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The Project, Study Contract B4-3040/2000/265101/MAR/C2, is entitled:

���<HDUV�RI�&RPPXQLW\�$FWLYLWLHV�WRZDUGV�+DUPRQLVDWLRQ�RI�1XFOHDU�6DIHW\�&ULWHULD
DQG�5HTXLUHPHQWV���$FKLHYHPHQWV�DQG�3URVSHFWV�

The main objective is: 7R�DGYLVH�WKH�(&�RQ�IXWXUH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�LQ�WHUPV�RI
HQKDQFHG�FR�RSHUDWLRQ�LQ�WKH�DUHD�RI�QXFOHDU�VDIHW\�DQG�KDUPRQLVDWLRQ�RI�VDIHW\�UHTXLUHPHQWV
DQG�SUDFWLFHV�LQ�DQ�HQODUJHG�(XURSHDQ�8QLRQ�

This project is being led by AEA Technology, including the following organisations:

2UJDQLVDWLRQV�IURP�(8�0HPEHU�6WDWHV
• Commissariat à l’Energie Atomique / DTP, Grenoble, France (CEA)
• Empresarios Agrupados Internacional, S.A., Madrid, Spain (EA)
• Nuclear Research and Consultancy Group, The Netherlands (NRG)
• Royal Institute of Technology, Sweden (RIT)
• Technical Research Centre of Finland (VTT)
• Professor H Karwat (Consultant), Germany

2UJDQLVDWLRQV�IURP�(QODUJHPHQW�&RXQWULHV
• Atomergia Kutatótintézet (Atomic Energy Research Institute), Hungary (AEKI)
• Urad Jadrového Dozoru, Bratislava (Slovak Nuclear Regulator), Slovakia (UJD)

The activities are divided into 3 sub-tasks as follows:

Part A: to prepare an analysis, synthesis and assessment of the main achievements from
Community activities related to the Resolutions on the "technological problems of
nuclear safety of 1975 and 1992, with due consideration for related research
activities;

Part B: to prepare an overview of safety philosophies and practices in EU Member States,
taking account of their specific national practices in terms of legal framework, type
and age of operating nuclear reactors;

Part C: to provide elements of a strategy for future activities in the frame of the Council
Resolutions, with particular attention to the context of enlargement of the EU.

Part A is divided into 7 chapters, 1-7,  and broadly is concerned with achievements in the
past.

The objectives of the work and the lead authors of the various sections are described in
Chapter 1 together with the implementation of the project.  A historical review in the period
1975-1993, including brief summaries of the Council Resolutions of 1975 and 1992 are
provided in Chapter 2.  The changes in nuclear energy policy since 1975 together with the
implementation of the 1997 and 1992 resolutions are reviewed.  Part of the activities involved
the setting up of a number of working groups including representatives from industry and
regulators.
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The RSWG (Reactor Safety Working Group) and the NRWG (Nuclear Regulator’s Working
Group) have performed important work to encourage implementation of the Council
Resolutions.  This work has been complemented by the activities of the other international
organisations, in particular the IAEA (International Atomic Energy Agency) and the
OECD/NEA (Nuclear Energy Agency).  In 1991-1992 the European Commission set up the
group CONCERT (Concertation on European Regulatory Tasks) in order to develop co-
operation between the safety authorities in the Community and those in the Central and
Eastern Europe and the former Soviet Union, and to organise and implement support to them.
The RAMG (Regulatory Assistance Management Group) was set up at the same time to
provide assistance.  The Commission also established assistance activities within the TACIS
and PHARE programmes for practical support to safety improvement in those countries.

The following two principles have been stressed by the NRWG and received world wide
acceptance:

- The nuclear safety must remain as the responsibility of the individual country, and the
principal responsibility of an installation must stay with the operating organisation.

- The safety regulator is responsible for monitoring and implementing the safety objectives
in accordance with the laws and regulations of the country.

In its second Resolution of 1992 the council recognised the good progress that had been made
towards an equivalent and satisfactory degree of protection of the population and the
environment.  The EU Member States were encouraged and requested to continue co-
operation and ensure greater concerted effort to arrive at a harmonised system of safety
criteria and requirements recognised throughout the Community.  Bringing the nuclear
installations in Central and Eastern Europe and the former Soviet Union up to the safety
levels equivalent to those in the European Community was adopted as a fundamental and
priority objective.

The latest developments in the period 1994-1999 are covered in Chapter 3.  The period saw
the implementation of the 1992 resolution in which EU Member States were requested to
ensure greater concerted effort in order to arrive at a system of safety criteria and
requirements recognised throughout the Community.

In 1996 the RSWG published an important “Consensus Document on European LWRs”
updating an earlier one (1988), covering operational safety, source term and severe accident
prevention and mitigation. It integrated the results of the activities of the Community, IAEA
and OECD/NEA.  This document shows there has been progress in harmonisation, beyond
that already achieved in 1988, when there had been agreement on basic principles of nuclear
safety as applied to LWRs.

In addition, the 1992 Resolution adopted DV�WKH�IXQGDPHQWDO�DQG�SULRULW\�REMHFWLYH�RI
&RPPXQLW\�FRRSHUDWLRQ�LQ�WKH�QXFOHDU�ILHOG��that of bringing the nuclear installations in
Central and Eastern Europe, and those in the Republics of the former Soviet Union, up to
safety levels equivalent to those in practice in the Community.  In keeping with the primary
objectives of this project Chapter 3 also reviews progress in harmonisation in selected areas
during this period.

Safety upgrading programs (PHARE and TACIS) have been applied in the Enlargement
countries to increase the NPP safety to the internationally accepted level.  The upgrading has
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been performed under Western leadership using Western suppliers of technology and Western
practices.  It is a visible contribution to the harmonisation process.

Although 100% harmonisation of the regulatory systems is not a reasonable/viable goal, even
reaching practical equivalence still requires continuing efforts. Some of the reasons for the
remaining differences are listed in Chapter 5. They include bureaucratic difficulties to change
laws and regulations, and differences in country-specific conditions and traditions, as well as
in plant designs.

The complementarily of EC initiated bodies with those of other international organisations
including IAEA, OECD(NEA) and WENRA (the Western European Regulator’s Association)
is discussed in Chapter 4.  In general the main international activities apart from the activities
of the European Commission are dominated by the IAEA and the NEA of the OECD.  In
particular the similarities and differences between these groups and their activities are noted.

The IAEA’s NUSS (Nuclear Safety Standards) programme has produced a large number of
documents focusing on safety fundamentals, safety requirements and safety guides.  Five
Codes of Practice and more than 50 Safety Guides have been published.  Although they are
only recommendations with no obligations for the countries, they have played an important
role in the harmonisation of the safety regulations and practices, especially within Central and
Eastern Europe and the former Soviet Union.

The OECD/NEA also encourages harmonisation in national regulatory policies and practices.
Its most important contribution is not in the development of regulatory recommendations and
safety guides, but in facilitating the spread of knowledge through effective dialogue and
active co-operation in resolving technical issues. Thus confidence in the scientific and
technological background of nuclear safety criteria, rules and guidelines and applied
assessment methods has been increased, and has led to harmonisation of their utilisation. This
is a prerequisite for successful harmonisation of the regulations and practices. Of the five
Committees of the NEA, the CSNI (Committee on the Safety of Nuclear Installations) and the
CNRA (Committee on the Nuclear Regulatory Activities) are most relevant in this context.

Globally, an important event was the adoption of the Convention on Nuclear Safety in 1994.
It commits participating countries legally to maintain a high level of safety.  The Convention
is based on a common interest to achieve higher levels of safety, developed and promoted
through regular meetings of the Parties.  The Convention obliges parties to submit reports on
the implementation of their obligations for “peer review” at meetings of the Parties to be held
at the IAEA.

WENRA has reviewed the status achieved on nuclear safety in the various EU Candidate
countries, from the point of view of the regulatory regime and NPP safety.  The status of
improvements is generally more advanced in the Czech Republic, Hungary and Slovakia;
more significant improvements are required in Bulgaria, Lithuania, Romania and Slovenia.
One of WENRA’s main objectives is “to develop a common approach to nuclear safety and
regulation in particular within the EU” but no final document on harmonisation has yet been
produced.

The impact on similarities and divergences in practice in the EU countries are reviewed in
Chapter 5.  The areas of expanding international collaboration are covered, including the
achievements of the Euratom treaty and the need to accommodate the needs of the EU
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applicant countries.  There are some differences in approach that are beginning to emerge, one
example is the position of severe accidents in respect to licensing.

Assessment of achievements and limitations is provided in Chapter 6.  Here reference is made
to the strong influence of the US in setting the background for licensing requirements in
Europe.  This is because there are a large number of plants in operation in the EU of US
design or derived from US designs, which must be licensable in their country of origin.

The achievements of the harmonisation efforts pursued by the EU are recognised through a
number of co-operative studies performed over the years in EC programmes.  Examples are
cited in Chapter 6.  Some of the studies have been directed against specific safety issues,
while others have focussed on the overall approaches to safety principles.  In some areas
significant progress has been made in achieving harmonisation.

The principal conclusions of Part A are summarised in Chapter 7.  It includes a survey of the
achievements of harmonisation in respect to a number of key areas.

There is good communication between Western regulators and relatively small differences in
regulatory practices across the EU.  There is a considerable degree of harmonisation in the
acceptance of the IAEA safety principles.  Differences are primarily questions of
interpretation of the principles.

There are some differences in detail between different countries’ regulatory practices.  With
regard to source terms for DBA although progress has been made there is a lack of consensus
on both the methodology and the data to be used for licensing calculations.  There is for
example no consensus of the criterion to be used to determine whether the fuel cladding fails.
There is little incentive for regulatory bodies to choose the same set of assumptions,
particularly if the designs are different and the state of the art is insufficient to justify a best
estimate approach.

There is a wide consensus, reflected now in IAEA publications, on the need to consider
severe accidents both in existing plants and in the design of future plants.  However severe
accidents are outside the design basis envelope in most countries and there is no
harmonisation on methodology (beyond reference to PSAs) or cut-off criteria.

There is harmonisation on the benefits of PSA, but less harmonisation on the implementation.
Across the EU there is some consensus on the main elements but also a gap between
recommendation and practice.  There is a more common approach regarding methodology,
but plant specific considerations apply with respect to data collection.

There are clear benefits in ensuring best practice in the area of operational safety.  The
benefits of periodic safety reviews have been promoted by the Commission and there is
general agreement on the merits of risk based inspection.  However there are significant
differences in inspection philosophy and codes across the EU.

Activities supported by the Commission have led to significant progress in harmonisation of
the requirements for Non Destructive Testing (NDT) and on the environmental qualification
of equipment.
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The area of safety critical software has been proposed by the Commission as a fertile area for
further harmonisation.  The most important issues raised by the licensing of software
important to safety have been defined.  A consensus document on safety critical software has
been produced by the NRWG.

Progress has been made towards harmonisation on national standards for manufacture.  A
complete set of construction codes was issued as the ETC-M code for the construction of a
future LWR in Europe.

There is a good opportunity to harmonise the safety approach, the regulations and the
practices for new plant.  Harmonisation of EURs (European Utility Requirements) will be
very important in achieving this goal.  Many of the Commission’s harmonisation activities for
existing plant will apply equally to future reactors.

In summary, nuclear safety technology and management in Western Europe has reached a
high degree of maturity, and resulted in a very good operating performance and an excellent
safety record.  The harmonisation of the safety criteria and requirements has made positive
progress, and today it has reached a status, which may be described as a high degree of
equivalence between the regulatory systems.  However there are differing degrees of
harmonisation across specific areas and in practices.  With regard to safety in the Central and
Eastern Europe, according to the Council of the European Union view, the situation in some
countries is already comparable to the Western countries, and is generally improving rapidly.
However, further efforts are needed in some countries to reach an equivalent regulatory
system compared to the West.  Harmonisation of the regulatory regimes and NPP safety
standards has not yet been achieved across the Candidate countries.

Part B comprises 3 chapters, 8-10, and is primarily concerned with the present specific
regulatory practices in the EU and EU Candidate countries.

The different safety approaches that exist from the perspective of licensing methodology are
identified in Chapter 8.  These are considered within the following areas: nuclear regulatory
frameworks, design basis assessment, safety margin and backfits and standards for future
reactors.  In each case the range of practices that are followed (which therefore encompass
those of the EU and the Candidate countries) are identified and compared.

Despite being differences in regulatory frameworks, regulatory requirements, relationships
with the licencees etc. there are considerable similarities in the objectives and actual
implementation of safety approaches across the EU countries.  The objectives of the EU
Enlargement Countries in respect of safety culture for nuclear installations are now common
with those of the EU.  There have been major advances over the last decade within the EU
Enlargement Countries in the implementation of these objectives.

The safety philosophy of approach in the EU Member States and Candidate countries is
addressed in Chapter 9.  This Chapter has been produced using a standard questionnaire
developed by AEA Technology.  A questionnaire was used by the participants to give a
summary of the prevailing approach to the regulation of nuclear power plants in the EU and
Candidate countries.  In many responses there has been detailed consultation with the national
regulatory body.



$($7�5�36(*�����

$($�7HFKQRORJ\ YL

EU prevailing practices are reviewed in Chapter 10.  This breaks down the various
approaches under the following headings, legislative and regulatory frameworks, design and
construction of NPPs, assessment and verification of safety, operational safety, safety culture
and management, emergency preparedness and improvement of existing installations.  The
ranges of practices across the EU in a number of specific areas under these headings are
considered.

Part C consists of two sections, 11-12, and is primarily concerned with the future.  It aims to
provide strategic suggestions for future Community Activities.

International developments that may impact the future of nuclear energy are considered in
Chapter 11.  It covers the status of nuclear power programmes within the EU, energy policy in
Europe, status of nuclear power in the Candidate countries, evolution of safety standards,
economic and environmental drivers in the energy market and finally technical harmonisation
and the single market.

An important conclusion is that any proposed activities on further harmonisation should be
consistent with the energy policies adopted within the European Union, and the views of the
EU Member States.  Otherwise such activities will not be supported by any EU Member State
with opposing policies.

Recommendations for future strategy are discussed in Chapter 12.  The benefits of
harmonisation, both for current and future reactors are expressed.  A brief section is included
on the role of the European Union and European Commission.  Recommendations are divided
into two classes, top level recommendations and specific recommendations.

The top level recommendations are as follows:

1. Nuclear regulation should remain a national responsibility for the foreseeable future.

2. The Nuclear Regulators and utilities in the EU Member States adhere to common
principles for the licensing and regulation of nuclear power plants, which ensure that there
is a high level of safety.

3. Given that there have been significant changes in the structure of the European nuclear
industry, and that the Enlargement process is expected to lead to other states with nuclear
power plant joining the European Union, it is timely to consider an updated resolution by
the Council to underpin the future activities at EU level.

4. It is recommended that any new resolution:

- Emphasises the need to integrate and support the regulatory bodies in the Enlargement
countries.

- Emphasises the need for continued dialogue and support to ensure that existing plants in
other countries, particularly those of the former Soviet Union, attain a high level of
safety consistent with their national safety objectives and obligations to the IAEA.

- Welcomes efforts by utilities operating in the EU to define their requirements for the
design of nuclear power plants, including the safety objectives.
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- Encourages national regulatory bodies to work together to provide design review of
proposed new reactor designs, prior to formal licensing.

- Encourages the adoption of common engineering design codes for nuclear power plant.

- Recognises the role of the Commission as a facilitator in bringing all actors in the
nuclear power field operating in the enlarged European Union to a common forum, to
encourage the development of common approaches to remaining issues in nuclear
safety (e.g. the setting and demonstration of probabilistic safety goals, the licensing of
safety critical software).

- Looks for a strengthening of the links between the research programme and application
of the results in ensuring and enhancing the safety of nuclear power plants, including
developing a common basis for regulation.

- Charges the Commission to ensure dialogue between states with and without nuclear
power programmes to ensure that citizens concerns are fully understood and
addressed, in order to develop a future energy policy with an agreed role for nuclear
power.

- Recognises the importance of the waste issue and charges the Commission to co-
ordinate activities by EU Member States to demonstrate technical solutions that are
publicly acceptable.

- Encourages enhanced co-operation by the Commission and EU Member States with the
international organisations (IAEA and NEA) to ensure a high level of nuclear safety
world-wide and avoid unnecessary duplication of effort.

- Supports pre-commercial research and development on alternative reactor systems that
may have safety and economic advantages over current reactor systems.1

5. In the absence of a new Council Resolution, it is recommended that the current structures
are maintained, with the emphasis being that the Commission acts as a facilitator for EU
Member States but with a continued active role addressing enlargement issues and the
safety of reactors in the former Soviet Union.  Further specific proposals are made below,
which could be undertaken either in the context of a new resolution, or as a continuation
of the existing programmes.

The specific recommendations cover a wide range of issues: Enlargement, the safety of
reactors in the former Soviet Union, harmonisation of utility requirements, support of
regulatory bodies, connections with research activities, public acceptability, co-operation with
other organisations, and EC practices.  Details are provided at the end of Chapter 12.

                                                
1 This recommendation falls more under the activities of the EURATOM Treaty to promote
nuclear development than the context of the earlier Council Resolutions.
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AGR Advanced Gas-Cooled Reactor (UK design with oxide fuel,
graphite moderator and carbon dioxide coolant)

ALARA As Low as Reasonably Achievable
ALARP As Low as Reasonably Practicable
AMES Ageing Materials – Evaluation and Studies Network
AQG Atomic Questions Group
ASME American Society of Mechanical Engineers
ATWS Anticipated Transient Without Scram
BE Best Estimate
BWR Boiling Water Reactor
CBA Cost Benefit Analysis
CDF Core Damage Frequency
CEEC Central and Eastern European Countries
CNRA Committee on the Nuclear Regulatory Activities
CONCERT Concertation on European Regulatory Tasks
CSNI Committee on the Safety of Nuclear Installations
DBA Design Basis Accident
DCH Direct Containment Heating
EC European Commission
ECCS Emergency Core Cooling Systems
EFR European Fast Breeder Reactor (a paper design)
EFW Emergency Feed Water
EM Evaluation Model
ENIS-G European Nuclear Installations Safety Group
ENIQ European Network for Inspection Qualification
EPR European Pressurised Water Reactor (a French – German

evolutionary LWR)
EU European Union
EURD European Utilities Requirements Document
HPME High Pressure Melt Ejection
HTR High Temperature Reactor (gas-cooled)
IAEA International Atomic Energy Agency
IPE Individual Plant Examination
IPEEE Individual Plant External Events Examination
ISP International Standard Problem
ISI In-Service Inspection
IST In-Service Testing
IVMR In-Vessel Melt Retention
LBB Leak Before Break
LBLOCA Large Break Loss of Coolant Accident
LERF Large Early Release Frequency
LOCA Loss of Coolant Accident
LMFBR Liquid Metal Cooled Fast Breeder Reactor
LWR Light Water Reactor with oxide fuel and water as the coolant and

moderator
NDFC Nuclear Development and Fuel Committee
NDT Non-Destructive Testing
NEA Nuclear Energy Agency (of the OECD)
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NIS Newly Independent States (republics of the former Soviet Union)
NLC Nuclear Law Committee
NPP Nuclear Power Plant
NRA Nuclear Regulatory Authority
NRWG Nuclear Regulators’ Working Group
NUSAC G24 Nuclear Safety Assistance Coordination
NUSS Nuclear Safety Standards (of IAEA)
OECD Organisation for Economic Co-ordination and Development
PDI Performance Demonstration Initiative
PEG Performance Evaluation Guide
PHARE EC assistance programme to the countries of Central and Eastern

Europe
PSA Probabilistic Safety Analysis
PSC Probabilistic Safety Criteria
PSR Periodic Safety Review
PWG Principal Working Group
PWR Pressurised Water Reactor
QA Quality Assurance
RAMG Regulatory Assistance Management Group
RBMK Russian designed boiling water reactor with graphite moderator
RSWG Reactor Safety Working Group
RWMC Radioactive Waste Management Committee
SA Severe Accident
SAM Severe Accident Management
SAR Safety Analysis Report
SGTR Steam Generator Tube Rupture
SOAR State of the Art Report
SQEP Suitably Qualified Experienced Personnel
TACIS EC assistance programme to the republics of the former Soviet

Union
TMI-2 Unit 2 of the Three Mile Island Power Plant
TSO Technical Safety (Support) Organisation
USNRC United States Nuclear Regulatory Commission
VVER Russian designed pressurised water reactor (also referred to as

WWER)
WANO World Association of Nuclear Operators
WENRA Western European Nuclear Regulators’ Association
WOG Westinghouse Owners Group
WPNS Working Party on Nuclear Safety
WGCS Working Group on Codes and Standards



$($7�5�36(*�����

$($�7HFKQRORJ\ �

3DUW�$� 0DLQ�DFKLHYHPHQWV�DQG
OLPLWDWLRQV�RI�(8�&R�RSHUDWLRQ�XQGHU
WKH�&RXQFLO�5HVROXWLRQV�RI������DQG
�����RQ�1XFOHDU�6DIHW\



$($7�5�36(*�����

$($�7HFKQRORJ\ �



$($7�5�36(*�����

$($�7HFKQRORJ\ �

�� ,1752'8&7,21

The main objective of this report, as stated in the Contract to the Commission [1.1], is:

7R�DGYLVH�WKH�(&�RQ�IXWXUH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�LQ�WHUPV�RI�HQKDQFHG�FR�RSHUDWLRQ�LQ
WKH�DUHD�RI�QXFOHDU�VDIHW\�DQG�KDUPRQLVDWLRQ�RI�VDIHW\�UHTXLUHPHQWV�DQG�SUDFWLFHV�LQ�DQ
HQODUJHG�(XURSHDQ�8QLRQ�

This advice is to be based on:

(i) an assessment of the main achievements from Community activities carried out under
the Council Resolutions of 1975 and 1992 – Part A of this report.

(ii)  an overview of safety philosophies and practices in EU Member States and some
Enlargement Countries– Part B of this report.

An overview of international developments in the area of nuclear safety is given in Part C,
which also includes recommendations for future EC activities.  It was originally intended to
include an Annex to Part B to provide details of the operating civil nuclear power plants in the
EU Member States and Candidate Countries, however this has now been produced as a
separate report [1.2].

This report was produced by a Consortium led by AEA Technology.

A Kick-Off meeting for the Project was held in December 2000, at which EC staff from DG-
Energy and Transport (DG-TREN) were present.  The requirements for the Project were
discussed and the inputs from the participants for Parts A and B were agreed.  These inputs
were reviewed at a meeting held between the Consortium members and EC staff on 5 and 6
February 2001.  Additional meetings were held with the Project Partners and DG-TREN staff
on 2-3 April 2001 and 18 May 2001.  At these meetings drafts of this report were reviewed
and the final recommendations were developed. The present report is the Final Version.  It
consists of Part A (Chapters 1 to 7), Part B (Chapters 8 to 10), and Part C (Chapters 11 to 12);
with this last part providing recommendations for future Community activities.  Annex 1
gives a summary of the responses to a survey of regulators, produced as part of the work for
Part B.

While AEA Technology has the overall responsibility for producing the report, the
responsibility for individual Chapters is given in the following Table.

3DUW &KDSWHU 7LWOH 2UJDQLVDWLRQ��/HDG�$XWKRU &RPPHQWV
A 1 Introduction AEA-T/ B Turland

2 Historical Review 1975 -1993 CEA / J M Seiler Input from AEA-T
3 Latest Developments 1994- 99 EA / J A Carretero
4 Complementarity Prof. H Karwat Input from VTT
5 Impact on EU countries NRG / J van Hienen
6 Achievements and Limitations RIT / Prof. B R Sehgal
7 Conclusions of Review VTT / H Holmström

B 8 Safety Approaches AEA-T / J Lillington
9 National Safety Approach AEA-T / B Turland
10 Prevailing EU Practices AEA-T / J Lillington

Based on Partner
input through
response to
questionnaire

C 11 International Developments AEA-T / B Turland Partner Input
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12 Recommendations AEA-T / J Lillington Partner Input

The project implementation has been monitored by Mr José A. Gómez representing the
European Commission.

5HIHUHQFHV�IRU�&KDSWHU��

[1.1] European Commission, Contract ENV.C.2/ETU/2000/0020, 2000.
[1.2] Lillington J N et al., Main Characteristics of Nuclear Power Plants in the European

Union and Candidate Countries, AEAT/R/PSEG/0405, 2001.

�� +,6725,&$/�5(9,(:�������²������

The review firstly summarises the Council resolutions of 1975 [2.1] and 1992 [2.2], then
outlines the progress made since the earlier date.

7KH�FRXQFLO�UHVROXWLRQ�RI�����

The Council resolution of 1975 asserted that there were a number of reasons for Community
actions in the area of nuclear safety. These included:

- The importance of nuclear power as an energy source in the Community,
- The need for appropriate action at the Community level to address the technological

problems of nuclear safety in view of possible environmental and health implications ,
- The need to keep the public informed,
- The safety and economic benefits of a harmonised approach for nuclear safety authorities,

constructors and producers,
- The desire for the Commission to act as a catalyst to address nuclear safety at an

international level, as nuclear problems are not limited to national frontiers.

The objective of the desired “progressive harmonisation” of safety requirements and criteria
was to “provide an equivalent and satisfactory degree of protection of the population and of
the environment against the risk of radiation resulting from nuclear activities”.

It was anticipated that a benefit of Community action in this area would be the development
of trade, on the understanding that harmonisation of safety requirements and criteria should
not involve any reduction of the safety level already attained.

The process of “harmonisation” was defined in the Council Resolution as follows:

- Listing and comparing the requirements and criteria applied for different reactor types in
the different countries

- Drawing up a balance sheet of similarities and dissimilarities
- Formulating recommendations pursuant to the second indent of article 124 of the Euratom

Treaty, which allows such recommendations and opinions if the Treaty expressly so
provides, or if the Commission considers it necessary.



$($7�5�36(*�����

$($�7HFKQRORJ\ �

This Council Resolution also promoted the co-ordination of applied research programmes in
the Community, to encourage exchange of information and avoid unnecessary duplication of
effort.

The resolution of 22 July 1975 outlined 8 points:

The Council:

- requests the EU Member States (Safety authorities, operators, constructors and others) to
continue to collaborate at Community level,

- asks for listing and comparing the safety requirements and criteria and drawing up a
balance sheet of similarities and dissimilarities,

- agrees to strengthen Commission and EU Member State efforts to coordinate applied
research programmes in order to make the best use of the resources available in the
Community and the EU Member States,

- approves meetings of working parties and exchanges of information and syntheses,
- notes that the measures may require appropriation in order to finance analyses and

syntheses
- requests the EU Member States to notify the Commission of any draft, laws, regulations

concerning nuclear safety,
- requests the EU Member States to seek common positions on any problems concerning

the harmonisation of requirements and safety criteria,
- requests the Commission to submit annual reports on the progress made and requests the

EU Member States to ensure that the public is given the best possible information.

7KH�FRXQFLO�UHVROXWLRQ�RI�����

The resolution of 18 June 1992 outlined 6 points:

The Council:

- recognises the progress made towards an equivalent and satisfactory degree of protection
of the population of the European Community as called for in the 1975 resolution, and in
contributing to international acceptance of such levels,

- encourages the EC, national safety organisations, R&D institutions, utilities and
manufacturers  to continue consultation and co-operation,

- reaffirms the importance of technological progress, nuclear safety research and
innovation, including future generations of reactors, and extending to third countries,
notably those of Central and Eastern Europe and the republics of the former Soviet Union,

- requests the EU Member States to continue to ensure greater concerted effort, with
assistance of the Commission, towards a system of safety criteria and requirements
recognised throughout the EC,

- emphasises the importance of nuclear safety in Europe and the objective of bringing the
safety levels of nuclear installations, in Central and Eastern Europe and republics of the
former Soviet Union, up to those in the EC,

- encourages EU Member States and the EC to act in a co-ordinated manner towards
acceptance of nuclear safety criteria and requirements at international level, in particular
in the framework of the IAEA.

&KDQJHV�LQ�1XFOHDU�(QHUJ\�3ROLF\�IURP������WR�����
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Before going into the progress achieved on the implementation of the 1975 resolution, it is
worth taking a brief look at how the nuclear energy situation has changed in the world both
politically and economically.

Several commercial reactor designs were under consideration 25 years ago.  These designs
included LWRs but also LMFBRs (Fast breeder reactors, sodium cooled) and HTR (High
temperature reactor, gas cooled).  In addition the UK was operating Magnox reactors (metal
fuelled, gas cooled) and AGR (Advanced (oxide fuelled) gas-cooled reactors), some of which
were still under construction.  In many countries a large increase in nuclear capacity was
foreseen with the introduction of a significant number of commercial fast breeder reactors
before the year 2000.

Many of the designs considered in the 1970s have been abandoned, for different reasons
(technological complexity, economic perspectives, safety concerns).  The main nuclear
electricity production in Europe, in common with the rest of the world, now comes from
LWRs; the exception being the UK where AGRs provide a large fraction of the nuclear-
generated electricity (although the UK also subsequently elected to follow the LWR route).
However, in most EU Member States, with the exceptions of France and Belgium, nuclear is
not the dominant source of electricity.  The LWRs dominate nuclear power production in the
US and the Far East; the LWR also provides the basic concepts for the VVER reactors
developed in Russia and used in other Eastern countries and Finland.  Also, in some eastern
European countries such as Russia, Lithuania and the Ukraine, the graphite moderated boiling
water reactors (RBMKs) provide a significant share of the supply.

The end of the decade 1980-1989 saw a cutback in nuclear power plant construction
programmes in countries regarded as being in favour of nuclear energy (France, Japan, US,
United Kingdom, Spain and Germany) and decisions to phase out nuclear stations in other
countries, either immediately (Italy), or over a period of time (Sweden).  Contributing factors
were the abundance of fossil fuel with resulting competition on economic grounds, concerns
over safety in the wake of the accident at TMI-2 (1979), and the perceived problems in the
management of wastes, with both political and economic consequences.  The drive to increase
nuclear capacity in the US had been halted by high construction costs and uncertain returns on
investment.  Economic drivers were becoming of increasing importance in Europe,
particularly given the high capital costs of plants, coupled with uncertainty due to possible
accidents (elsewhere) and changes in regulatory requirements.  The TMI-2 accident indicated
that severe accidents were possible at nuclear power plants, and the regulatory bodies (and
industry) responded by reconsidering the acceptability of the LWR designs, promoting severe
accident research and the development of severe accident management strategies.

Concerns regarding the safety of nuclear power plants in Eastern Europe and the former
Soviet Union were sharply heightened by the accident at Chernobyl (1986).  This also
affected opinion in Western Europe about the safety of nuclear power plants in general,
contributing to the decisions of some countries (eg Germany) to initially tighten safety
requirements for new plant, implying design modifications, and more recently, to no longer
pursue the nuclear power option.  In addition, there was also concern over waste disposal and
proliferation issues.  The Chernobyl accident had a significant impact on the activities of the
Commission in the field of assistance to the countries of Central and Eastern Europe and to
the former Soviet Union.  This latter activity was reinforced after the political changes that
occurred in these countries at the beginning of the 1990s.
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In retrospect, the period 1975 – 1993 represented a period of construction, followed by an
operational phase for nuclear power.  Development plans, particularly related to the
introduction of fast breeder reactors, and a move to the “plutonium economy” were drastically
scaled down.  Nuclear power was treated less as a strategic option and had to compete on
economic grounds (particularly when allowance was made for interest charges on
construction), whilst responding both to major accidents and public concerns.

$SSOLFDWLRQ�RI�WKH������5HVROXWLRQ

The method used to implement the 1975 Council Resolution has been to promote systematic
consultation between the various parties (Utilities, Regulatory authorities, ..) in the EU
Member States within Commission working groups in order to reach a consensus on the
equivalence of approaches, methodologies, options and safety rules, and criteria.

The RSWG, recently discontinued [see 2.3], was composed of NRAs (Nuclear Regulatory
Authorities), nuclear power plant operators and representatives of the nuclear industry from
the EU Member States (with Switzerland as an observer), and dealt with the harmonisation of
nuclear safety practices inside the European Union.

The RSWG attributed a high priority to an exchange of information on the situation in the EU
Member States, on significant events with regard to safety, and on probabilistic studies.  A
number of benchmarks provided a set of hypotheses and realistic data on the release of fission
products and the radiological consequences of a design basis accident.  Advanced nuclear
power plants have also been discussed by the RSWG.

The NRWG [2.4] is at present composed of NRAs of the EU Member States and of the
candidate countries, (Switzerland as an observer) with similar objectives to the RSWG but
more emphasis on licensing issues and harmonisation of safety requirements.  The NRWG
deals more specifically with regulatory aspects and pursues the objective with discussion, at
Community level, of safety criteria, rules and requirements.

As examples, the NRWG worked in the following fields:

- Inventory of current practices while identifying differences in approach. Periodic reviews.
In-depth study of practices concerning the "safety culture".

- Regulatory actions concerning probabilistic safety analyses: to what extent can the results
of PSA's be taken into account in authorisation procedures?

- Specific requirements on PSA methodology and PSA procedures by regulatory bodies,
including the use of PSA (tools) at regulatory level.

- Quality assurance in NPPs.  Definition of QA criteria.
- The influence of the regulatory authority on the design of future plants.

Representatives of the Swedish, Finnish and Swiss organisations also assisted these two
groups since their inauguration.

The Commission also worked on codes and standards c.f. WGCS (Working Group on Codes
and Standards), and this activity shifted gradually from fast breeder reactors to light water
reactors.  The intention was to establish the technical bases of a harmonised approach prior to
the development of European industrial codes in the perspective of developing a guarantee
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attached to a "European label".  The priority is more to establish equivalence between certain
specific parts of the various codes and standards.

The EU Member States did not notify directly the Commission of drafts, laws, and regulations
concerning nuclear safety, as was asked by the Council Resolution.  The Commission had
however access to this information through the working groups.

$FKLHYHPHQWV�XS�WR�����

The period up to the end of 1993 (essentially that covered by the first resolution – the
implementation of the 1992 resolution is considered in subsequent chapters) has already been
the subject of a number of reviews.  Overall progress on the development of a system of
safety criteria and requirements recognised throughout the Community were reviewed in a
report prepared by the Commission in December 1993 [2.5].  The principal achievements
highlighted in this report are:

1. The setting up and operation of two Community working groups: the RSWG and the
NRWG.

2. Consensus on a document entitled “Objectives and Requirements of a Nuclear Safety
Regulatory Regime”

3. Near consensus on a document entitled “Assurance of the Safety of Nuclear Power Plants
– Objectives and Methods” [2.6].

The first major step in the harmonisation process was the agreement in 1981 on a set of safety
principles, primarily for LWRs 1981 [2.7].  This report recognises that “DQ\�VSHFLILF
KDUPRQLVDWLRQ�FDQ�RQO\�EH�EDVHG�RQ�D�SUHYLRXV�KDUPRQLVDWLRQ�HIIRUW�RQ�WKH�EDVLF�SULQFLSOHV
RI�VDIHW\��RQ�ZKLFK�UHTXLUHPHQWV�DQG�FULWHULD�GHSHQG�´��It is further noted that

$OWKRXJK�WKH�DLP�LV�WR�DFKLHYH�DQ�HTXLYDOHQW�DQG�VDWLVIDFWRU\�GHJUHH�RI�SURWHFWLRQ�RI
WKH�SRSXODWLRQ�DQG�WKH�HQYLURQPHQW��WKH�ZD\�WR�REWDLQ�WKLV�GHJUHH�RI�SURWHFWLRQ�PD\
GLIIHU�IURP�FRXQWU\�WR�FRXQWU\���7KH�EDVLF�SULQFLSOHV��KRZHYHU��PXVW�DQG�FDQ�EH
FRPPRQ��DV�IDU�DV�WKH\�UHIOHFW�REMHFWLYHV��EXW�QRW�WKH�ZD\�WR�UHDFK�WKHP�

The document [2.7] provides a set of principles based on satisfying limits to radiation
exposure and the prevention of accidents.  A section on “General Safety Principles” discusses
“defence in depth” and its implementation in plant design through a series of barriers.  The
role of quality assurance is stressed, particularly for safety-related equipment and functions.
Safety evaluations are required “to demonstrate that the design, the construction and the
operation of the plant will take place according to the defence in depth strategy.” The Safety
evaluation is required to show which kind of events and combinations of them are taken into
account, and to identify their consequence.  Other requirements include (i) the identification
of codes and standards, and their evaluation to determine their adequacy, and (ii) that all items
important to safety shall be testable and maintainable “commensurate with the safety function
to be performed”.  However, apart from specifying defence in depth, the requirements for
design and construction is expressed in very general terms:

7KH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�WKH�SODQW�VKDOO�SURYLGH�DGHTXDWH�VDIHW\�PDUJLQ�LQ
QRUPDO�RSHUDWLRQ��SUHYHQW�WKH�RFFXUUHQFH�RI�V\VWHP�PDOIXQFWLRQV�DQG�PLQLPL]H�WKH
VHQVLWLYLW\�RI�WKH�SODQW�WR�IDLOXUHV��PDOIXQFWLRQ�DQG�PDORSHUDWLRQ���2II�QRUPDO
FRQGLWLRQV��VXFK�DV�DQWLFLSDWHG�RSHUDWLRQDO�RFFXUUHQFHV��>PXVW@�EH�GHWHFWHG�DQG
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PLQRU�LQFLGHQWV�SUHYHQWHG�IURP�HVFDODWLQJ���5HOLDEOH�IHDWXUHV��DV�ZHOO�DV�RSHUDWLRQDO
DQG�RUJDQLVDWLRQDO�SURYLVLRQV�PXVW�EH�DYDLODEOH�WR�FRSH�ZLWK�DQ\�FUHGLEOH�LQWHUQDO�RU
H[WHUQDO�HYHQW�RU�FUHGLEOH�FRPELQDWLRQ�RI�WKHP�

In [2.6] these principles are interpreted as requiring the incorporation of safety margins in the
design through the use of conservative factors in the calculation of the radiological source
term.  These basic principles are widely accepted and embodied in current IAEA Safety
Standards (eg [2.8]).

The next step in achieving and documenting the harmonisation process was the 1989
publication on “Assurance of Safety of Nuclear Power Plants – Objectives and Methods”
[2.6].

It is claimed in the Commission’s 1993 review of progress [2.5] that the report [2.6] “VKRZV
WKDW�WKH�OHYHOV�RI�VDIHW\�DFKLHYHG�LQ�&RPPXQLW\�FRXQWULHV�DUH�SUDFWLFDOO\�HTXLYDOHQW´���This
conclusion is not stated in these terms in [2.6] itself; in fact there is no numerical assessment
of the level of safety achieved.  The report concludes that:

7KH�REMHFWLYHV�DQG�PHWKRGV�>WR�IXOILO�VDIHW\�REMHFWLYHV@�DUH�DW�SUHVHQW�WKH�VXEMHFW�RI
FRQVHQVXV�EHWZHHQ�WKH�DFWRUV�±�DXWKRULWLHV��PDQXIDFWXUHV��XWLOLWLHV�±�LQ�DOO�0HPEHU
&RXQWULHV�

However, criteria are still not quantified and there is no endorsement of particular evaluation
methods.  In fact the discussion is mainly at a similar level to that in the earlier report, with
more emphasis given to specific areas eg: systematic use of operating experience,
consideration of human factors, treatment of common cause and consideration of total system
loss.

It was concluded in [2.6] that the use of the deterministic method for design and safety
evaluation in all the EU Member States uses the same basic hypothesis and concepts.
However, there were some differences stemming from the implementation of ALARP (as low
as reasonably practicable) and different technological practices in the different countries.  In
practice this had led to differences in containment and requirements for safety systems (eg
redundancy).  Common approaches to operational safety and the systematic use of operating
experience were identified. In other areas, such as the use of probabilistic safety assessments,
there was a good deal of common ground but practices varied between countries.

Reference [2.6] is a good source document for a summary of the outstanding technological
issues in reactor safety, such as:

• The assessment of safety margins;
• The treatment of common cause and common mode failures (credit for system

redundancy);
• The role of PSA in the formal licensing process;
• The role of the man-machine interface and human factors.

This list, derived from the status in 1989, is central to current discussions on the safety and
acceptability of nuclear power.
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It was stated in [2.5] that there was still a need (in 1993) to move to a consensus on severe
accidents.

With respect to the Council’s goal of harmonisation, it should be noted that the NRWG
adopted the following principles [2.5]:

7KH�VDIHW\�RI�QXFOHDU�LQVWDOODWLRQV�PXVW�UHPDLQ�WKH�UHVSRQVLELOLW\�RI�WKH�LQGLYLGXDO
FRXQWULHV��PHDQLQJ�WKDW�WKHUH�PXVW�EH�D�OHJDO�IUDPHZRUN�WR�UHJXODWH�QXFOHDU�DFWLYLWLHV
DQG�GHVLJQDWH�UHVSRQVLELOLWLHV��WKH�SULQFLSDO�UHVSRQVLELOLW\�IRU�WKH�VDIHW\�RI�DQ
LQVWDOODWLRQ�PXVW�OLH�ZLWK�WKH�RSHUDWLQJ�RUJDQLVDWLRQ�

7KH�VDIHW\�UHJXODWRU�LV�UHVSRQVLEOH�IRU�PRQLWRULQJ�DQG�LPSOHPHQWLQJ�WKH�VDIHW\
REMHFWLYHV�LQ�DFFRUGDQFH�ZLWK�WKH�ODZV�DQG�UHJXODWLRQV�

Thus, any harmonisation has to be expressed through national legislation.  Currently there are
still differences in organisational approach in the EU Member States (see Part B).

The Commission’s 1993 report [2.5] noted a number of ongoing activities related to
harmonisation between the EU Member States:

1. Accelerated work on design codes and standards.
2. Extension of the analysis of safety margins to containment of a severe accident.
3. Preparation of an updated report on the management of severe accidents.
4. Harmonisation of methods for PSAs.
5. Discussion of the qualification of safety software.
6. Establishment of the reinforced Concerted Action (and follow on activities in the 4th and

5th Framework research programmes) to establish a scientific and technical consensus in
areas such as the risk of hydrogen detonation, fission product retention and steam
explosions.

7. Activities within NRWG on “safety culture”.

Periodic Safety Review was another activity addressed by EC Task Forces.  A review of
current practices for nuclear power plants in the EU Member States, Finland, Sweden and
Switzerland [2.9] was requested by the NRWG and RSWG in the early 1990s, subsequently
released in 1995.  All of these countries with NPPs were found to be implementing
programmes of comprehensive safety reviews for their older NPPs and a legal requirement
had been introduced in some countries.

The Commission’s 1993 report stated that “Over and above the safety system being
established, the ultimate objective will be to achieve a genuine Community safety culture
progressing throughout Europe.  In this context, it outlined actions underway to implement
the parts of the 1992 Resolution concerned with installations in Central and Eastern Europe
and the Republics of the former Soviet Union:

1. A joint Community-Russian study on how to improve safety in the main reactor systems.
2. Establishment of CONCERT to develop co-operation between Community and East

European safety authorities.
3. Implementation of activities in the PHARE, TACIS and the G24 NUSAC (Nuclear Safety

Assistance Coordination) programmes to improve nuclear safety.
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These latter activities were also viewed as encouraging harmonisation among the Community
participants, as was the development of the single market, the development by the utilities of
the EURs document, and activities related to EPR (European advanced pressurised water
reactor).  The implementation of these activities is considered in subsequent chapters of this
report.

&RRSHUDWLRQ�ZLWK�WKH�FRXQWULHV�RI�(DVWHUQ�(XURSH

The objective set by the Council was to endeavour to bring the nuclear installations in the
countries of Central Europe and Eastern Europe and the former Soviet Union up to safety
levels equivalent to those in practice in the Community. As far as strictly regulatory matters
are concerned, this objective is twofold:

- information and transferring a system of principles, criteria, safety rules and evaluation
methods,

- transferring practices, regulations and laws concerning the organisation of the public
authorities for the approval and control of nuclear installations.

In 1991, the Commission set up the CONCERT Group [2.10] for the purpose of developing
cooperation between the safety authorities in the Community and in Eastern Europe.  In this
Group, the broad policy options are discussed.  The Group’s first decision was to prepare a
document entitled "Objectives and requirements of a nuclear safety regime" with the intention
of helping the European countries set up adequate regulatory structures.

At the beginning of 1992, at the instigation of the NRWG, the Commission set up, the RAMG
composed of the NRAs of the EU Member States.  The RAMG supervises regulatory
assistance activities by the EU Member States to the CEEC and NIS and advises the
Commission on proposals made in this connection.  The task was to define, organise and
implement support to the regulatory authorities, help to establish regional assistance
programmes, examine and evaluate the results of this assistance.  The task was funded
through the PHARE and TACIS programme.

The Commission has drawn up a Memorandum of Understanding spelling out the respective
roles of the CONCERT and RAMG Groups.  The Memorandum specifies the type of
measures to be carried out on the basis of contractual links between the Community and the
Community bodies taking part in the assistance. "Exploratory missions" have been conducted
on different locations to examine specific problems raised by the applicant Countries.
Proposed measures are incorporated into the Commission’s assistance programme.

In addition to these consultative structures, the Commission has established a programme
funded by the Community (within PHARE and TACIS), dealing with nuclear safety countries
in Central and Eastern Europe and in the countries of the former Soviet Union respectively.
The PHARE and TACIS programme contributes to the implementation of the 1992
Resolution of bringing the nuclear installations in Central and Eastern Europe up to safety
levels equivalent to those in practice in the community.

,QWHUQDWLRQDO�FRRSHUDWLRQ

The work of RSWG and NRWG led to cooperation with the OECD -NEA and with the IAEA.
The Commission is endeavouring to help the Community EU Member States reach common
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positions in the framework of these international organisations so that Community
achievements are taken into account wherever possible at a wider international level. There is
active direct cooperation between the Commission and the IAEA with regard to the safety of
installations in the countries of Central and Eastern Europe and the former Soviet Union.
Likewise, the Agency is invited to participate as an observer in the activities of the
CONCERT Group.  These matters, and the roles of the OECD/NEA and IAEA themselves,
are considered further in Chapter 4.
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��� *HQHUDO�2YHUYLHZ

The Council adopted a second resolution on the technological aspects of nuclear safety on 18
June 1992 [3.1] (listed in Section 2). It was recognised that progress had been made towards
achieving ‘an equivalent and satisfactory’ degree of protection of the population and
environment from the operation of nuclear power plants, and encouraged continued co-
operation.  EU Member States were requested to ensure greater concerted effort in order to
arrive at a system of safety criteria and requirements recognised throughout the Community.
In addition, this Resolution adopted DV�WKH�IXQGDPHQWDO�DQG�SULRULW\�REMHFWLYH�RI�&RPPXQLW\
FRRSHUDWLRQ�LQ�WKH�QXFOHDU�ILHOG��that of bringing the nuclear installations in Central and
Eastern Europe, and those in the Republics of the former Soviet Union, up to safety levels
equivalent to those in practice in the Community.
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It is recognised in the Council’s Resolution, that there are no Euratom Treaty obligations on
the EU Member States to harmonise their nuclear safety criteria and regulations.  Instead, the
task given to the Commission was to encourage this process through dialogue and the
synthesis of information.

The report [3.2] noted a number of ongoing activities related to harmonisation between the
EU Member States, which were listed in Chapter 2 (page 15).

During this period the Commission has issued a number of reports, either from Working
Groups or Contractors.  As far as harmonisation is concerned these may be divided into
relatively general documents, and those addressing specific technical areas in more detail.
While there is some overlap between these two types of document, three of the first type have
been identified:

- 1995 Consensus Document on Safety of European LWR
- Licensing Procedures and Associated Documentation
- Implementation of the 25 Principles of Nuclear Safety in Different EU Countries.

In addition, a major international achievement during this period was the agreement and
signing of the Convention on Nuclear Safety by EU Member States and the Commission.

These key steps in the harmonisation process are considered in Section 3.2.  The technical
reports, indicating the level of harmonisation in specific areas, are considered in Section 3.3.
Most documents published as part of this activity indicate into which of the following
categories they fall: current practice, good practice or consensus document.  The definition of
these terms is as follows:

&XUUHQW�3UDFWLFHV�'RFXPHQW��A Current Practices Document results from a review of current
practices in different countries.

*RRG�3UDFWLFHV�'RFXPHQW��A Good Practices Document presents one or more different
approaches to reach safety objectives.

&RQVHQVXV�'RFXPHQW��A consensus document stresses the degree of harmonisation achieved
between practices and sets out the consensus in the Working Group.

Organisational matters are summarised in Section 3.4.  The impact of the EC-sponsored
research programmes is reviewed in Section 3.5, while Section 3.6 is concerned with relations
with the CEEC and NIS countries and the impact on harmonisation.  Section 3.7 considers
relevant EC legislation and resolutions related to nuclear safety.  Observations on the progress
towards harmonisation, based on the published reports, are given in Section 3.8.

��� 3URJUHVV�LQ�+DUPRQLVDWLRQ�²�2YHUYLHZ

The EC’s RSWG prepared the �����&RQVHQVXV�'RFXPHQW�RQ�(XURSHDQ�/:5V (EUR 16803,
[3.3]) published in 1996, updating the �����&RQVHQVXV�'RFXPHQW�RQ�WKH�6DIHW\�RI�/LJKW�:DWHU
5HDFWRUV (DOC WG1-88/P 17) [3.4] whose conclusions were published in the form of a
communication to the Council [3.5] – see Chapter  2.
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As indicated by its title the 1995 report is a Consensus Document according to the definition
in Section 3.1.  The 1995 report starts with the premise from the earlier work that

+DUPRQLVDWLRQ�RI�WKH�JHQHUDO�VDIHW\�REMHFWLYHV�>KDYH@�EHHQ�DFKLHYHG�DQG�WKDW�WKH\
>DUH@�FRPSDWLEOH�ZLWK�GHVLJQ�VSHFLILF�FULWHULD�ZKLFK�FRXOG�EH�GLIIHUHQW�IURP�RQH
FRXQWU\�WR�DQRWKHU�

On this basis, the 1995 report concentrates on two areas for which it had been recognised that
additional work was required:

- Evaluation of the off-site consequences for design basis accidents
- Consideration of accidents which could lead to severe core damage.

In addition, the 1995 Consensus Report covered safety in operation, including safety culture.

The report largely relied on activities carried out in a Community context but also integrated
results obtained in the framework of international organisations and groups (e.g. OECD/NEA,
UNIPEDE, INSAG).

The conclusions of the report in each of these 3 areas are as follows:

Off-site consequences for design basis accidents

It was concluded that there was still a lack of consensus on both methodology and data used
for licensing calculations.  This lack of consensus is attributed to different conservative
assumptions in the licensing approaches used in the different countries (eg assumed activity
of the primary coolant).  It is proposed that the consensus can be improved by using a more
realistic methodology for the evaluation.  Consideration of a realistic methodology, however,
highlighted differences of data and approach – eg in the criterion for cladding failure, the
partitioning of iodine, and the extent of containment bypass.  In some cases further
experimental work was required, and the use of accompanying probabilistic safety
assessments was recommended to relate the releases to the type of fault considered.

Consideration of severe core damage accidents

There was a wide consensus on the use of improved procedures for existing plants both for
accident prevention and mitigation, based on a symptom-oriented approach.  It was generally
agreed that, while some modifications to plant hardware may be reasonably practicable means
to prevent or mitigate severe accidents, these would be very design specific and it should not
be expected that different plants would adopt similar solutions.  It was noted that there was a
trend towards the objectives of reducing the core melt frequency and elimination of large
early releases for future plants, with PSAs used to assess and verify compliance with these
objectives.  It was noted that there was a ‘broad consensus’ that the design basis extension for
severe accidents should be based upon ‘best estimate calculations and sound engineering
practices’.

Safety in operation and safety culture

This topic covered a number of sub-areas as follows:
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In-Service Inspection, Maintenance and Testing, Ageing

It was noted that there are some differences in practical applications, but work
undertaken by ENIQ (European Network for Inspection Qualification) is helping
establish a European attitude for inspection qualification.  Similarly in the area of
ageing, attention is drawn to the activities of the European network for AMES
(Ageing Materials Evaluation and Studies).

Training

The importance of proper training and retraining of operators and maintenance
personnel is recognised as a major contribution to safety.  While the national safety
authorities all follow and assess the training, their role does vary from one country to
another.

Safety culture

Safety culture is recognised as important.  However, it is stated that, while some
concrete applications of safety indicators may be a positive contribution to illustrating
the enhancement of safety, safety culture cannot be quantified in all its aspects.

Overall the 1995 Consensus document concluded that there had been progress in all the areas
identified in 1988 as far as harmonisation was concerned.  A few areas had been identified
where some progress remains possible and useful, particularly for future plants.  The areas
proposed for new efforts were:

The ageing of existing plants
Continuing feedback of operational experience
Development of new technologies.

In fact the 1995 Consensus document does not appear to show great progress in
harmonisation, beyond that already achieved.  In the source term area the reasons for
differences of approach are recognised, but there is little incentive for regulatory bodies to
choose the same set of assumptions, particularly if the designs are different, and the state of
the art appeared insufficient to justify a best-estimate approach.  In the severe accident area, a
wide consensus had developed, reflected now in IAEA publications, that there was a need to
consider such accidents both in existing plants and in the design of future plants.  However
the cut-off criteria and the evaluation methods were not specified, beyond reference to PSAs.
It is noticeable that the document makes no reference to the questions related to PSA
validation and application in the licensing process as raised in 1993.  Existing networks were
identified as being drivers to harmonisation in the fields of inspection and ageing.  The
regulators had not adapted any specific measures in the area of safety culture.

No further overall consensus documents have been issued since 1995.  However, the level of
consensus and harmonisation evident from this and previous statements is equivalent to that
now pertaining at the international level, through activities supported by the IAEA and
sponsored by the European Commission.
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One of the relevant IAEA’s activities was the publication of the INSAG-3 report containing
IAEA’s 25 fundamental principles of nuclear safety. The state of implementation of these 25
safety principles in EU Member States was addressed in a Contractor’s report [3.6] issued in
1997�� This report documents the conclusions of a survey performed to determine how these
25 principles had been applied in EU Member States.  It contains the answers provided by
eight countries (Belgium, Finland, France, Germany, Italy, Netherlands, Spain and Sweden)
and includes a comparison of similarities and differences based on these answers.  Answers
provided give a general view and include a certain number of details about specific
implementation, although different organisations do not necessarily refer to the same details.
It is concluded that, although there are differences concerning specific implementation, the
EU Member States share a common stand.

In 1996 report No. EUR 16801, /LFHQVLQJ�3URFHGXUHV�DQG�$VVRFLDWHG�'RFXPHQWDWLRQ�
5HYLHZ�RI�&XUUHQW�3UDFWLFHV ref [3.7], was published.  It addresses the national regulatory
practices of only four Western countries, since the amount and complexity of information
provided through a questionnaire resulted in the NRWG Task Force deciding to limit the
scope of the study to France, Germany, the United Kingdom and Sweden.  Besides the
general description of licensing activities included in the study, it compares the similarities
and main differences between national practices. The study does not go beyond such
comparison, and it does not determine or recommend ways to harmonise licensing procedures
in Western countries.

The Convention on Nuclear Safety provides an important initiative at the international level
that was actively promoted by the European Commission in the framework of IAEA.  By its
nature, the Convention agreement is a general document.  In the context of the harmonisation
activities it

- reaffirms that the responsibility for nuclear safety rests with the state having jurisdiction
over a nuclear installation

- affirms the importance of international cooperation for the enhancement of nuclear safety
- recognises that this Convention entails a commitment to the application of fundamental

safety principles for nuclear installations rather than of detailed safety standards.

Besides adherence to fundamental safety principles, the Convention commits contracting
parties to review the safety of existing nuclear installations as soon as possible after the
Convention enters into force.

��� 3URJUHVV�LQ�+DUPRQLVDWLRQ�²�7HFKQLFDO�,VVXHV

As indicated in Section 3.1, various activities were carried out during the 1994 – 1999 period
with the support of expert groups including representatives of EU Member States’ regulatory
bodies, their TSOs (Technical Support (now called safety) Organisations) and industry which
have contributed to a practical harmonisation of general safety requirements for the design
and operation of nuclear power plants through the exchange of information and discussion of
specific national practices.

Common technical opinions expressed regarding certain safety issues in the documents
published by the European Commission concerning the implementation of the Council
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Resolution of 22 July 1975 and 18 June 1992 on the 7HFKQRORJLFDO�3UREOHPV�RI�1XFOHDU
6DIHW\�are not safety standards as such but are expected to promote good practice.

Along the lines of this 1995 consensus document and ongoing activities mentioned in the
report [3.2] and summarised in Section 3.2, technical reports have been published relating to
the following areas:

Accident analyses and off-site releases

• In 1999, report No. EUR 19256, )XHO�&ODGGLQJ�)DLOXUH�&ULWHULD�[3.8],�was published
addressing the issue of the amount of radioactivity released into the primary coolant in
the event of the limiting design basis large LOCA.  A previous study [3.9] did not reach
a consensus on the criterion to be used to determine whether the fuel cladding fails.  The
latest study has dealt with this subject and has contributed to reaching conclusions on
differences in approaches and obtaining the different points of view of experts from the
countries involved to produce a “good practice document” which summarises
similarities and differences in the methods applied.

• Another related report, the first one (final version published in 2001), completes this
work with the 'HWHUPLQDWLRQ�RI�WKH�LQ�&RQWDLQPHQW�6RXUFH�7HUP�IRU�D�/DUJH�%UHDN
/RVV�RI�&RRODQW�$FFLGHQW�[3.10]�and the second one published in 1997 (WG1-97/P17) a
&RPSDULVRQ�RI�6HYHUH�$FFLGHQW�&DOFXODWLRQ�0HWKRGRORJLHV��/2&$�ZLWK�&RQWDLQPHQW
%\SDVV��/RVV�RI�)HHG�[3.11]���Areas of agreement included, extending the list of
nuclides to be considered beyond iodine and the noble gases and that no credit could be
given for RCS retention.  There was agreement (except for France) on the percentage of
failed fuel that could be used in future licensing assessments.  There was agreement on
the release from damaged fuel.

• In 1999, also in the field of thermal hydraulic and radiological analyses, report No. EUR
18550 was published with a %HQFKPDUN�H[HUFLVH�RQ�WKH�3UREDELOLVWLF�6DIHW\�$VVHVVPHQW
�36$��RI�VWHDP�JHQHUDWRU�WXEH�UXSWXUH�UDGLRORJLFDO�UHOHDVHV [3.12] with a view to
identifying the non-core damage steam generator tube rupture consequences which
contribute most to risk. Previously were also published in 1994 report No. EUR 15615
describing 5HDOLVWLF�0HWKRGV�IRU�&DOFXODWLQJ�WKH�5HOHDVH�RI�5DGLRDFWLYLW\�IROORZLQJ
6WHDP�*HQHUDWRU�7XEH�5XSWXUH�)DXOWV [3.13] and in 1995 report No. EUR 16244 [3.14]
analysing 7KH�.H\�,VVXHV�LQ�7UDQVLHQW�$QDO\VLV�&DOFXODWLRQV�ZKLFK�$IIHFW�WKH
5DGLRORJLFDO�&RQVHTXHQFHV�IROORZLQJ�'HVLJQ�%DVLV�6WHDP�JHQHUDWRU�7XEH�5XSWXUH
$FFLGHQWV�

Probabilistic Safety Assessment
 
 Two documents have been recently published in the field of PSA, which contribute to the
harmonisation of EU practices, these are: +DUPRQLVDWLRQ�LQ�WKH�)LHOG�RI�6DIHW\�RI�1XFOHDU
,QVWDOODWLRQV�/HYHO���RI�3UREDELOLVWLF�6DIHW\�$VVHVVPHQW��36$���)LQDO�5HSRUW�[3.15] and
7RZDUGV�+DUPRQLVDWLRQ�RI�(XURSHDQ�3UDFWLFHV�LQ�36$�/HYHO���0HWKRGRORJ\�DQG�LQ�'DWD
&ROOHFWLRQ�SURFHVV�±�&XUUHQW�DQG�*RRG�3UDFWLFHV�[3.16]�
 
 The former is a study conducted mainly by a consortium of technical safety organisations of
certain countries.  The report recognises that PSA is an area where many differences exist
between the countries and between the PSAs performed, but it does not go into detail on the
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causes.  The recommendations on “best practices” are supported by the experience of the PSA
experts involved, although they may not conform with the opinion of their respective
organisations.  The wide spectrum of users to which the report is directed could be the reason
for the diverse nature of the recommendations.  These range from recognised practices such as
the independent peer review of a PSA, to a more specific detailed approach preferred by
consortium experts.  Other PSA practitioners may be reluctant to adopt the latter if it is not
justified for reasons of quality.  A global approach encompassing the different opinions has
been used to resolve any significant differences between the experts involved.  The task of
PSA harmonisation is directed to practitioners and decision-makers, although no clear
framework is defined for this objective.  Regarding PSA methodology, a common approach is
identified, together with the main deviations.  Regarding data collection, the methods take
account of plant specific considerations.
 
Operational safety

Several reports have been issued in this area.

• One dealt with the application of the aforementioned PSA studies to the optimisation of
in-service inspection and in-service testing practices.  This was report No. EUR 19153,
5HSRUW�RQ�5LVN�LQIRUPHG�LQ�6HUYLFH�,QVSHFWLRQ�DQG�LQ�6HUYLFH�7HVWLQJ�[3.17]�which
reflects current ISI practice in EU countries and summarises risk-informed state-of-the-
art ISI/IST in the EU/USA. It describes the benefits of new approaches and the pilot
studies performed to date and it proposes future activities to be carried out when more
experience is gained. It was considered too soon at that stage to prepare a document
describing good practices.

• Another report issued in 1999, EUR 17572 5HYLHZ�RI�SURJUHVV�LQ�WKH�KDUPRQLVDWLRQ�RI
(XURSHDQ�LQ�VHUYLFH�LQVSHFWLRQ�[3.18]� performs a detailed comparison of ISI techniques
applied in LWRs in France, Germany and the United Kingdom, for the detection and
sizing of defects in key primary circuit components.  Significant differences are
observed in the inspection philosophy and legal framework in each country.  It
concludes that the different methods of code evolution in each country, partially due to
historical factors, and the political sensitivity of the nuclear industry presents problems
for future progress in the harmonisation of existing codes.  The second part of the study
includes an analysis of ISI techniques applied in fast reactors, focused mainly on the
UK’s experience.  Particular attention should be paid to the part concerning the joint
European EFR project: the need to satisfy the licensing authorities in all participating
countries made it necessary to develop a common ISI philosophy and strategy.
Although no formal LMFR ISI codes exist in most of the participating countries, the
collaboration constitutes a major step towards defining a European standard for LMFR
ISI.

Leak-before-break

Three reports have been published dealing with the leak-before-break (LBB) concept.

In 1998 report No. EUR 17574, /HDN�%HIRUH�%UHDN�$VVHVVPHQW�RI�3UHVVXULVHG�&RPSRQHQWV,
[3.19] compared LBB methodologies in EU countries.  It was followed in 2000 by report No.
EUR 18549, (XURSHDQ�6DIHW\�3UDFWLFHV�LQ�WKH�$SSOLFDWLRQ�RI�/HDN�%HIRUH�%UHDN��/%%�
&RQFHSW�[3.20],and ref [3.21] 6XUYH\�RI�(XURSHDQ�/HDN�%HIRUH�%UHDN�3URFHGXUHV�DQG
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5HTXLUHPHQWV�5HODWHG�WR�WKH�6WUXFWXUDO�,QWHJULW\�RI�133�&RPSRQHQWV��&RPSDUDWLYH�$QDO\VHV
IRU�+DUPRQLVDWLRQ�3XUSRVHV��)LQDO�5HSRUW��&RPSDULVRQ�RI�1DWLRQDO�/%%�3URFHGXUHV�DQG
3UDFWLFHV��6XPPDU\�RI�5HVXOWV�DQG�3RWHQWLDO�IRU�*UHDWHU�+DUPRQLVDWLRQ��UHY����.

The two latter reports, developed in parallel, involved some of the same experts and provided
a general view on how LBB techniques have been applied in different EU countries.  Ref
[3.20] focuses on the analysis of the regulatory points of view, underlining the diversity in the
regulatory status and addressing state-of-the-art practices. Ref [3.21] extends the work team to
other specialists in VVER designs, addresses the differences in scope and approach, and
studies the technical differences of LBB procedures, partially screened through a benchmark
study.  The conclusions of the two reports show both a similarity and divergence in practices
and contribute to the harmonisation process mainly through the exchange of points of views.
Ref [3.21] carries out a detailed study of the conditions for implementing these concepts in
the operation of future plants and it provides specific technical recommendations where
further research and studies are necessary.

Non-destructive testing

Two reports concerning non-destructive testing were published in 1997.

Report No. EUR 16802 &RPPRQ�3RVLWLRQ�RI�(XURSHDQ�5HJXODWRUV�RQ�4XDOLILFDWLRQ�RI�1'7
6\VWHPV�IRU�SUH��DQG�LQ�6HUYLFH�,QVSHFWLRQ�RI�/LJKW�:DWHU�5HDFWRU�&RPSRQHQWV��(Revision 1)
[3.22], presents the common position of the regulatory bodies with regard to the need to
qualify NDT (Non-Destructive Testing) systems, taking into account existing verification
needs and legal requirements.

Report No. EUR 17299, (XURSHDQ�0HWKRGRORJ\�IRU�4XDOLILFDWLRQ�RI�QRQ�'HVWUXFWLYH�7HVWLQJ
�6HFRQG�,VVXH���(XURSHDQ�1HWZRUN�IRU�,QVSHFWLRQ�4XDOLILFDWLRQ [3.23]��develops the results of
the co-operation between European licensees and inspection companies to consider a similar
initiative to the USA programme to implement the modification of ASME Section XI known
as the PDI (Performance Demonstration Initiative) in order to provide the appropriate
procedures, facilities and infrastructures to qualify NDT systems.

Equipment Qualification

In 1998 Report No. EUR 17563, *XLGHOLQH�IRU�WKH�(YDOXDWLRQ�RI�(XURSHDQ�3UDFWLFHV�RQ�WKH
+DUVK�(QYLURQPHQW�4XDOLILFDWLRQ�RI�(OHFWULFDO�DQG�,	&�(TXLSPHQW [3.24], was published
presenting the main results of the work carried out during the 1993 – 1996 period with respect
to the development of guidelines for the qualification for harsh environments.  The report
provides a detailed comparison of the various practices used within the European Union for
the environmental (harsh) and seismic qualification of electrical and I&C equipment.  It does
not include mild environmental qualification.  The main conclusions of the work are related to
the existing obstacles to achieving a common qualification acceptance between countries,
without a case-by-case appraisal, leaving aside as a long term objective the achievement of
harmonised requirements across the European countries, which will involve the licensing
authorities.

Ageing
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A report 6DIH�0DQDJHPHQW�RI�133�$JHLQJ�LQ�(XURSHDQ�8QLRQ�[3.25]�issued in 2000 is a
strategy document that expands on and updates a previous report , 3UHSDUDWRU\�:RUN�IRU�DQ
,QGLFDWLYH�3URJUDP�UHODWHG�WR�$JHLQJ�,VVXHV�(WG1-97/P23, WGCS-96/P05) [3.26].  It
focuses on (a) the presentation of work performed under international auspices, (b) the
presentation of ageing management practices in three European countries (Belgium, France
and Spain) and (c) the comparison of these practices with international recommendations.  In
particular a comparison of UNESA methodology with IAEA and US methodologies is given.
In this study IAEA participated as an observer.  The conclusions summarise the similarities
and differences between ageing programs in these countries and compare them with
international recommendations. The report contributes to the harmonisation process mainly
through the exchange of points of views, the recompilation of general bibliography on ageing
and activities performed in the past, and recommendations based on existing practices.

Evolutionary Reactors

With reference to the safety issues of conceptual projects for the next generation of plants it
has been dealt with in June 1997’s report, 762�6WXG\�3URMHFW�RQ�'HYHORSPHQW�RI�D�&RPPRQ
6DIHW\�$SSURDFK�LQ�(&�IRU�/DUJH�(YROXWLRQDU\�3:5V�[3.27].  The study focussed on the EPR
project, but also considered other relevant projects outside Europe.  The final report presented
the common positions reached by the participating TSOs, evaluated the completeness of the
EURD (European Utilities Requirements Document) with respect to the same key issues and
discussed the feasibility of achieving a common European safety approach.

Safety Critical Software

Two reports have been issued on this topic:

Report No. EUR 19265, &RPPRQ�3RVLWLRQ�RI�(XURSHDQ�1XFOHDU�5HJXODWRUV�IRU�WKH�/LFHQVLQJ
RI�6DIHW\�&ULWLFDO�6RIWZDUH�IRU�1XFOHDU�5HDFWRUV [3.28], published in May 2000 is a consensus
document.  It first identified what were believed to be some of the most important and
practical issue areas, from a regulatory point of view, raised by the licensing of software
important to safety and, secondly, set out a common position on the basis for licensing and
minimal evidence which should be sought, a consensus on best design and recommended
practices and agreement on certain alternatives which may be acceptable.  This report
subsumes the previous one – report No. EUR 18158, (XURSHDQ�1XFOHDU�5HJXODWRUV¶�&XUUHQW
5HTXLUHPHQWV�DQG�3UDFWLFHV�IRU�WKH�/LFHQVLQJ�RI�6DIHW\�&ULWLFDO�6RIWZDUH�IRU�1XFOHDU
5HDFWRUV [3.29] – issued in 1998 in the previous phase.

National Standards for Manufacture

Several multinational projects concerned with fast reactors, have given the chance to compare
manufacture and different national standards, e.g. as in the report No. EUR 15280 4XDOLWDWLYH
&RPSDULVRQ�RI�1DWLRQDO�6WDQGDUGV��PDQXIDFWXUH��WHVW�DQG�TXDOLW\�VWDQGDUGV��ZKLFK�DUH�8VHG
IRU�WKH�&RQVWUXFWLRQ�RI�)DVW�5HDFWRUV�LQ�%HOJLXP��)UDQFH��*HUPDQ\��WKH�8QLWHG�.LQJGRP�
,WDO\�DQG�WKH�1HWKHUODQGV [3.30].  This report contains a detailed comparison of codes and
standards employed in these countries for fast reactors.  It describes the process involved in
each country in the establishment of rules and standards, performs a detailed qualitative
comparison, and determines that a worthwhile harmonisation in EU Member Countries can be
achieved although no framework for its implementation is suggested.  Along the same lines,
the EPR project has heightened motivation for European harmonisation of codes and
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standards. As part of the EPR program, a detailed comparison of the French RCC-M Codes
and the German KTA Codes resulted in a new harmonised code, namely ETC-M (EPR
7HFKQLFDO�&RGH�RI�0HFKDQLFDO�(TXLSPHQW).

A recent study pending publication, 3UHSDUDWRU\�ZRUN�IRU�DQ�LQGLFDWLYH�SURJUDP�UHODWHG�WR
WKH�(7&�0�&RGH�DQG�LWV�LPSDFW�RQ�D�IXWXUH�(XURSHDQ�+DUPRQLVDWLRQ (WGCS-00, [3.31]),
includes the development of a systematic methodology for analysing design and construction
rules.  It is aimed mainly at the design features for Class I components of LWRs.  A
comparison between ETC-M, RCC-M, KTA and ASME formed part of the study. It also
included a comparison between Sizewell- B (based on ASME III), RCC-M and KTA.  The
study finally provides a series of recommendations for a future indicative program for
examining advanced codes and organising a framework for contacts between European
parties, with EU support.

Some system design studies have been published comparing the EFWS (Emergency
Feedwater Systems) such as DOC WG1-94/P17, &RPSDULVRQ�RI�6DIHW\�6\VWHPV�IRU�0RGHUQ
3UHVVXULVHG�:DWHU�5HDFWRUV��$SSOLFDWLRQ�WR�WKH�():�6\VWHPV��Revision 1, November 1994
[3.32] and DOC WG1-97/P01, 6WXG\�5HSRUW�RQ�WKH�&RPSDULVRQ�RI�():�6\VWHPV� February
1997 [3.33].

��� 2UJDQLVDWLRQDO�0DWWHUV

The working groups CONCERT, NRWG and the RAMG have continued their activities
[3.34], [3.35] in their areas as indicated in Chapter 2.  A recent administrative change was the
disbanding of the RSWG and its replacement by the European Nuclear Installations Safety
Group ENIS-G [3.36].  This involves operators and regulators from both EU Member States
and candidate countries, and aims to promote integration of candidate countries into the
cooperation process and in implementation of a pre-accession strategy.  It thus addresses
harmonisation issues with the full participation of the candidate countries, unlike the RSWG,
which included EU Member States only.  This should help to speed harmonisation across a
wider range of countries and organisations.

��� 5HODWHG�(&�VSRQVRUHG�UHVHDUFK�DFWLYLWLHV

The EURATOM Treaty provides for the sponsorship of research.  The Commission funds
nuclear research through two processes – direct and in-direct actions.  The direct actions are
part of the programme of the Joint Research Centres, while indirect actions are performed by
other organisations.  Since 1992 the indirect action part of the research programme has been
carried out in a number of multi-partner projects.  In the 3rd Framework programme, which
for nuclear safety covered the period from approval of the programme in November 1991 to
30 June 1995, the programme was executed as a set of reinforced concerted actions.  The
main objective of the activities was

7R�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�VHYHUH�DFFLGHQW�SKHQRPHQD�DQG�WR�GHYHORS�D
FRQVHQVXV�DW�&RPPXQLW\�OHYHO�RQ�KRZ�WR�WUHDW�WKHP�[3.37]�

The individual proposals received by the Commission were grouped into a series of 8
projects.  Six projects were concerned with accident progression analysis (including fission
product behaviour); the others covered containment response and accident management
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support.  All projects produced State of the Art Reports – most of which were published by
the Commission.

The focus on severe accidents in the indirect action programme was a response to the view
that there was a need to develop greater understanding in this area for public acceptability.
Also the work would contribute to the design of reactors with greater capability against severe
accidents.

The 3rd Framework programme was very successful at bringing together European researchers
in severe accidents, who previously had interacted through their bilateral links with the
USNRC and through CSNI.  It led to much exchange of existing information and an
appreciation of the different views in the EU Member States.  In addition, some researchers
from Central and Eastern Europe were able to participate in the programme through the
PECO programme.  There were improvements in understanding severe accident phenomena,
but consensus at the Community level on how to treat them was not reached. In fact, in most
areas, direct application of the knowledge assembled as part of the 3rd Framework activities is
hard to establish.  Possible exceptions include the areas of hydrogen management and core
catcher development (MCCI project) where some countries have adopted measures for current
and future designs.

Significant efforts were made by the Commission to disseminate the results of the programme
through open publication as EUR documents and the FISA-95 meeting and its proceedings.  It
is claimed in [3.37] that “a systematic evaluation of the know-how before and after the
execution of the programme allowed to assess the progress made and to set priorities for
future research”.

The “Reinforced Concerted Action” approach – where the Commission was a minority funder
of the programme (mainly acting as a facilitator to encourage working together between
Community researchers), was replaced in subsequent framework programmes by the more
usual “shared cost” approach – whereby the Commission paid (usually) 50% of the costs of
the research.  These projects were accompanied by Concerted Actions, for which the
Commission paid co-ordination costs only.  For these later programmes the Commission
issued a call for multi-partner proposals against a specific work programme.  This led to a
more competitive approach amongst the potential contractors, as the calls for proposals were
over-subscribed.

In the 4th Framework programme, which ran from 1995 to 1999, there were 67 projects
covering the area of “Reactor Safety and Innovative Approaches”.  Two areas, innovative
approaches and ageing of structural components, were included besides severe accident
understanding and management.  However, the major part of the funding was still dedicated
to severe accident issues, particularly the in-vessel behaviour of degraded cores.

In more detail the scope of the 4th Framework research programme on reactor safety was as
follows [3.38]:

• Innovative approaches, with the aim to explore and develop new concepts for further
improving the safety of nuclear reactors.

- The focus was on experimental and analytical activities aimed at understanding
some of the key phenomena associated with the use of innovative passive safety
systems.
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• Severe accident understanding and management
- In-vessel core degradation and coolability
- The focus was on the integrity of the second barrier, particularly on the use of all

available water.
- Ex-vessel corium behaviour and coolability
- The focus was on research related to the development of ex-vessel core catchers,

particularly melt spreading
- Radiological source term
- These projects were aimed at providing data for accident mitigation methods; they

were related to the PHEBUS FP experiments, which were also supported in part by
the Commission.

- Containment performance and energetic containment threats
- These projects were mainly concerned with the hydrogen risk; they also covered

leakage and improvements for passive decay heat removal.
- Accident management measures
- These projects covered assessment methods for severe accident threats (PSA Level

2) and prevention/mitigation methods.

• Ageing of structural components, primarily irradiation embrittlement and changes in
mechanical properties.

Details of these projects have been published in annual progress reports.  The projects were
presented at the FISA meetings in 1997 [3.39] and 1999 [3.40].  In addition, an overview of
the whole programme was presented by Commission staff to the FISA-99 meeting [3.38].
This paper highlights a number of achievements of the programme, for example:

• Development of a European code of practice for reconstitution of irradiated Charpy
specimens used to monitor radiation embrittlement (RESQUE project)

• Development of guidelines for risk informed inspection in a project driven by the utilities
(EURIS project)

• Demonstration that a spontaneous steam explosion is very unlikely with prototypical
corium (MFCI project)

• Performance of spreading experiments with more than 2 tonnes of prototypical molten
corium (COMAS project)

• Improvement and application of methods to assess the feasibility and effectiveness of
severe accident mitigation methods (SAMEM project).

Highlights of the corresponding direct action programme include the melt-water interaction
experiments performed in the FARO and KROTOS facilities at JRC Ispra, and support for the
PHEBUS FP experiments and their interpretation.  (PHEBUS FP is a French project that is
providing data on fission product release and transport in prototypic conditions.)

The authors are not aware of any external assessment of the contribution of these projects to
reactor safety.  In some areas, such as ageing, the projects are likely to have a significant
long-term impact on the assessment methodologies; for other areas, it still appears that
research issues remain, and so the practical application of the results may be limited.  For
those in the various projects, the greater flow of information, and the use of EC funds to
support significant experimental efforts, has led to consolidation of a European perspective on
issues, although there is still significant evidence of different national priorities, related, in
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part, to the different reactor designs.  A down-side of the more competitive approach to
contracts is that other European organisations can be excluded from the emerging consensus.
While the Commission has encouraged publication of open reports (but actually published
less themselves than in the 3rd Framework) there are issues over IPR (Intellectual Property
Rights) that have not been fully resolved.  Although the EC supports projects, the IPR lies
with the individual project partners.  This can limit the availability of information to other
European organisations.  On the other hand, particularly in the severe accident area, the EC is
restricted in its access to information available to most EU Member States with nuclear power
programmes through their membership of international project groups such as ACE and
RASPLAV.

It has been Commission policy to encourage end-user involvement in the research
programme, and this has received greater emphasis in the current Fifth Framework
programme.  The Fifth Framework programme on “Operational safety of Existing
Installations” covers three main areas [3.41]:

• Plant Life Extension and Management Research, covering ageing by embrittlement and
corrosion (PLEM cluster)

• Severe Accident Management (although the individual projects are still largely
phenomena-oriented)

• Evolutionary designs.

The Fifth Framework projects involve partners from the accession countries (particularly the
Czech Republic and Hungary). Some utilities (mainly EDF and Fortum of Finland) are
represented on projects, as is Framatome (but not Westinghouse – now essentially a European
owned company).

One project of note in the severe accident management area is OPTSAM which is concerned
with establishing a comprehensive technical basis for the definition of source terms for
operating reactors across Europe, and use of the source terms as a means to evaluate severe
accident management strategies.  Such a project has the potential for establishing a European
consensus, which may be a step on the road to harmonisation (however, in this area local
political pressures are likely to dominate for the foreseeable future).

Another project that could impact harmonisation activities is the CEMSIS project from the
PLEM cluster.  This is concerned with developing a common approach within the EU to the
development and approval of “systems important to safety”, such as the control and protection
system.  It is noted that the replacement of simple analogue or discrete logic systems by
computer-based systems poses problems in their justification and the regulatory approval
process.

In the Evolutionary Reactors area, one project (EUROFASTNET) draws together a group of
mainly Technical Safety Organisations to assess the needs in the area of nuclear engineering
thermalhydraulics based on the main industrial challenges looking ahead over the next
10 years.  Such activities should encourage the harmonisation process.

In conclusion, the EC’s research programme on reactor safety, has, along with national
programmes, particularly in France and Germany, established Europe as the global centre for
severe accident research.  This has been driven, in part, by the desire to implement severe
accident mitigation measures in existing and future light water reactors.  The programmes
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have been very effective at enhancing communication between European organisations, but
there are fewer tangible benefits in terms of harmonisation (this was not a specific goal of the
programme).  The current research programme concentrates more on operational issues,
including inspection and ageing, and so may have a greater impact on harmonisation
activities.

��� 5HODWLRQV�ZLWK�&((&�DQG�1,6�&RXQWULHV

As discussed in Chapter 2, the 1992 Council Resolution on Nuclear Safety adopted WKH
EULQJLQJ�RI�QXFOHDU�LQVWDOODWLRQV�LQ�&HQWUDO�DQG�(DVWHUQ�(XURSH��&((&��DQG�WKRVH�LQ�WKH
5HSXEOLFV�RI�WKH�IRUPHU�6RYLHW�8QLRQ��XS�WR�VDIHW\�OHYHOV HTXLYDOHQW�WR�WKRVH�LQ�SUDFWLFH�LQ�WKH
&RPPXQLW\�as the fundamental and priority objective of Community cooperation in the
nuclear field.

As already noted earlier, the CONCERT and RAMG have been set up to strengthen the
regulators in the above countries.

The main instruments for achieving safety equivalence have been the PHARE (CEEC) and
TACIS (NIS) programmes of the European Commission, and G24 NUSAC.  It is not the
purpose of this report to review the achievements of these programmes.  However, their
implementation has had an impact on harmonisation, both within the EU, and with states
outside the EU – particularly those that are now candidate states for EU membership.

PHARE and TACIS projects have provided on-site support to utilities, and support to
regulatory and TSO organisations in the Beneficiary countries.  This assistance has covered a
number of areas, such as:

- Establishment of independent regulatory regimes and TSOs
- Strengthening of Regulatory Bodies
- Assessment of existing reactors to European standards
- Assessment of plant upgrades to meet modern safety standards (including some financing

of upgrades)
- Development and validation of assessment methods for Russian-designed plants
- Consideration of beyond design basis accidents, prevention and mitigation
- Transfer of know-how for safety assessment
- Evaluation and development of safety criteria
- Development of database, input decks for computer codes, validation of computer codes

used for safety analyses
- Performance of safety analyses, elaboration of studies (deterministic and probabilistic).

In many projects the EU support has been provided by a consortium of organisations drawn
from different EU Member States.  This has led to increased understanding of the approaches
taken in the member countries although it has also highlighted the lack of a common approach
in some areas.

A typical example is the PHARE project SC 97/31, “Topical issues concerning accident
analysis methodologies and management”, supporting the Hungarian Regulatory Authority
and its TSOs in licensing assessment of specific plant improvements.  The project focused on
development of accident management procedures, of coupled 3D neutronic-themohydraulic
codes and of best-estimate methodologies for licensing.  Each of these tasks included a review
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of the approach used in the participating EU countries and, based on that, a proposal had to be
formulated for application in the project.  This needed concerted approaches in different EU
countries.  However in some cases – e.g. in defining best-estimate methodology for licensing
analysis, the proposals did not seem to be very convincing because of divergences in practice
within the EU countries.

Similar conclusions can be drawn in the case of the PHARE project 4.2.6a (95-1056.00),
“Accident analysis – DBA analysis improvement”.  The project included a review of the DBA
analyses performed in the three beneficiary countries, Czech Republic, Hungary and Slovakia
that allowed an assessment of the approaches adopted.  The main aim was to develop a best-
estimate methodology for LBLOCA and ATWS analysis based on the ATHLET code.
Although the discussions led to harmonisation of the sometimes diverging opinions of both
EU and Beneficiary countries again the final result was not completely convincing.

These projects have provided a stimulus for harmonisation in the EU Member States.
However, the Court of Auditors noted in their assessment of the programme for the period
1990 to 1997 that

$W�WKH�HQG�RI�������RZLQJ�WR�WKH�DEVHQFH�RI�D�ELQGLQJ�OHJDO�EDVLV��WKHUH�ZDV�VWLOO�QR
IRUPDO�FRQVHQVXV�DW�(XURSHDQ�OHYHO�FRQFHUQLQJ�WHFKQLFDO�VWDQGDUGV�LQ�WKH�DUHDV�RI
GHVLJQ�DQG�RSHUDWLRQDO�VDIHW\�RI�QXFOHDU�LQVWDOODWLRQV�

They further observed that

0RUHRYHU��DW�WKH�HQG�RI������WKHUH�ZDV�QR�PHWKRGRORJ\�WR�HQDEOH�DQ�RYHUDOO
HYDOXDWLRQ�RI�WKH�SURJUHVV�RI�WKH�VDIHW\�DUUDQJHPHQWV�DW�HDFK�SODQW.  (This was neither
for safety standards nor for the evaluation of assistance projects.)

and concluded that

3ULRULW\�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�GHYHORSLQJ�DQG�XVLQJ�LQGLFDWRUV��LQ�FROODERUDWLRQ
ZLWK�WKH�,$($��WKDW�ZLOO�HQDEOH�WKH�HIIHFWLYHQHVV�RI�WKH�SURJUDPPHV�DQG�VDIHW\
GHYHORSPHQWV�DW�HDFK�SRZHU�SODQW�WR�EH�PHDVXUHG�

The Commission made no response on the lack of European technical standards.  However,
they stated that

:KLOH�VWUHVVLQJ�WKH�IXQGDPHQWDO�GLIILFXOW\�WKDW�H[LVWV�LQ�PHDVXULQJ�WKH�UHVXOWV�RI�DQ
DFWLRQ�ZKLFK�LV�OLPLWHG�LQ�WHUPV�RI�QHHGV�DQG�ZKLFK�LQ�ODUJH�PHDVXUH�FRQFHUQV�WKH
VDIHW\�FXOWXUH��LW�VKRXOG�EH�PHQWLRQHG�WKDW�VHYHUDO�VRXUFHV�KDYH�FRQILUPHG�WKDW
SRVLWLYH�UHVXOWV�KDYH�EHHQ�DFKLHYHG�

This statement may be supported by the generally positive view taken of regulatory regimes
and operating (upgraded) plants in the candidate countries by the Council of the European
Union [3.42].  Much of this is due to the assistance programmes coupled with local pressures
for improvement.  This illustrates that the harmonisation on basic principles with CEEC
countries and NIS countries has been achieved.

However, the comments, and differences in viewpoints on some designs of reactor, reflected
the problems of not having a common yardstick to judge reactor safety.  In principle, PSA
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provides this tool, but there are significant differences in its use and views on its validity in a
regulatory framework between EU Member States.  This reflects differences of opinion
between countries, but also between different experts in the nuclear arena.  The practical use
of PSA probably depends on where the goals are set – it is much easier to justify probabilities
at the 10-4 per annum level, than 10-7 per annum, as there have now been 104 years of reactor
operation (with 2 major accidents in power producing reactors).  However regulatory bodies,
and the general public, are now seeking assurances at the lower levels of probability.

Despite the absence of a yardstick, the EC and other international initiatives, have led to
greater harmonisation with the other European countries in nuclear safety.

��� 6XPPDU\�RI�/HJLVODWLRQ�DQG�5HVROXWLRQV�������²�����

The basic legislation has not changed since the EURATOM Treaty was signed in the 1950s.
The Treaty’s main concern was the promotion of a new energy source – nuclear power.  The
treaty makes no specific mention of aspects such as the operational safety of nuclear power
plants and safety aspects are more focused on aspects such as the health of workers and the
general public arising from ionising radiation (Chapter 3 of the EURATOM Treaty).

Legislative activities carried out during the 1994 – 1999 period are in full consonance with
the EURATOM Treaty.

On 13 May 1996, Council Directive 96/29/ EURATOM was issued revising basic safety
standards for the protection of workers and the general public’s health from dangers arising
from ionising radiation. This council directive set out Recommendation No. 60 of the
International Commission on Radiological Protection concerning radiation protection as a
legal instrument of the European Union. A later communication (ref OJ C133, 30/4/98) was
also published to assist EU Member States in translating this council directive into national
law.

On 3 March 1997 Council Directive 97/11/EC was issued amending previous directive, No.
85/337/EEC, on the assessment of the effects of certain public and private projects on the
environment. In particular, this new directive strengthens provisions concerning
environmental impact assessment in a transboundary context of projects subject to the
directive (nuclear power stations are identified among the projects requiring an environmental
impact assessment).

On 14 May 1998 the Committee of the Regions issued a resolution (98/C 251/06, PJ C251
p 34, 10/8/98) on 1XFOHDU�6DIHW\�DQG�/RFDO�5HJLRQDO�'HPRFUDF\�recognising the problems
facing Central and Eastern Europe arising from the safety upgrading of outmoded reactors.
(Note that such resolutions have no legal status.)  This resolution identified the need for
improved co-ordination between European organisations concerned with nuclear safety and
indicated that the effective control and safety of nuclear installations in Council of Europe
Member States should be guaranteed in an impartial way and independently of energy
producers.

Several communications have been issued concerning nuclear safety and enlargement in
Central and Eastern Europe, the most recent one was COM(2000)493 of 6/9/2000 [3.35]
providing an update and presenting the Commission’s current approach in the area of nuclear
safety in Central and Eastern Europe and Newly Independent States.



$($7�5�36(*�����

$($�7HFKQRORJ\ ��

��� 3URJUHVV�LQ�+DUPRQLVDWLRQ�GXULQJ�WKH�3HULRG����������

The following provides a short assessment based specifically on the reports reviewed.  More
general assessments are given in Chapters 5 to 7.

As stated previously, there has been no significant legislative progress towards harmonisation,
completely in keeping with the fact that the EURATOM Treaty makes no specific mention of
such aspects as the operational safety of nuclear power plants.

However, consideration of other activities performed during the 1994-1999 period presents a
far more complex perspective from which certain conclusions can be reached.

Despite the objective to harmonise criteria and practices between EU countries, most of the
studies address the differences in terms of technical approach and regulatory requirements
between EU countries, and the progress made towards harmonisation.  However, since no
framework for the implementation of such harmonisation is established, the studies are
limited to the exchange of points of view and to creating greater awareness of the positions
held by member countries. This may help towards harmonisation in the EU, but it will be a
long-term process.  There are some specific examples where progress has been made, e.g.
NDT and safety critical software.

The specific circumstances of each country, in the process followed to achieve a regulatory
position on a technical issue, constitute the main source of differences when it comes to
implementing nuclear power programmes.  The specific approach of each country reflects the
different points of view: (a) regulator, utility and supplier and (b) state of the art of the
technology/country at a certain moment and  (c) feedback based on a country’s own operating
experience. For instance, the main differences between LBB approach implemented in some
European countries with LWRs of US origin with respect to that followed in Germany, result
from the independent regulatory process applied by different organisations and within very
different technological background or context; posterior harmonisation of resulting different
regulated technical approaches is not usually justified from a cost/benefit point of view.
Progress in harmonisation among EU countries in well-balanced areas without a clear positive
cost/benefit result seems very difficult, as the majority of the studies directly or indirectly
state.

It is different in the case of other processes where the need to agree to a common approach to
multinational programmes, e.g. LMFR or EPR projects, has fostered a harmonised process
between the parties involved.  A similar result is obtained when new technologies are
introduced in all EU countries at the same time, e.g. safety-critical software.  But even in
these cases, delays in the implementation by each country or different goals of the parties
involved can result in significantly unharmonised approaches, e.g. in probabilistic safety
analysis.

Many studies confirm that the approaches followed in EU countries with nuclear power plants
from US suppliers are harmonised, while a lower level of harmonisation exists between
countries with their own national designs.

Harmonisation between approaches has worthwhile advantages but it cannot be achieved
unless the naturally existing forces, which tend towards diversity, can be overcome.
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Difficulties vary depending on the nuclear safety area, so the recommendations for progress
towards harmonisation will be different depending on the specific circumstances of each
technological area. For instance, recommendations for harmonising new reactors or
technologies, or even to address new safety issues for current operational plants, are more
easily established and implemented than to harmonise well-established licensing issues in
operating nuclear power plants.
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The IAEA has established a wide-ranging programme [4.1], [4.2], [4.3] to promote the safe
use for civil purposes of nuclear power reactors in its EU Member States.  The Medium Term
Strategy [4.1] draws attention to the need to cooperate with other international bodies such as
the OECD/NEA and WANO, as well as encouraging technical cooperation amongst
developing countries.

The programme includes the development of safety standards for nuclear reactors, radiation,
waste and transport safety and the revision of existing ones.  It includes publications of Codes
of Practice and specific Safety Guides within the NUSS programme.

The NUSS documents are recommendations issued by the Agency for use in EU Member
States.  In general there is no requirement for a country to use NUSS standards in a formal
way, with the exception of certain conditions contracted with the IAEA.

Five Codes of Practice have been released covering the following topics:

1. Governmental organisation for the regulation of nuclear power plants
2. Safety in nuclear power siting
3. Design for safety of nuclear power plants
4. Safety in nuclear power plant operation
5. Quality assurance for safety in nuclear power plants.

The codes of practice establish the objectives and minimum requirements that should be
satisfied to provide adequate safety for the nuclear power plants.
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The present IAEA NUSS Programme is subdivided into the following five main sections:

1. General Safety including fundamentals, emergency preparedness and response, legal and
governmental infrastructure, quality assurance

2. Nuclear Safety including design of power plants, operation of power plants, site
evaluation for power plants, research reactor safety

3. Radiation Safety
4. Radioactive Waste Safety including infrastructure, discharges, disposal and rehabilitation
5. Transport Safety.

The Safety Guides (more than 50) describe acceptable methods of implementing specific parts
of the relevant Codes of Practice.  However, they are not necessarily considered as exhaustive
descriptions of procedures and solutions to answer relevant safety questions.  NUSS
documents largely focus on the issues and the safety goals to be warranted.  They correspond
to a large number of different national regulations and technical standards that are developed
in member countries to a level of detail which cannot be fully reflected in the NUSS
documents.  The methods, e.g. the analytical tools and the assumptions on how to properly
use them, may vary from case to case - corresponding to the reactor type- and/or from country
to country - corresponding to national practices.  Methods and procedures are considered
acceptable provided the adequacy of the methods can be demonstrated.  Final decisions and
the legal responsibilities in any licensing procedure or operational inspection procedure
remain with the national regulatory bodies.

As an example of a typical follow-up step towards "Harmonisation of understanding safety"
the "Guidelines for the WWER 440/213 Containment Evaluation" drafted in the frame of
IAEA activities could be mentioned.  These particular Guidelines have been set up in
connection with the IAEA Safety Guide No.50 SG-D12 "Design of the Reactor Containment
Systems in Nuclear Power Plants" and are specifically devoted to the evaluation of a
containment with a bubbler condenser system for which hitherto no detailed
recommendations were available.  They provide information on current approaches of the
regulatory authorities in different countries in reviewing various containment systems during
licensing processes.  These guidelines have been primarily drafted as assistance for review to
be conducted by the national regulatory authorities.  They may also help to prepare and
execute the necessary safety analyses as guidance to power plant operators and the nuclear
industry.  Such an activity may be considered as an advance step on the road to harmonise
design principles, assessment procedures and acceptance criteria within the nuclear
community, given that all final decisions in regulatory matters remain the responsibility of the
national regulatory bodies.

���� 2(&'�1($

The OECD/NEA was established in 1958 and presently involves 27 member countries.  It
assists its member countries in maintaining and further developing the scientific,
technological and legal basis required for the safe and economical use of nuclear energy [4.4],
[4.5].  The current Strategic Plan [4.4] specifically mentions harmonisation and convergence
on safety issues.  It aims to involve Russian expertise where this is to mutual benefit, and
indicates methods of co-operation with the IAEA and the EU (which participates in NEA
activities through Article 13 of the OECD Convention).
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The NEA works on the basis of a Standing Technical Committee Structure, the committees
decide their programme of work under the guidance of a Steering Committee.  Each
Committee calls for the formation of Working Groups and/or Expert Groups to allow the
necessary work to be done in detail.

Of relevance in regard to the fostering of harmonisation efforts, the following Committees
should be mentioned:

1. Committee on Nuclear Regulatory Activities (CNRA)
2. Committee on the Safety of Nuclear Installations (CSNI)
3. Committee on Radiation Protection and Public Health (CRPPH)
4. Radioactive Waste Management Committee (RWMC)
5. Nuclear Development and Fuel  Committee (NDC)
6. Nuclear Law Committee (NLC).

These Committees and their associated Working Groups provide members with access to
information and to the experiences of others.  They also promote the development of common
technical views and co-ordinate approaches on matters of mutual interest.  These activities are
prerequisites for proceeding towards the harmonisation of rules and safety guidelines within
the nuclear community.  The activities of CNRA, CSNI and CRPPH are described in more
detail below.

�������&15$�$FWLYLWLHV

The CNRA assists NEA member countries in maintaining and further developing efficient
and effective nuclear regulation that is based on current technical and regulatory knowledge,
with priorities on nuclear reactors and other civilian nuclear installations.

One area that requires continuing and specialised attention is that of inspection practices.  The
CNRA has set up a Working Group to exchange information and experience on inspection
practices for nuclear facilities in order to maintain and improve the levels of safety in
operation and maintenance of those facilities.  The Working Group also reviews the existing
state of the art on selected topics in this area.

To strengthen and elevate the status of regulatory bodies in CEEC/NIS countries, the CNRA
has established a link with the Association of Regulatory Bodies of countries operating the
various WWER reactors.  The CNRA and the Association invite each other to attend their
regular meetings.

In view of "harmonisation" the most important tasks include:

• Periodic exchange of information and experience
• Comparisons of national regulations
• Review of current practices and safety experiences in the member countries
• Review of developments which could affect regulatory requirements, with the objective of

providing better understanding of motivations for making changes and improvements.
 
CNRA produces reports, and organises meetings and workshops on relevant subjects.  Special
topical meetings are held annually to discuss issues of particular interest.  The CNRA also
discusses issues presenting new or increased challenges to regulators over the next decade,
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e.g. as a result of ageing of nuclear power plants, or as a consequence of deregulation of the
electricity market.

Some more recent state of the art reports deal with e.g.:

• Regulatory Problems with ageing reactors (1998)
• Future Nuclear Regulatory Challenges (1998)
• Review Procedures and Criteria for Different Regulatory Applications of PSA (1997)
• Technical Support for Licensing of Computer-based Systems important to Safety (1996)
• Regulatory Approaches to Severe Accidents (1994).

CNRA activities are influential on issues of common interest in the regulatory practices in
NEA countries and more recently in CEEC/NIS countries.  Although there is no direct link to
national regulations, it contributes greatly to the common awareness of existing problems not
yet completely resolved.  Thus, CNRA has contributed to "Harmonisation" and will continue
to do so.

�������&61,�$FWLYLWLHV

The CSNI provides a broad forum for the exchange of technical information on nuclear safety
research and operating experience.

Having in mind "harmonisation", the CSNI activities focus on the technical background to
develop common technical positions on current safety issues and to assess the status of
associated research in its member countries.  Detailed in-depth discussions take place within
the framework of specialised CSNI Working Groups with the aim of approaching a common
technical understanding (develop a consensus opinion) on selected topics of nuclear safety
technology and/or safety assessment methodologies.  Existing discrepancies in understanding
and/or interpreting the technical background for regulatory decisions become apparent, and
obvious reasons for such observations are investigated.

Working principles of CSNI promote:

• Forming a network for information exchange
• Attempting consensus on specified issues
• Attempting consensus on research needs and priorities to close gaps in knowledge
• Offering qualification of analytical tools
• Providing sponsorship of international projects.
 
During the last decade the following CSNI Principal Working Groups have existed, focussing
on the design of safety devices, and specifically on the background of Design Basis Accident
considerations:

1. PWG1 Operating Experience and Human Factors
2. PWG2 Coolant System Behaviour
3. PWG3 Integrity of Components and Structures
4. PWG4 Confinement of Accidental Radioactive Releases
5. PWG5 Risk Assessment
6. Specific Group on Fuel Safety
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7. Specific Group on Co-operation and Assistance with CEEC and NIS Countries.

Detailed in-depth discussion on particular issues takes place within technical subgroups
associated with their parent PWG, and in Specialist Meetings and Workshops.

Temporary Support Groups have been set up to identify needs for safety research in
CEEC/NIS countries, to share experience accumulated in OECD countries, and to encourage
and evaluate R&D proposals.  These have dealt with:

• VVER-440/213 Bubbler Containment Research Needs
• VVER oriented Thermal-hydraulic Code Validation Matrix
• Support for the Thermal-hydraulic Behaviour of VVER-1000 Coolant systems (PSB-

project)
• Supplementary Research Needs for Russian-designed Reactors.

The latter Groups from the very beginning involved numerous specialists from the CEEC/NIS
Countries to provide information on the situation existing in their countries.  They are
efficiently collaborating with the specialists from the OECD countries.

More recently, the central working topics have been modified and adopted by the Steering
Committee to reflect better the earlier achievements and to focus better on the remaining open
issues. The new Working Groups are:

1. Operating Experience including Fuel Cycle Safety
2. Analysis and Management of Accidents
3. Integrity and Ageing of Components and Structures
4. Risk Assessment.

They have been formed in an attempt to streamline the work of the earlier PWGs and to
concentrate on issues important for the reduction of residual risks associated with the
operation of nuclear power plants.  In addition, two special Expert Groups have been created:
on Human and Organisational Factors, and on Fuel Safety Margins.

The main part of CSNI work has been and will be concerned with the safety technology of
water reactors and their fuel cycles.

The working methods of the Principal Working Groups and their subgroups include:

• Technical position papers on special issues
• Technical notes on matters of interest in connection with risk-dominating effects
• SOARs (State of the Art Reports) on specific topics
• Basic organisation of ISPs (International Standard Problems) [4.6] exercises and reports on

the results obtained
• Code validation matrices for technical areas requiring extensive use of analytical

simulation models (codes) in the framework of regulatory activities
• Basic organisation and interpretation of Round Robin Test results, in collaboration with the

Joint Research Centre of the European Communities at Ispra
• Basic organisation of Workshops, Specialist Meetings and/or Seminars on selected topics

and reports on their results.
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Over the last 25 years the NEA CSNI has sponsored considerable international activities to
promote the exchange of experience between its member countries in the use of analytical
simulation codes and testing materials.  A primary goal of these activities is to increase the
confidence in the scientific and technological background of nuclear safety criteria, rules and
guidelines and applied assessment methods and to create a common knowledge basis for their
application.

Commonly agreed tasks, e.g. drafting SOARs, organisation of workshops and seminars may
be considered as important contributions to facilitate a common understanding of the physical
background of safety goals and criteria in participating member countries.  Dissemination of
information also helped to avoid duplication of research, thus enhancing its cost-
effectiveness.  Cooperative research efforts performed in the frame of OECD/CSNI invited
experts from several countries to participate in expensive projects, e.g. the International
LOFT project or the Halden Reactor Project, thus allowing an immediate transfer of new
findings to participating countries and their regulatory bodies.  In addition, CSNI activities
supported countries with little or no national safety research of their own in exchanging
technical information on research results generated in countries with larger safety research
activities.

SOARs have been issued addressing for example severe accident related topics, such as
HPME (High Pressure Melt Ejection) and DCH (Direct Containment Heating), emergency
core cooling systems, hydrogen distribution, Level 2 PSA methodology and SAM (Severe
Accident Management) practices and uncertainties.  These reports provide insights into what
has been confirmed by experiments and related extensive analysis, and what remains
uncertain, requiring further assessment and/or research efforts.  Other areas covered are
design basis accidents and fuel performance in normal operation.

More than 40 ISP exercises have been helpful in identifying code application problems and in
amplifying contacts between experimental and analytical working communities on an
international level.  Experience in comparing analytical with experimental data enabled code
users, who frequently work on behalf of the regulatory bodies, to recognize strengths and
weaknesses of their analytical tools applied in licensing procedures.  Several ISP experiments
have been incorporated into code validation matrices based on numerous systems and
separate-effects tests selected to support analytical code design and validation.

Another category of cooperative studies are so-called Round Robin Tests serving to compare
NDT or inspection techniques on materials or material probes to identify the properties and/or
quality of such probes.  The final destructive inspection of the probes served as the objective
yardstick to group or classify NDT results submitted by participants to such exercises.

�������&533+�$FWLYLWLHV

The CRPPH has a wide range of responsibilities for the implementation of the NEA
programme in the field of radiation protection.  NB. Radiation protection is out of the scope
of the report because harmonisation is enforced through EU legislation – a brief mention is
given here for completeness.  One of the main goals of the CRPPH is to seek international
understanding and guidance, in support of the national authorities, on questions of common
concern regarding the interpretation and implementation of ICRP recommendations and other
international standards in the various fields of radiation protection, and to contribute to the
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development of harmonised positions in this field.  Furthermore, it keeps under review and
contributes to the advancement of the State of the Art in the field of radiation protection at the
scientific level.  It also promotes the preparation of authoritative advice and reference
documents for use by national authorities and policy makers in those areas where
international consensus on radiation protection concepts and practices are required.

For the case of accidents and especially in the probabilistic safety assessment there is clearly
an interlink between nuclear safety radiation protection as the final indicator for the
consequences of accidents and the economic consequences.  To overcome the difficulties in
applying basic radiation principles to unexpected events, the ICRP has developed its
publication ICRP64 for application in so called potential exposure situations.  CRPPH has
contributed actively to the preparation of several reports and to the arrangement of discussion
seminars to develop further the linking of nuclear safety and radiation protection approaches.

The reports and studies sponsored by CRPPH in co-operation with other international bodies
have greatly helped to identify the difficulties in applying radiation protection principles and
to develop revised procedures.  In particular, the interface with nuclear safety approaches in
the area of potential exposures to low probability accidents continues and requires much
further work.

�������1/&�$FWLYLWLHV

The NLC is a highly focused group of specialists, comprising lawyers, policy makers,
academics and from time to time, technical experts.  Its terms of reference centre upon the
interpretation, improvement and modernisation of the international nuclear liability regime,
primarily through a consideration of the Paris Convention, the Brussels Convention
Supplementary to the Paris Convention on the Joint Protocol relating to the Application of the
Vienna Convention and the Paris Convention.  Amongst others, the following areas are
covered:

• Modernisation of the International Liability Regime
• Analysis and Dissemination of Information on nuclear legislation, jurisprudence,

international agreements and other relevant developments in the field of nuclear law
• Co-operation with, and assistance to, the countries of Central and Eastern Europe and the

newly independent States in the field of nuclear law.

��� :(15$

WENRA has been founded quite recently (1999) by the heads of the Nuclear Safety
Authorities of Belgium, Finland, France, Germany, Italy, the Netherlands, Spain, Sweden,
Switzerland and the United Kingdom.  Its main objective is the development of a common
approach to nuclear safety and regulation, in particular in the European Union, with the aim to
provide an independent capability to examine nuclear safety and regulation in applicant
countries.   It seeks to evaluate and achieve a common approach to nuclear safety and
regulation in applicant countries, and to evaluate a common approach to issues which may
arise in this context.

WENRA has produced a report “Nuclear Safety in EU Candidate Countries” in November
2000, and is currently preparing an addendum to this report explaining the applied evaluation
principles in more detail. It has also set up a group with a particular mandate to study in more
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detail any significant differences that may exist between countries with regard to safety
requirements for existing reactors of different designs and to suggest an approach for
harmonised resolution of the issue.

WENRA is co-operating with the CNRA committee of the OECD/NEA in order to prevent
overlapping of their activities.  Unlike CNRA, WENRA focuses only on European,
particularly EU, related issues.

��� 6XPPDULVLQJ�$VVHVVPHQW

The main international activities, apart from those of the European Commission, are
dominated by the IAEA and the NEA of the OECD.  Both organisations provide extensive
documentation on safety matters, the status of which may be ascertained by publicly available
lists on their respective websites.

The IAEA, working on a world-wide basis for several decades has successfully established
general safety criteria and standards (NUSS) for the operation of existing and design of future
reactors by developing internationally agreed safety objectives and principles, and by the
publication of a series of safety standards.  Although not mandatory for IAEA member
countries, IAEA standards and guidelines are very influential on the work of national
regulators in dealing with nuclear safety.

The OECD/NEA as an intergovernmental organisation brings together the developed
countries of North America, Europe and Asia in a non-political forum with a well streamlined
focus.  Its main strength lies in the dissemination of scientific-technical information on actual
safety issues by organising regular meetings, workshops, SOARs and ISPs and in the frequent
exchange of information on matters of national regulation.  The strategy of the NEA includes
co-operation in these fields with the EC and the IAEA.  In agreement with its member
countries, the NEA is increasingly promoting the transfer of knowledge to CEEC and NIS
countries.  In this sense, the activities of IAEA and OECD/NEA are supplementing each other
with only little visible overlapping.

Overall, the IAEA and OECD/NEA activities provide a number of elements complementary
to the ongoing intentions of harmonisation at the level of the European Community.  IAEA
and OECD/NEA bring together members from their different member countries and each
aims to define and recommend commonly agreed practices and positions within its sphere of
activity.  The activities are complementary between themselves and those of the EU because
the focus of each organisations’ activities is very different, as discussed above.
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Over the last 40 years a nuclear industry has been established in Western Europe with
common approaches in the field of safety, waste management and radiation protection [5.1].
Nuclear safety technology and nuclear safety management techniques have been developed to
a high degree of maturity over the past decades, particularly in the OECD countries.
Principles and tools to achieve a very high level of safety include:

• Established design principles based on the defence in depth concept, to provide protection
against a variety of events such as equipment failures and human errors, as well as events
initiated outside of the plant.

• Established methods to evaluate the capability of a NPP to cope with a variety of event
sequences by using both deterministic and probabilistic methods.

• Established principles for high quality safety management, including safety policies,
organization, staffing and corporate attitudes with regard to safety (i.e. safety
culture)[5.2].

Application of these tools resulted in a good safety record in OECD countries.  International
co-operation on analysis and feedback of operating experience, especially after TMI-2 has
been an important contributing factor to this good safety record.

��� ([SDQGLQJ�,QWHUQDWLRQDO�&ROODERUDWLRQ

In the EU the responsibility for nuclear safety rests with the State where a nuclear installation
is located. Although the potential for transboundary consequences from accidents was
recognized early on, the 1986 Chernobyl accident and the political changes in the following
years led to the definition of an integrated international approach to all aspects of nuclear
safety. This common legal and regulatory approach is described in the IAEA &RQYHQWLRQ�RQ
1XFOHDU�6DIHW\ adopted in June 1994.  The governments, who have ratified, commit
themselves to:

1. Maintain an appropriate legislative and regulatory framework to govern the safety of
nuclear installations according to internationally recognized principles and practices.

2. Ensure that there are adequate financial resources and qualified staff to support the safety
of nuclear installations under its jurisdiction.

3. Periodically prepare National Reports including a self-assessment with respect to the
Convention obligations, and to subject its National Reports to a peer review by other
Contracting Parties [5.3].
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The so-called incentive-oriented &RQYHQWLRQ applies to land-based civil nuclear power plants
and is based on general safety principles [5.4], [5.5]. Detailed standards are not suitable for
covering the diversity of the plants in operation and in development. Although the convention
cannot be viewed as a panacea or quick fix, it is considered to be a positive step towards
improving the international nuclear safety.

During the first review meeting of the Nuclear Safety Convention, held in April 1999, the
Contracting Parties concluded that the process of self-assessment and mutual review proved
to be of great value [5.3]. The first meeting has set the base line for the future and the
commitment contributes towards a continuous learning and improving process. The submitted
National Reports are a valuable source of information in comparing the different national
implementations of the nuclear safety principles.

��� +DUPRQLVDWLRQ�RI�(8�1XFOHDU�6DIHW\�5HTXLUHPHQWV

,QWURGXFWLRQ

The Euratom Treaty, signed in 1957 and the Council Resolutions of 1975 [5.6] and 1992 [5.7]
promoted the civilian use of nuclear energy, and fostered research and technological
development in the European Community.  Pooling of resources within the EU (know-how,
infrastructure, financing and control) has stimulated the European research and industrial
development in mastering the nuclear fuel cycle [5.8]. The shared interest of European
countries in the development of applications of nuclear energy has been an important stimulus
in harmonising safety approaches at national level. In support of this harmonisation, the
Commission initiated working groups (RSWG, NRWG and WGCS) to deal with the
harmonisation of nuclear safety practices inside the EU, later extended to CEEC and NIS
countries by initiation of the CONCERT Group and the ENIS-G. Indeed, NRWG extended its
membership to all the Candidate Countries from CEEC. In 1995 the so-called ‘25 safety
principles of the IAEA’ were already generally accepted by EU Member States [5.9] and their
regulatory regimes were found to be fundamentally the same [5.10], see also Chapter 3 of this
report.

&XUUHQW�DFWLRQV

The European Union is supporting increased international collaboration in the field of nuclear
safety via the international nuclear safety studies, which have been started in the 4th- and 5th-
framework programmes of EU DG-Research. Increased competition in deregulated electricity
markets also means increased demands in UHJXODWRU\�HIIHFWLYHQHVV�DQG�HIILFLHQF\ [5.2].

In preparation for the enlargement of the EU with the Applicant countries in Central and
Eastern Europe, the EU also supports specific actions to enhance the exchange of information
in the field of nuclear legislation and regulatory requirements. The importance of the
&RQYHQWLRQ�RQ�1XFOHDU�6DIHW\�for these actions and in particular for the voluntary
harmonisation of the nuclear safety requirements in EU Member States, has been recognised
by the Commission in a so called ‘non-paper’ to the Atomic Questions Group (AQG) [5.11].
This group proposed a methodology to the Commission and Council [5.12] to evaluate the
situation of nuclear safety in the Applicant countries. Within this methodology the evaluation
of the organisation and management of the regulatory authorities is being regarded as a
critical factor to its effectiveness.
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6LPLODULWLHV�UHVXOWLQJ�IURP�D�YROXQWDU\�DJUHHPHQW�RQ�QXFOHDU�VDIHW\�LVVXHV

Although the EU is strongly supporting the harmonisation of nuclear safety approach in EU
Member States and the Candidate countries, adopting this common approach is still the
responsibility of the safety authorities of the individual EU Member States. However,
agreement on many issues has been reached on a voluntary basis resulting in similarities in
the regulatory regime as well as in the safety approaches of the regulatory organisations. The
participation of EU Member States and Candidate countries in the�&RQYHQWLRQ�RQ�1XFOHDU
6DIHW\�will further strengthen this voluntary agreement.

��� 5HDVRQV�IRU�'LIIHUHQFHV�LQ�1XFOHDU�6DIHW\�5HJXODWLRQV

The Safety Fundamentals publication of the IAEA ’The Safety of Nuclear Installations’ [5.13],
presents the following three fundamental safety objectives for minimizing the risks associated
with nuclear power plants.

³*HQHUDO�1XFOHDU�6DIHW\�2EMHFWLYH� 7R�SURWHFW�LQGLYLGXDOV��VRFLHW\�DQG�WKH�HQYLURQPHQW�IURP�KDUP�E\
HVWDEOLVKLQJ�DQG�PDLQWDLQLQJ�LQ�QXFOHDU�LQVWDOODWLRQV�HIIHFWLYH�GHIHQFHV�DJDLQVW�UDGLRORJLFDO�KD]DUGV�´

³5DGLDWLRQ�3URWHFWLRQ�2EMHFWLYH� 7R�HQVXUH�WKDW�LQ�DOO�RSHUDWLRQDO�VWDWHV�UDGLDWLRQ�H[SRVXUH�ZLWKLQ�WKH
LQVWDOODWLRQ�RU�GXH�WR�DQ\�SODQQHG�UHOHDVH�RI�UDGLRDFWLYH�PDWHULDO�IURP�WKH�LQVWDOODWLRQ�LV�NHSW�EHORZ
SUHVFULEHG�OLPLWV�DQG�DV�ORZ�DV�UHDVRQDEO\�DFKLHYDEOH��DQG�WR�HQVXUH�PLWLJDWLRQ�RI�WKH�UDGLRORJLFDO
FRQVHTXHQFHV�RI�DQ\�DFFLGHQWV��

“7HFKQLFDO�6DIHW\�2EMHFWLYH� 7R�WDNH�DOO�UHDVRQDEO\�SUDFWLFDEOH�PHDVXUHV�WR�SUHYHQW�DFFLGHQWV�LQ
QXFOHDU�LQVWDOODWLRQV�DQG�WR�PLWLJDWH�WKHLU�FRQVHTXHQFHV�VKRXOG�WKH\�RFFXU��WR�HQVXUH�ZLWK�D�KLJK�OHYHO�RI
FRQILGHQFH�WKDW��IRU�DOO�SRVVLEOH�DFFLGHQWV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�GHVLJQ�RI�WKH�LQVWDOODWLRQ��LQFOXGLQJ
WKRVH�RI�YHU\�ORZ�SUREDELOLW\��DQ\�UDGLRORJLFDO�FRQVHTXHQFHV�ZRXOG�EH�PLQRU�DQG�EHORZ�SUHVFULEHG
OLPLWV��DQG�WR�HQVXUH�WKDW�WKH�OLNHOLKRRG�RI�DFFLGHQWV�ZLWK�VHULRXV�UDGLRORJLFDO�FRQVHTXHQFHV�LV�H[WUHPHO\
ORZ��

The generally accepted approach for achieving compliance with these objectives is through
application of the concept of defence in depth throughout design and operation. This concept
provides a graded protection against a wide variety of transients, anticipated operational
occurrences and accidents, including those resulting from equipment failure or human action
within the plant, and events that originate outside the plant [5.14]. The latest revision of the
IAEA safety requirements on Design shows two additional levels of defence, i.e. level 4 as
the management of severe accidents, and level 5 as mitigation of the radiological
consequences of potential releases of radioactive materials.

The technical requirements, which are derived from the defence in depth concept, include
differences in the practical application of the generally accepted principles. In the 1995
consensus document [5.15], the RSWG identified three areas where divergencies exist: safety
of operation (including inspection and safety culture); DBA source term and consequences;
severe accident prevention and mitigation.The main reasons for these differences relate to:

• improved knowledge and insights in the phenomena related to severe accidents,
• enlarged responsibilities including the management of off-site measures for mitigating

potentially adverse consequences,
• country-specific conditions e.g. related to geography such as flooding for the Netherlands,
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• national industrial tradition e.g. giving more credit to redundancy or diversity, or crediting
a software based system as opposed to hard wired controls,

• national energy policy (mainly in support of public acceptance),
• consistency with national regulatory or legislative system e.g. compliance with

probabilistic safety criteria on individual and societal risk as applicable to the
environmental policy.

Typical examples of issues where differences in safety requirements exist, are presented
below (see also Section 3.3 of this report).

Use of PSA and safety criteria for Level-3

PSAs are used in all EU Member States. In some countries compliance with PSC
(Probabilistic Safety Criteria) has to be demonstrated by the operating organization. In most
EU Member States only PSA Level-1 is required and compliance with a prescribed limit for
the frequency of core damage has to be demonstrated. In other EU Member States PSA Level-
1 and Level-2 is required.

In the Netherlands, PSA up to Level-3 is required. The PSA Level-3 is required for the
Environmental Impact Assessment [5.16]. In the framework of the Dutch policy only the
tolerability of risk compliance with risk criteria has to be demonstrated, as described
below.As regards the tolerability of risk, compliance with the maximum permissible level for
the individual mortality risk (i.e. acute and/or late death), which has been set at 10-5 per year
for all sources together and 10-6 per year for a single source.

Where major accidents are concerned, both the individual mortality risk and the group risk (=
societal risk) must be considered. In order to avoid large-scale disruption to society, the
probability of an accident in which at least 10 people suffer acute death is restricted to a level
of 10-5 per year. If the number of fatalities increases by the factor of n, the probability should
decrease by a factor of n2. Acute death means death within a few weeks; long-term effects are
not included in the group risk [5.16]

Although obligation to performing consequence analyses (PSA Level-3) can be found in the
Council Directives of 1996 [5.17] and 1997 [5.18], it is not expected to reach to an
harmonization with respect to this issue. For harmonisation on the application of PSA, see
also Section 3.3 of this report.

Differences of inspection philosophy

Significant differences have been observed in the inspection philosophy and legal framework
in each country. Historical factors and the conservative attitude of the nuclear industry need to
be given due attention in order to achieve progress in the harmonisation of the existing codes
[5.19].

Assumptions on the percentage of fuel failure after LOCA

In performing the design basis accident analyses, the commonly applied practice includes the
use of conservative assumptions regarding system performance and failure of components.
After a large LOCA it is assumed that a fraction of the fuel cladding is failed allowing release
of the gaseous and volatile radionuclides from the fuel into the containment atmosphere. This
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approach is followed to analyse the adequacy of the leaktightness of the containment
isolation, including valves and hatches. The assumed fraction of failed fuel after a large
LOCA varies between the EU countries [5.20] and has been a subject for a common research
action [5.21].

Status of Leak before Break

Not all countries have given a regulator status to LBB or comparable issue. It has been found
that there is a diversity of regulatory status that cannot be linked with the actual state of the
plant [5.22].

��� $VVHVVPHQW

The Euratom Treaty of 1957 and the Council Resolutions in 1975 and 1992 stimulated the
harmonisation of the nuclear safety approaches and regulatory requirements in the individual
EU Member States and Candidate Countries. The European Commission has provided direct
stimulation, for instance by requests to EU Member States to seek common positions on
matters concerning harmonisation of requirements and safety criteria and setting up of
working groups to promote systematic consultation between nuclear safety authorities,
utilities, etc. The European Commission has provided indirect stimulation by fostering
nuclear research and technological development in the European Community.

As a result of this stimulation and participation of regulators and TSOs of the EU Member
States to IAEA as well as OECD/NEA working groups, harmonisation of general safety
objectives has been achieved (see conclusion of consensus Document on European LWRs
EUR 16803) [5.23]. One important safety objective is maintaining the safety culture. This
implies also an effective organization and management of the regulatory authorities in the EU
Member States. Because there exists no acquis on nuclear safety regulation between the EU
Member States authorities, obtaining harmonisation in this area has been shown to be a
difficult process because of the independence of the national authorities. However the
Convention on Nuclear Safety, which has been signed by the EU Member States turned out to
be an important stimulant for the safety culture as well as for harmonising their safety
approach on a voluntary basis.

Concerning the specific technical requirements used in EU Member States there are fewer
similarities because of various reasons. Reasons for divergencies found in nuclear safety
criteria and requirements in EU Member States are for instance, the differences in geography,
national industrial tradition and national energy policy. Some divergencies in particular the
ones concerning maintenance and in-service inspection, will be difficult to remove because of
the attitude of the nuclear industry. Other divergencies, for example concerning requirements
for DBA can also not be avoided because of differences of plant design.
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Section 6.1 provides a brief history of nuclear power over the past few decades with particular
reference to events in the US and their impact on the EU.  These have markedly influenced
EU nuclear power plant operation and regulation especially since many EU plants are of US
design.  The need to demonstrate that severe accidents (along with waste management) can be
managed is one of the most pressing needs for the continued public acceptance of nuclear
power.  Thus severe accident management is given special attention in this chapter.

Section 6.2 returns to the main purpose of Chapter 6, i.e. an assessment of the achievements
and limitations of the major harmonisation efforts pursued within the EU, in all the main
technical areas that have received attention.  Sections 6.3 and 6.4 consider the harmonisation
of regulations and practices for existing and future plant respectively.  Section 6.5 considers
the impact of the nuclear safety research programme and other Commission activities related
to nuclear safety.  Section 6.6 identifies new challenges for harmonisation.  Here again in
Sections 6.3, 6.4 and 6.6 severe accident issues receive prominent attention.

The European Union is an association of countries, operating in some areas under common
laws and regulations.  However, the EU Member States have been independent for centuries,
pursuing their individual policies and regulating the various activities which their citizens
pursue.  Regulatory policies which, effectively, are responsible for creating an environment
for civilized and organised well-being of the citizens, differ from country to country within
the Union. These differences reflect the differences in culture, social, economic and
governmental systems between the countries.

Among the regulations and practices, that the citizens are most concerned about, are those
which govern their physical safety, health and wealth.  In this respect, the nuclear enterprise is
under close security.  Born with the original sin of being associated with the most powerful
destructive weapons ever created by man, nuclear power is expected to promise and
demonstrate almost absolute safety, not only for the present generations but also for
generations to come in the far future.

In spite of the above restrictions, nuclear power thrived in Europe until the Chernobyl
accident in 1986 with its horrible consequences.  The Three Mile Island accident of 1979 had
put doubts in the minds of citizens and the Governments; however, it was the Chernobyl
accident that changed the minds of many.  Still, the momentum of nuclear power was strong
enough that plant construction continued.  Currently ~35% of the EU´s electricity is produced
by nuclear plants; with some countries producing none and some others up to ~75%.

Europe followed US in overwhelmingly employing the LWRs, although Great Britain had
been an early pioneer of nuclear power employing gas cooled reactors.  The LWR technology
was initially developed in the US, with the General Electric company pioneering the BWRs
and Westinghouse Corporation developing the PWRs, which had their initial start under the
tutelage of the US Navy.
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The European LWRs are quite similar to the designs developed in the US.  The French PWRs
are very similar to the Westinghouse PWRs since France had bought the license for their
design from Westinghouse.  The PWRs and BWRs designed by the KWU (Siemens) are
similar to the US designs but are different in the configurations of their containments. The
BWRs designed by ABB Atom are similar to the Mark-II BWR plants of General Electric,
however, with some key improvements e.g. internal pumps.  The European LWRs, having
been commissioned after the US LWRs, were generally designed, constructed and quality-
assured to to a high level, taking advantage of lessons learned from the US.

The high standards of design and construction of European LWRs, in general, was followed
by good performance, as evidenced by the high load factors achieved by a majority of the
plants in the European Union.  The load factors have improved, over the years, for all plants;
the Finnish plants have consistently achieved availability factors of greater than 90%.
Somewhat lower, but still high values have been obtained, for the French plants.

The above operational record has been of great value to the safety of the plants.  A well-
designed, constructed and running plant is a money-making plant, which immediately implies
that the plant has funds to make repairs, backfits, install new equipment etc. when needed, in
a timely manner.

Another important aspect which has enhanced the safety of the European plants is the non-
adverserial relationship between the operators of the plant and the regulatory authorities and
this is an increasing trend.  In general, the regulatory authorities in the EU Member States
have been very tough, but they have not been arbitrary.  They have all been diligent in helping
the plant operators to solve a safety problem, as soon as possible.  In addition, there have not
been any strong legal challenges from the citizen groups, which have kept the political
atmosphere relatively calm, except on the issue of transportation of nuclear spent fuel in
Germany.

����� 3RVW�70,���&KDQJHV

The TMI-2 accident shocked the nuclear community into the awareness of severe accidents
and the dangers they posed to public safety.  It led to the re-examination of the safety design
basis, the consideration of the regulations for severe accidents and the intensification of
severe accident research.

The re-examination of the design base was prompted by the fact that the TMI-2 accident
started with a small break LOCA, whose consequences should have been bounded by those of
a large break LOCA, but became much more severe due to misunderstanding of the events by
the operators (and by the procedures guide).  The small break LOCA was in the design-basis,
but the response took the accident outside the design basis.  Intensive research (experimental
and analytical) was conducted over several years to understand the thermal hydraulics and its
interaction with the control system of an LWR.  The event-based procedures have been
modified to symptom-based procedures in most Western plants.

The first significant regulatory action for mitigation of a severe accident, was the hydrogen
rule, issued by the USNRC soon after the TMI-2 accident.  This rule demanded control of the
hydrogen that is produced in a severe accident, by the plants.  Hydrogen research was soon
initiated in the US by the utility industry and decisions were made to inert the BWR Mark-I
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and Mark-II plants and install igniters for hydrogen control in the ice condensers and the
BWR Mark-III plants.  The PWR plants were successful in avoiding hydrogen control,
because of the large volume of their containments.  Regarding hydrogen control, the BWR
plants in the EU countries followed suit and they have all employed inerted containment
atmospheres except for the General Electric BWR Mark-III plant in Spain.  The PWRs in
Europe have gone through a long evaluation process and many of them (except the
Westinghouse design plants) have decided to install catalytic recombiners, which have proved
to be effective in reducing the concentration of hydrogen.  Decisions on the installation of
catalytic recombiners have been taken by most of the PWR plant owners, e.g. hydrogen
recombiners will be installed in French PWRs in the near future.

����� 6$0

It is, perhaps, worth noting that the only concrete requirement promulgated by the regulatory
authorities for severe accidents is the hydrogen rule.  The plant owners have initiated other
actions or measures, which may be classed as SAM with the encouragement of the regulatory
authorities.  An outstanding example is the containment filtered vent, which has been installed
in the Swedish BWRs, which will manage the pressure level in the small volume BWRs.
Containment vents are being considered for installation in several European BWRs and
PWRs.  Sand filters have been installed in French PWRs, as a backfit.  The US plants on the
other hand, have not been partial to containment venting.  Hard vents are being installed in
US BWRs, but no US PWR is installing a filtered vent system. Correspondingly, some of the
Westinghouse-design plants in Europe (e.g. in UK, Spain, Belgium) are not considering
installation of vents on their containments.

Another SAM measure of very wide acceptance by the PWR plants in Europe and in the US
is that of system depressurization in the event of a severe accident, in order to avoid the
potential for direct-containment-heating-induced early failure of the containment.  This action
was included in the design of the UK PWR, primarily for accident prevention, and in French
PWRs, for example, and has been introduced as a backfit following HPME and DCH studies.
This SAM measure, however, can not be realized on some plants whose safety valves do not
have sufficient relief capacity.

The above examples are products of the desire (or necessity) of getting out of the “box” of
protecting against SAs through SAM measures, instead of providing a new containment for an
existing LWR.  This desire (necessity) for protection against severe accidents is shared by all
of the regulatory authorities in the Western World, and is to a lesser extent submitted-to by
the plant owners.  The plant owners argue that the severe accident is a very low probability
event: it deserves a response, but the cost/benefit should be a factor.

This argument has been accepted by the USNRC and it is part of the regulatory practice in the
US.  However, most regulatory authorities of the EU Member States do not, formally, accept
this argument.  Nevertheless, cost/benefit is, silently considered by all of these authorities.

The severe accident research initiated in 1980 has become part of the SAM process.  In
considering the SAM measures, as the response to SAs, over the last fifteen years, the plants
and the regulatory authorities have relied on the results of the SA research to show that,
indeed, the consequences of a postulated SA will be far less than those of the Chernobyl
accident and more like those of  the TMI-2 accident, even for accidents in which the vessel
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fails and the containment defence barrier is challenged.  If such is the case the existing plants
do not need extensive backfits.

The SA research results are bound to have uncertainties.  More importantly, there is a large
extrapolation involved in applying the results of SA research to determine the consequences
of the SA scenarios for prototypic conditions and geometry.  In fact, the uncertainties in the
application have been used by different parties in reaching different conclusions from the
research results obtained for several severe accident phenomena.

There are other uncertainties introduced by variations in the design and operation of the
plants. Except, perhaps for the French PWRs, all other plants have some station-specific
features, which have to be considered in a rational evaluation of the consequences of
postulated SA scenarios.

The SA consequence evaluation methodologies are based on the results of the SA research.
Clearly, the phenomenology of the severe accident is extremely complicated. Thus the
evaluation methodologies have serious shortcomings, which over the years have been
reduced, but there are still many unknowns in certain phases of the accident and the estimated
consequences vary from one evaluator to another.

��� 7KH�$FKLHYHPHQWV�RI�WKH�+DUPRQLVDWLRQ�(IIRUWV�SXUVXHG�E\�WKH�(8

����� 6XPPDU\

In summary, a number of cooperative studies have been performed over the years in EU
programs, on the harmonisation of several activities important to safety. These have been
reported in Chapter 3. Some examples are:

- review of licensing procedures (EUR 16801 [6.1])
- 25 principles of nuclear safety (WG-97/P05 [6.2])
- 1995 consensus on safety of European LWR (EUR 16803 [6.3])
- fuel cladding failure (EUR 19256 [6.4])
- in containment source term for large LOCA (B4-3070-97-810-MBL-C2 [6.5])
- PSA of steam generator tube rupture (EUR 18550 [6.6])
- level-1 PSA (WG1-97/P29 [6.7] and P31 [6.8])
- risk-informed in-service inspection and testing (EUR 19153 [6.9])
- harmonisation of in-service inspection codes (WGCS-93/P02 [6.10])
- leak before break (EUR 17574 [6.11], EUR 18549 [6.12])
- NDT systems for pre-and in-service inspection (EUR16802 [6.13])
- qualification of non-destructive testing (EUR-17299 [6.14])
- harsh environment qualification (EUR 17563 [6.15])
- safe management of nuclear plant ageing (EE/S 00.0430, Rev.C [6.16])
- common safety approved for evolutionary PWRs (Riskaudit Report 92/1 [6.17])
- common position of regulators for licensing of safety critical software (EUR 18158

[6.18])
- impact of ETC-M code on future harmonisation [6.19]
- comparison of emergency feed water systems for PWRs (WG1-94/P17 [6.20])
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Some of the above studies have been directed at specific safety issues, while others have
focussed on the overall approaches to safety principles.  In general, the large body of work
performed in these studies has reviewed the practices followed in different European
countries, made comparisons and advanced recommendations for achieving progress in
harmonisation.  In some areas, significant progress was made in achieving harmonisation.
For example, a complete set of construction codes was issued as the ETC-M code for the
construction of a future LWR in Europe.  The ETC-M code is harmonized from the French
RCC-M, the German KTA and ASME III construction codes. In some other areas, the
comparisons showed that the differences are so large that harmonisation of requirements and
practice should be the long-term objective. For example, this is especially the case for the
qualification of equipment for harsh environment. Similar remarks are valid on the practices
followed in performing a Level-1 PSA.

In addition to the more generic studies above there has been the bilateral harmonisation
activity pursued by the French and the German TSO’s in connection with the EPR.

An overall assessment of the large body of work performed indicates that the achievements
are variable.  Certainly, good comparisons were made, and differences were pointed out.
Harmonisation was achieved in some instances; recommendations to achieve it were made in
some other cases and in some cases, it was found that harmonisation will be difficult to
achieve.

Complementary questions can be posed (1) “How much harmonisation is needed for nuclear
power safety regulation and good practices?” (2)” Is it necessary to achieve complete
harmonisation in all details or is it sufficient to obtain equivalent safety and performance?”
Answers to these questions are proposed in Chapter 7.

����� $VVHVVPHQWV�RI�6HOHFWHG�7HFKQLFDO�$UHDV

A number of co-operative studies on selected technical areas important to safety have been
performed under the auspices of the EU. Assessments of these studies are given below.

General

5HYLHZ�RI�/LFHQVLQJ�3URFHGXUHV

There are differences in regulatory practices across the EU (these are expanded upon in Part
B). For example, the NRWG launched a programme, report published in 1996 (EUR 16801)
to assess the approaches to nuclear regulation in Europe.  It illustrated the basis of the national
regulatory practices of four western European countries.  Comparisons were made in terms of
regulatory documents, organisation in the regulatory regime, licensing process, information
required during licensing and safety assessment and licensing decision making.

���3ULQFLSOHV�RI�1XFOHDU�6DIHW\

In 1996, the NRWG reviewed how the 25 safety principles originally published by the IAEA
had been implemented within eight countries of the EU, Belgium, Finland, France, Germany,
Italy, Spain and Sweden. (ET NU-CY 95-00291).  There is a considerable degree of
harmonisation across the EU in the acceptance of these principles.  However, in many cases
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there is not a prescriptive requirement from the regulator, but the criteria that the regulator
apply when performing an assessment are stated in national guidelines.

Off-site Consequences for Design Basis Accidents

6RXUFH�7HUPV�IRU�'HVLJQ�%DVLV�$FFLGHQWV

For source terms and realistic off-site consequences for design basis accidents, it was
concluded (EUR 16803) that there is a lack of consensus on both the methodology and data
used for licensing calculations for DBA.  Two particular sequences were considered in the
study, LBLOCA and the SGTR.  A recommendation was therefore given to increase the level
of harmonisation in the licensing process.

Consideration of Severe Core Damage Accidents

6HYHUH�$FFLGHQW�3UHYHQWLRQ�DQG�0LWLJDWLRQ

For severe accident prevention and mitigation of the potential consequences both for existing
and future plants, there is a consensus (EUR 16803) on the use of improved procedures for
existing plants for preventing the development of severe accidents and for mitigating their
consequences.  It was also agreed that hardware modifications would be design specific and
therefore it would not be expected that different plants adopt similar upgrades.  With regard to
future plant, the review reported that there had been some initial moves to achieve a more
harmonised position on the requirements for severe accidents.

Safety in Operation and Safety Culture

6DIHW\�LQ�2SHUDWLRQ

For safety in operation, including in service inspection and maintenance, training of
operations personnel and safety culture, the �����&RQVHQVXV�RQ�WKH�VDIHW\�RI�(XURSHDQ�/:5V
(EUR 16803), carried out by the RSWG, published in 1996, concluded that there is a general
consensus on the importance to safety of in-service inspection, maintenance and periodic
testing programmes. The need for improving the safety culture of maintenance personnel was
recognised. Some differences in the practical implementation of these activities were noted.

Accident Analyses and Off-site Releases

)XHO�&ODGGLQJ�)DLOXUH

In 1999 (EUR 19256), a collaborative exercise (in the framework of RSWG and NRWG)
reviewed fuel-clad failure following a large LOCA in LWRs.  The objectives were to review
the existing clad failure criteria and licensing approaches in each participants’ country, form a
consensus view on clad failure criteria and determine the effect of the clad failure criteria on
the extent of clad fault for a reference design in each participants’ country.  (A previous study
had not reached a consensus on the criterion to be used to determine whether the fuel cladding
fails.)  The latest study contributed to reaching conclusions on differences in approaches and
obtaining the different points of view of experts from the countries involved to produce a
“good practice document” which summarises similarities and differences in the methods
applied.
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,Q�&RQWDLQPHQW�6RXUFH�7HUP�IRU�ODUJH�/2&$

The discussion under fuel cladding failure applies here.  Additional reports, 'HWHUPLQDWLRQ�RI
WKH�LQ�&RQWDLQPHQW�6RXUFH�7HUP�IRU�D�/DUJH�%UHDN�/RVV�RI�&RRODQW�$FFLGHQW�DQG WG1-
97/P17: A &RPSDULVRQ�RI�6HYHUH�$FFLGHQW�&DOFXODWLRQ�0HWKRGRORJLHV��/2&$�ZLWK
&RQWDLQPHQW�%\SDVV��/RVV�RI�)HHG, 1997 are relevant.  Areas of agreement were that other
nuclides beyond iodine and the noble gases should be considered and that no credit could be
given for RCS retention.  There was no agreement in the release from damaged fuel.

36$�IRU�6WHDP�*HQHUDWRU�7XEH�5XSWXUH

PSA has been applied to radiological release in SGTR transients. Report No. EUR 18550: A
%HQFKPDUN�H[HUFLVH�RQ�WKH�3UREDELOLVWLF�6DIHW\�$VVHVVPHQW��36$��RI�VWHDP�JHQHUDWRU�WXEH
UXSWXUH�UDGLRORJLFDO�UHOHDVHV, published in 1999 aimed to identify the non-core damage steam
generator tube rupture consequences which contribute most to risk. Previously EUR 15615:
Realistic�0HWKRGV�IRU�&DOFXODWLQJ�WKH�5HOHDVH�RI�5DGLRDFWLYLW\�IROORZLQJ�6WHDP�*HQHUDWRU
7XEH�5XSWXUH�)DXOWV had been published in 1994 and EUR 16244: 7KH�.H\�,VVXHV�LQ
7UDQVLHQW�$QDO\VLV�&DOFXODWLRQV�ZKLFK�DIIHFW�WKH�5DGLRORJLFDO�&RQVHTXHQFHV�IROORZLQJ
'HVLJQ�%DVLV�6WHDP�JHQHUDWRU�7XEH�5XSWXUH�$FFLGHQWV had been published in 1995.
Considerable progess has been made in reaching a consensus on the best available methods
and data for carrying out evaluations of the radiological consequences of SGTR transients.
However current uncertainties in the data may result in overestimates of consequences.  PSAs
have made progress relating the frequency of each type of fault sequence to the radiological
release.  Account needs to be taken of different designs of SG.

Probabilistic Safety Assessment

/HYHO�±���36$

There is a consensus on the benefits of PSA, but less consensus on the practice.  A study was
performed in 1999, by the GRS consortium sponsored by the EC DG XI (now DG ENV) and
national agencies that investigated current practices in Level 1 PSAs performed within the
EU, WG1-97/P29, 1997: )LQDO�5HSRUW��+DUPRQLVDWLRQ�LQ�WKH�)LHOG�RI�6DIHW\�RI�1XFOHDU
,QVWDOODWLRQV��/HYHO���RI�36$�  The objective of the study was to promote harmonisation
towards best practice.  The main findings of the report were that their existing guides are
comparable in terms of recommendations for the main elements of a PSA, but they differ on
the level of recommendations for more minor elements.  Secondly there are some differences
between recommended practices and the actual practices that are performed.  A study has
been performed by Tractebel, EE/SOUTILS PRA: 7RZDUGV�+DUPRQLVDWLRQ�RI�(XURSHDQ
3UDFWLFHV�LQ�36$�/HYHO���0HWKRGRORJ\�DQG�LQ�WKH�'DWD�&ROOHFWLRQ�3URFHVV which concludes
that regarding methodology, a common approach can be identified, (together with variations)
but for data collection plant specific considerations apply.

Operational Safety

5LVN�±,QIRUPHG�,Q�VHUYLFH�,QVSHFWLRQ�DQG�7HVWLQJ

This is a relatively new concept in licensing methodology. EUR 19153: Report�RQ�5LVN�
LQIRUPHG�LQ�6HUYLFH�,QVSHFWLRQ�DQG�LQ�6HUYLFH�7HVWLQJ�dealt with the application of PSA
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studies to the optimisation of in-service inspection and in-service testing practices.  It reflects
current ISI practice in EU countries and summarises risk-informed state-of-the-art ISI/IST in
the EU/US.  It describes the benefits of new approaches and the pilot studies performed to
date and it proposes future activities to be carried out when more experience is gained.  It was
considered too soon at that stage to prepare a document describing good practices.

+DUPRQLVDWLRQ�RI�,Q�6HUYLFH�LQVSHFWLRQ�&RGHV

A review of progress was carried out by a consortium comprising AEA Technology, Siemens,
Framatome, Mitsui Babcock and NNC, published in 1999(WGCS-93/P02).  The objective
was to review the scope and extent of inspection performed on existing LWRs and FRs with
the objective of facilitating harmonisation of European codes.  The study focussed on the key
primary circuit components.  The findings were that the countries represented in the study
reflect significant differences in inspection philosophy.  An appreciation of the differences in
philosophy and interpretation /application of the various codes in each country should enable
some of the apparent differences between codes to be rationalised.

Leak Before Break

/HDN�EHIRUH�%UHDN

There have been three reports published addressing the LBB concept.  In 1998, EUR 17574
compared LBB methodologies for pressurised components in EU countries.  Another  study
have focussed on analysis of the regulatory points of view, underlining the diversity in
regulatory status and considering state-of-the art practices.  In January 2000, the NRWG
(EUR 18549) reviewed the LBB concept, related to nuclear safety.  The objective of the task
force was to establish a good practice document.  A review of the practices in several
members’ countries were compared and described.  This study noted that there are
differences, some countries have given a regulatory status to LBB or comparable issues –
others have not. The TF underlined that there is diversity in regulatory status that is not linked
to the actual state of the plants.  A third study (5200/95-000782/MAR/C2, (revised April
2000) extended the scope to VVER designs, addressed differences in scope, and considered
the technical differences of different LBB procedures.  LBB studies in general have resulted
in a better understanding about the integrity of pipes.

Non-destructive Testing

1'7�6\VWHPV�IRU�3UH��DQG�,Q�VHUYLFH�,QVSHFWLRQ

A common position of the regulatory bodies with regard to the need to qualify NDT systems,
taking into account existing verification needs and legal frameworks is presented in EUR
16802: &RPPRQ�3RVLWLRQ�RI�(XURSHDQ�5HJXODWRUV�RQ�4XDOLILFDWLRQ�1'7�6\VWHPV�IRU�3UH��DQG
,Q�6HUYLFH�LQVSHFWLRQ�RI�/LJKW�:DWHU�5HDFWRU�&RPSRQHQWV���5HYLVLRQ����  This represents an
area where significant progress has been made and a harmonised approach is actually used.

4XDOLILFDWLRQ�RI�QRQ�GHVWUXFWLYH�7HVWLQJ

There has been a harmonisation with US practices, EUR 17299, (XURSHDQ�0HWKRGRORJ\�IRU
4XDOLILFDWLRQ�RI�QRQ�'HVWUXFWLYH�7HVWLQJ��6HFRQG�,VVXH���(XURSHDQ�1HWZRUN�IRU�,QVSHFWLRQ
4XDOLILFDWLRQ GHYHORSHG the results of the co-operation between European licensees and
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inspection companies to consider a similar initiative to the US programme to implement the
modification of ASME Section XI known as the PDI (Performance Demonstration Initiative).
The purpose was to provide the appropriate procedures, facilities and infrastructures to
qualify NDT systems.  This is an important example of harmonisation.

Equipment Qualification

+DUVK�(QYLURQPHQWDO�4XDOLILFDWLRQ�RI�(OHFWULFDO�DQG�,�	�&�(TXLSPHQW

In 1998, guidelines were published by the RSWG(EUR 17563).  It was shown that, whilst the
environmental and seismic parameters used for qualification are strongly linked to the specific
design characteristics of the plant under consideration, the general principles of qualification
and the main elements of the methodologies are similar within the European countries.
However there are some differences in the demands of qualification test severity that could be
resolved by having common acceptance criteria.

Ageing

6DIH�0DQDJHPHQW�RI�1XFOHDU�3ODQW�$JHLQJ

A consortium of Framatome, EDF, UNESA, Belgatom and IPSN published a study (EE/S
00.0430, Rev C) on safe management of NPP ageing in the European Union in 2000. The
objectives of the study were to provide recommendations for the development of a
methodology to monitor, control and anticipate the ageing of nuclear islands, in order to
maintain their level of safety during the whole NPP life cycle.  The conclusions summarise
the similarities and differences between ageing programmes in the above countries and
compare them with international recommendations.  The study showed that for the three
countries represented, power plants are subjected to appropriate ageing monitoring
programmes or projects, which fulfil IAEA international regulations on these topics.  It also
showed that there was general consistency of the objectives in the different countries, which
go beyond safety aspects and differences in organisational approaches resulting from
differences in industrial and regulatory contexts. In particular, there is agreement on the
service life during which the plant can be operated safely and economically.

Evolutionary Reactors

&RPPRQ�6DIHW\�DSSURYHG�IRU�(YROXWLRQDU\�3:5V

The 762�6WXG\�3URMHFW�RQ�'HYHORSPHQW�RI�D�&RPPRQ�6DIHW\�$SSURDFK�LQ�(&�IRU�/DUJH
(YROXWLRQDU\�3:5V�(Riskaudit Report 92/1), June 1997, addresses safety issues for the next
generation of plants.  The study focussed on the EPR project, but also considered other
relevant projects outside Europe.  The common positions reached by the participating TSOs
were identified.  The EPR project is a good example of bilateral harmonisation.

Safety Critical Software

6DIHW\�&ULWLFDO�6RIWZDUH

The degree of harmonisation in the position of European regulators for the licensing of safety
critical software was reviewed by a NRWG Task Force in the report &RPPRQ�3RVLWLRQ�RI
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5HJXODWRUV�IRU�/LFHQVLQJ�RI�6DIHW\�&ULWLFDO�VRIWZDUH (EUR18158), published in 1998.  This is
an important study on a prominent issue.  Attention was focussed on computer based systems
used in NPPs for safety functions as categorised by the IAEA as ‘Safety Systems’.  There was
a consensus on a range of generic and life cycle licensing issues that should be considered.
The Task Force carried out a two-stage investigation. In the first stage, it identified (what
were believed to be from a regulatory standpoint) the most important practical issue areas in
the licensing of software, important to safety.  In the second stage, for each issue area, the TF
reached a &RPPRQ�3RVLWLRQ on the basis for licensing and minimal evidence that should be
sought.  Best design and licensing 5HFRPPHQGHG�3UDFWLFHV in certain cases alternatives,
which could be acceptable, were also proposed.

National Standards for Manufacture

,PSDFW�RI�(7&�0�&RGH�RQ�)XWXUH�+DUPRQLVDWLRQ

The EPR project has heightened motivation for a European harmonisation of codes and
standards. There has been preparatory work, by a consortium involving Siemens, Framatome,
AEA Technology and NPI( B4-3070/97/000786/MAR/C2), June 2000, towards an indicative
programme based on the ETC-M code and its impact on future European harmonisation.  The
main goal of the work is to develop a systemic methodology for analysis and design and
construction rules for the design of LWRs.  The report underlines the technical comparability
of the nuclear codes ASME, RCC-M and KTA but also shows the barriers for application,
associated with the administrative procedures and concerned organisations in the different
countries.

��� +DUPRQLVDWLRQ�RI�5HJXODWLRQV�DQG�3UDFWLFHV�IRU�([LVWLQJ�3ODQWV

The LWRs in the member countries of the European Union were designed and constructed
with the design criteria and safety philosophy developed in the US.  This philosophy, based
on defence in depth, not only for the barriers to the release of radioactivity, but also in the
design, construction, inspection, quality assurance and operational practices was wholly
adopted by the vendors and the regulatory authorities in the European Union.  The
prescriptive basis for the safety design of PWRs and BWRs, as specified in the US Code of
Federal Regulations 10CFR 50, was adopted by the European regulatory authorities and
followed by the vendors of the plants. Additional safeguards have been placed in some
countries e.g., additional redundancy, restrictions on siting, basically due to the greater
population density in Europe, etc.  There are also some country-specific regulations e.g. the
requirement in Germany to design the containment to withstand the crash of a jet fighter
plane.  Some EU countries e.g. Spain, Holland and Belgium completely follow the regulations
of the country from which their reactor power plants were purchased.  They follow the
USNRC regulations for their Westinghouse PWRs and the General Electric BWRs; and the
German regulations for their Siemens (KWU) plants.

The above developments have resulted in a process of self-harmonisation of the regulation of
LWRs in the EU member countries from the very start.  The regulations followed the US
model, particularly for the defence in depth in the design and construction of the primary
system and of the important safety systems.  Typical examples of these are the material,
inspection and quality assurance in the construction, and the use of the single failure criterion,
and, redundancy and diversity in the design.
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The regulators throughout the Western World are in frequent communications with each other
through the EU and the OECD committees.  The researchers, on whom the regulators depend
for uncovering any vulnerabilities in safety evaluation approach or methodology, are also in
frequent communication with each other.  This does not mean that there were no differences
in actual regulatory practices of the various regulatory authorities.  However, the differences
were small in relation to the design basis and, indeed, they were primarily questions of
interpretation.  The prescriptive safety design-basis has not been changed from the time it was
codified after the ECCS (Emergency Core Coolant System) hearings and is being followed in
all Western European countries.

Thus, the Commission’s efforts to encourage harmonisation might be regarded as unnecessary
for LWRs.  However, as described elsewhere, many differences in detail have arisen between
practices in different countries used to both justify reactor designs from a safety standpoint
and in the implementation of operational safety.  Some differences are due to differences in
philosophy (redundancy requirements, levels of conservatism in analysis, move to best
estimate analysis) – these differences are not particularly amenable to harmonisation.
Examples in this area where harmonisation efforts have had limited success so far are
regulatory requirements for PSA and for fuel pin failure criteria.  Harmonisation may not be
of great benefit in such areas, provided the plant demonstrably meets the safety design
criteria.  Further harmonisation would probably have little impact on the real safety of the
plant.

The area of operational safety is different, and there are clear safety benefits from ensuring
best practice.  Activities supported by the Commission have led to significant progress in
harmonisation of the requirements for NDT and on environmental qualification of equipment.
Also the benefits of periodic safety reviews have been promoted and there is general
agreement on the merits of risk based in-service inspection.  One area that may benefit from
further harmonisation is the area of safety critical software – here the Commission has
encouraged regulatory bodies to exchange information and to define best practices (this falls
between design certification and operational issues).

Thus for current plant there are significant areas of agreement, some less important areas of
disagreement and some areas of potential scope for harmonisation that have yet to be
addressed.  It is unlikely that a common level of harmonisation will be achieved in all areas.

Currently the severe accident area is outside the regulatory framework for existing plants in
most countries (evidence of a lack of harmonisation).  This is perhaps surprising given the
amount of resources devoted to severe accident research, but reflects the approach of the
USNRC as outlined above.  The reasons for this are now considered.

The uncertainties in extrapolation of research results, the design specific features of the plants,
and the shortcomings of the evaluation methodologies have coloured the perceptions of the
SA scientists and the regulatory authorities.  There are bound to be differences in their
attitudes and approaches towards SAM measures.  Some examples are considered here.
Presently, the coolability of a melt/debris attacking the concrete basemat, by flooding with
water, is not confirmed.  This has introduced different approaches: the UK, Spain, Belgium,
Sweden, Finland will add water to their PWR containment cavities and their BWR lower dry
wells in order to fragment the melt, to facilitate its cooling, and possibly delay the basemat
melt-through.  On the other hand, the Germans either do not have the facility, or the desire to
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add water to their PWR cavities in order to avoid the possibility of steam explosions.  These
are decidedly different SAM strategies.  NB. In French reactors although water is not
explicitly added to the cavities, water may be present, particularly if the vessel has failed.

Another example of different SAM measures in Europe is that of cooling the vessel from
outside in order to keep the core melt inside the vessel.  This is the so-called SAM strategy of
IVMR (In-Vessel-Melt-Retention) which has been approved for the Loviisa plant in Finland
and has been incorporated in the design of the AP-600.  This strategy requires adding enough
water in the PWR reactor cavity to reach a level, on the outside of the vessel, which is above
the level of the core. A similar strategy for BWRs is incorporated in the new BWR design
proposed by Siemens (the water addition in the SAM scheme of Nordic BWRs is kept much
below the vessel).  The WOG (Westinghouse Owners Group) recommends the containment
filling SAM measure and some of the European owners of the Westinghouse PWRs (Spain,
UK, Sweden) are either incorporating this measure, or considering plant modifications to
incorporate it.  The French and the German PWRs are not considering this SAM measure and,
in fact, such a measure can not be incorporated in the German plants.

The above examples and the discussion clearly imply that the differences in regulations and
practices, between the EU Member States with respect to severe accidents for existing plants,
will not disappear.  In particular, the SAM approach and measures may even differ from plant
to plant in the same EU Member State due to the design specific features of the plants.  The
regulations and practices for the safety design base can be harmonized and they have been, as
stated in the 1988 consensus report and the 1993 report.  Regarding, harmonisation of
regulations and practices with respect to severe accidents (which primarily concern the SAM),
further progress may be made in the overall approach, although differences in detail will
remain.

��� +DUPRQLVDWLRQ�RI�5HJXODWLRQ�DQG�3UDFWLFHV�IRU�1HZ�3ODQWV

There is a great opportunity to harmonise the safety approach, the regulations and the
practices for a new plant.  New plants have been proposed in Europe; the most prominent one
is the EPR, which is a joint French-German enterprise.  Others have been proposed, e.g., the
1000 MWe passive plant by Westinghouse, the 1000 MWe BWR by Siemens and the 1500
MWe BWR90+ by Westinghouse Atom (formerly ABB Atom).  A common thread between
these proposed designs is the document: EURD, specified by a consortium of utility
companies in Europe, while consulting with the regulatory authorities.  This is a good
example of a harmonisation activity in which utilities have openly debated their requirement
amongst themselves and their regulators.

Harmonisation of EURs is very important, indeed more so than harmonisation of the activities
of a number of the international working groups which may be less focussed on utility
requirements.  With respect to EPR, it is the first time that severe accidents have been
considered at the design stage2 and a French-German common approach on the safety of the
EPR has been created, and agreed to, by the two TSOs i.e., IPSN from France and GRS from

                                                
2 During the design of the Sizewell B PWR for the UK there was some consideration of
severe accident sequences and the plant response in order to meet targets on the probability of
a large early release of radioactivity.
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Germany. The attitudes of the two organisations were brought together, while considering the
requirements of no long-term evacuation and absence of land contamination.

For new plants the benefits of harmonisation in the areas identified above for current plant
still apply.  Additionally the development of a common set of standards would promote ease
of regulations.  It would also enable vendors to sell and industry to operate in a more global
market with reduced licensing costs.

Another aspect concerns the regulatory certification of advanced designs, e.g. as in the case of
AP600.  This is clearly beneficial to all interested parties.

It is seen in this area that the Commission has been directly only a minor player in progress
towards harmonisation, although many of the activities supported by the Commission’s
harmonisation activities (e.g. inspection, design basis source calculation methodology, safety
critical software) apply equally to future reactors.  In addition, the future reactor activities,
and the prospects for harmonisation have benefited considerably from the research
programmes supported by the Commission (e.g. research on hydrogen management and core
catchers).

��� ,PSDFW�RI�5HVHDUFK�DQG�2WKHU�&RPPLVVLRQ�3URJUDPPHV�RQ
+DUPRQLVDWLRQ

The EC funded research programme on reactor safety was outlined in Section 3.5.  It was
noted there that, while the stated objective was not “harmonisation”, the intention was to help
arrive at a European consensus, particularly in the severe accident area.  In recent years the
focus has moved from severe accident research SHU�VH to concentrate on its application in
severe accident management.  In addition, major activities have started on plant life
management (ageing) and research for evolutionary and advanced designs.  The research
activities are sponsored under the provisions of the Euratom treaty – however they can also be
seen as a response to the article in the 1975 Council Resolution (see Chapter 2) that

- DJUHHV�WR�VWUHQJWKHQ�&RPPLVVLRQ�DQG�(8�0HPEHU�6WDWH�HIIRUWV�WR�FRRUGLQDWH�DSSOLHG
UHVHDUFK�SURJUDPPHV�LQ�RUGHU�WR�PDNH�WKH�EHVW�XVH�RI�WKH�UHVRXUFHV�DYDLODEOH�LQ�WKH
&RPPXQLW\�DQG�WKH�(8�0HPEHU�6WDWHV�

Although the Commission supported some research activities through indirect actions before
1990, and contributed through its own direct action programmes at the Joint Research
Centres, the focus of nuclear safety research in LWRs tended to be based on national
programmes.  Thus, when the decision was made to introduce PWRs into the UK, a national
research programme was put in place, which relied heavily on bilateral agreements with
counterparts in the US.  Likewise it was considered necessary in France and Germany to
establish their own national research programmes in support of their nuclear industries.

The days of large national civil nuclear research programmes are at an end in most European
countries.  The Commission’s programme of Reinforced Concerted Actions in the
3rd Framework programme was very beneficial in opening up the national programmes and
forging a European identity in the research community, although this was restricted to the
severe accident area.  The effect was to increase understanding of different approaches, and to
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give added momentum in some areas, but there has been little practical effect on
harmonisation.

The move to competitive funding of projects submitted against a Workscope in the 4th  and
5th Framework programmes was a mixed benefit.  On the positive side it has meant that some
projects that would otherwise have not gone ahead were secured, and benefited from the
involvement of a range of countries.  The provision of a Workscope should have also led to a
better focus.  The difficulties of the approach arise because of intellectual property right
issues, the timescales associated with projects from conception to completion, and the
fundamental question of “Who is the customer?”  As in other areas, Commission staff have
consulted experts from the regulatory bodies and industry “end users” in structuring the
programme, and used independent experts to evaluate proposals.  However, this does not
necessarily lead to a well-focussed programme and uptake of the results.  It often seems to be
the case that the main beneficiaries of the work are the organisations performing it.

Greater “end-user” involvement in projects is encouraged by the Commission, and in
Chapter 3.5 examples are given of industrial involvement.  In a relatively mature area, such as
reactor safety, it ought to be possible to identify specific activities that are of wide benefit to
the industry, and issue a detailed call for proposals, to meet a European need.  If there is a
European benefit, then there should be no need for large consortia to perform the work – but
the work performed should be widely available so that it can form the basis for harmonised
approaches.  Currently it is not a contract requirement in the research area to publish all
material openly, though many organisations do adopt an open publication policy.

The form of the framework programmes has limited participation by organisations with
relevant skills, particularly commercial companies, because of the timescales involved (if
there is a problem, industry wants solutions on a more rapid timescale), the need to secure
national funding, or use internal budgets.  This means that in some cases the available
technical expertise to address a particular issue cannot be utilised.  With the programme shift
to operational safety, it is of increasing importance to ensure that utility organisations and
specialist companies involved in inspection are involved in the projects to ensure that the
results are applicable, leading to development of best practice and “de facto” harmonisation.
There are some examples of this, particularly the EURIS and CEMSIS projects.

Overall, the EC’s research programme on reactor safety, has, along with national
programmes, particularly in France and Germany, established Europe as the global centre for
severe accident research.  This has been driven, in part, by the desire to implement severe
accident mitigation measures in existing and future light water reactors.  The programmes
have been very effective at enhancing communication between European organisations, but
there are fewer tangible benefits in terms of harmonisation (this was not a specific goal of the
programme).  The current research programme concentrates more on operational issues,
including inspection and ageing, and so may have a greater impact on harmonisation
activities, provided the major players are involved with the projects.

It was also anticipated that participation by experts from EU countries in PHARE and TACIS
programmes in the nuclear safety are would act as a driver towards harmonisation.  As these
projects often involve the promulgation of EC practices, it is necessary to define what these
are.  In the absence of a fully harmonised regulatory framework, this has proved to be difficult
in areas such as the use of “best estimate” methodologies for design basis accidents, and
requirements to update existing plants for the severe accident threat.  Participation in these
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PHARE and TACIS projects has been of benefit to the EU participants (besides the planned
beneficiaries) as it has opened up understanding of the licensing process in the different EU
Member States and identified similarities and differences in approach – the first stage on the
road to harmonisation.  Furthermore the French and German TSO organisations (IPSN and
GRS) have provided support through a common organisation, RISKAUDIT.  This has been
part of the gradual process of the two organisations reaching common positions in many areas
of reactor safety.

��� 1HZ�&KDOOHQJHV�IRU�+DUPRQLVDWLRQ

The fundamental basis for design base regulation is deterministic, conservative and
prescriptive. It can be substituted by deterministic and best estimate; however, then,
uncertainties have to be calculated, which is not easily done.  Consideration of severe accident
consequences is always best estimate3 and is based on research results, with the methodology
only recently developed or ongoing.  Presently, no regulatory authority is accepting a safety
evaluation based on probabilistic arguments, for the design-basis.  However, there are
changes in attitude and some evaluations based on expert elicitations and a coupling of
probabilistic and deterministic analyses have been accepted by the regulatory authorities.  A
prominent example is that of the alpha-mode failure of a PWR containment as a consequence
of an in-vessel steam explosion. This safety issue has been resolved by a consensus expert
judgement stating that the conditional probability of this event is very low (~10-3).  Another
prominent example is that of specifying as a safety target the core melting frequency of 10-5

or 10-6 and the conditional probability of containment failure of 10-1 or 10-2.  The use of
probabilistic arguments is not an anathema anymore; it is, so far, confined to severe accident
events and consequences.  We believe that the use of PSA for resolution of severe accident
safety issues will increase in the future and in this sense there is an increasing harmonisation
of requirement.  However, this trend will not be uniform, e.g. the German regulatory and TSO
views are not as favourable to PSA as those of the comparable Spanish organizations.
Harmonisation on how PSAs are actually implemented in Europe will be a challenge for the
future.

The other use of PSA methodology in safety evaluation is in the Level-1 evaluations of plant
systems, which have been performed for most Western LWR plants. The IPE (Individual
Plant Examination) and IPEEE (Individual Plant External Events Examination) programs,
instituted by the USNRC, required all LWR plants in the US to perform a Level-1 PSA
analysis for internal and external initiators.  A comparable program has not been initiated in
all countries of Europe (in 1986, in Spain a similar programme in terms of scope was
launched), although many plants have performed Level-1 PSA analysis and have found that
such analyses, often lead to the identification of plant vulnerabilities.  A particular example is
that of containment bypass, which was identified and corrected in some plants.  The
regulatory authorities in Europe recommend and expect Level-1 analyses for plants.  Such
efforts can be harmonized and quality-assurance standards could be set for Level-1 analyses
for PWRs and BWRs in Europe.

PSA Level-2 analyses have been initiated for some plants.  A PSA Level-2 requires an
estimation of the consequences of severe accident, and, thus, depends on accurate modelling

                                                
3 In principle, although often some conservative assumptions are used in practice (e.g. no
aerosol retention in the leak path.
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of the severe accident phenomena. This, as we have mentioned above, is still uncertain.  The
EU Member States use different computer codes, e.g. Finland and Spain use the US codes
MELCOR and MAAP, while Germany and France use their own codes. Even in the same EU
Member  State, the utility company may use the MAAP code and the TSO and the regulatory
organization may use MELCOR, or some other code.  This occurs in France, where EDF uses
the MAAP code, while IPSN is using codes developed by IPSN, CEA and FZK.  There are
large differences between the predictions of these codes and also substantial differences in the
consequences calculated by different users with the same code.  The PSA Level-2 analyses
and consequence estimation, thus, is a challenge for harmonisation.  It is not even clear how
to set the quality-assurance standards for the relevant computer codes.

Risk-informed regulations and practices are a recent movement, whose impact is not yet very
clear.  They require the results from both PSA Level-1 and possibly Level-2 analyses, since
the risk information becomes a principal measure for regulatory actions and practices.  We
believe it is logical to consider risk information; most regulatory and TSO organizations in
Europe declare that they consider it informally.  There is not much support, so far, in the EU
Member States for formally considering risk information and basing regulations and practices
on that information, as it is in the US4.  This could be a future challenge for the harmonisation
process. In this context, quality-assurance and high standards for PSA would have to be
agreed.

Finally, perhaps the greatest challenge is posed by the EU enlargement process, when the
Eastern European countries with their Soviet-designed reactors join the Union. The European
Commission has negotiated the closure of one of the RBMK-1500 reactors in Lithuania, two
VVER-440/230´s in Bulgaria and the two VVER-440/230’s in Slovakia within the next few
years.  By most estimates the VVER-440/213´s are safe plants, however their safety design-
basis, construction and operation did not exactly follow the regulations and practices followed
in Western Europe and the US.  These plants followed the Soviet safety approach which
adhered to the principles of defence in depth, redundancy, diversity, single failure etc., but not
as strictly as in the West.  One can discuss equivalence in safety of the VVER-440/213´s,
versus that of the comparable Western plants.  One can commend them for having a larger
heat capacity and redundancy, however one can fault them for not providing a comprehensive
overall containment structure.   However, as stated in the WENRA report, the latter provide
adequate protection against design basis accidents and overall radioactive releases would not
be higher than is accepted within the EU.  The concern is the containment response to severe
accidents.  A good Level-2 quality-assured PSA could be a vehicle for establishing
‘comparable’ or ‘equivalent’ safety.  Harmonisation of the regulations and practices would
not work for the different design of the VVER-440´s.  The same can be said for the RBMK-
1500, which poses quite different safety issues than the VVER-440´s.

Clearly the design basis of these plants will not be made identical to that for Western LWRs -
but there are plenty of opportunities for harmonisation on inspection, control and protection,
even in PSA and SAM.  The presence of VVERs and RBMKs in an extended Europe poses
no greater challenges for regulation than does regulation of some of the earlier EU reactors
still in operation.

                                                
4 The current NII licensing guidelines for the UK adopt a risk-based approach.  This pre-dates
the U.S. interest in risk-informed regulation.
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Recommendations for future strategy and the benefits of further harmonisation in general are
given in Chapter 12.  These include specific recommendations for current and future reactors,
and on EC practices and co-operation with other organisations in order to promote
harmonisation.  Recommendations are also given on the role of research and how the EC can
help to promote harmonisation within the industry.
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The Euratom Treaty, signed already in 1957, aimed to promote the civilian use of nuclear
energy, and to foster corresponding research and technical development.  The Council
Resolution of 1975 on the technological problems of nuclear safety was the first important
major step towards harmonisation of safety requirements and criteria within the European
Community and a genuine safety culture throughout Europe. Its implementation was foreseen
to proceed in three stages:

1. Exchange of information and listing/compiling of the various methodologies, criteria and
standards

2. Identification of the similarities and divergencies, and analysis of their reasons
3. Establishment of Recommendations pursuant to Article 124 of the Euratom Treaty.

The RSWG and the NRWG have performed important work to encourage implementation of
the Council Resolution.  This work has been complemented by the activities of the other
international organisations, in particular the IAEA and the OECD/NEA.  In 1991-1992 the
European Commission set up the group CONCERT in order to develop co-operation between
the safety authorities in the Community and those in the Central and Eastern Europe and the
former Soviet Union, and to organise and implement support to them.  The RAMG was set up
at the same time to provide assistance.  The Commission also established assistance activities
within the TACIS and PHARE programmes for practical support to safety improvement in
those countries.

The following two principles have been stressed by the NRWG and received world wide
acceptance:

- The nuclear safety must remain as the responsibility of the individual country, and the
principal responsibility of an installation must stay with the operating organisation.

- The safety regulator is responsible for monitoring and implementing the safety objectives
in accordance with the laws and regulations of the country.

In its second Resolution of 1992 the council recognised the good progress that had been made
towards an equivalent and satisfactory degree of protection of the population and the
environment.  The EU Member States were encouraged and requested to continue co-
operation and ensure greater concerted effort to arrive at a harmonised system of safety
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criteria and requirements recognised throughout the Community.  Bringing the nuclear
installations in Central and Eastern Europe and the former Soviet Union up to the safety
levels equivalent to those in the European Community was adopted as a fundamental and
priority objective.

In 1996 the RSWG published an important “Consensus Document on European LWRs”
updating an earlier one (1988), covering operational safety, source term and severe accident
prevention and mitigation. It integrated the results of the activities of the Community, IAEA
and OECD/NEA.

This document shows there has been some progress in harmonisation, beyond that already
achieved in 1988, when there had been agreement on basic principles of nuclear safety as
applied to LWRs.  However the degree of harmonisation (or otherwise) is area dependent, as
summarised earlier in Chapter 6.

Having agreed the basic principles, which are now reflected in IAEA Safety Standards, if
harmonisation is to proceed further it has to concentrate on quantitative technical matters.
Key conclusions are summarised in the next section.

��� &RQFOXVLRQV�RQ�6HOHFWHG�7HFKQLFDO�$UHDV

There is good communication between Western regulators and relatively small differences in
regulatory practices across the EU.  There is a considerable degree of harmonisation in the
acceptance of the IAEA safety principles.  Differences are primarily questions of
interpretation of the principles.

There are some differences in detail between different countries’ regulatory practices.  With
regard to source terms for DBA although progress has been made there is a lack of consensus
on both the methodology and the data to be used for licensing calculations.  There is for
example no consensus of the criterion to be used to determine whether the fuel cladding fails.
There is little incentive for regulatory bodies to choose the same set of assumptions,
particularly if the designs are different and the state of the art is insufficient to justify a best
estimate approach.

There is a wide consensus, reflected now in IAEA publications, on the need to consider
severe accidents both in existing plants and in the design of future plants.  However severe
accidents are outside the design basis envelope in most countries and there is no
harmonisation on methodology (beyond reference to PSAs) or cut-off criteria.

There is harmonisation on the benefits of PSA, but less harmonisation on the implementation.
Across the EU there is some consensus on the main elements but also a gap between
recommendation and practice.  There is a more common approach regarding methodology,
but plant specific considerations apply with respect to data collection.

There are clear benefits in ensuring best practice in the area of operational safety.  The
benefits of periodic safety reviews have been promoted by the Commission and there is
general agreement on the merits of risk based inspection.  However there are significant
differences in inspection philosophy and codes across the EU.
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Activities supported by the Commission have led to significant progress in harmonisation of
the requirements for NDT and on the environmental qualification of equipment.

The area of safety critical software has been proposed by the Commission as a fertile area for
further harmonisation.  The most important issues raised by the licensing of software
important to safety have been defined.  A consensus document on safety critical software has
been produced by the NRWG.

Progress has been made towards harmonisation on national standards for manufacture.  A
complete set of construction codes was issued as the ETC-M code for the construction of a
future LWR in Europe.

There is a good opportunity to harmonise the safety approach, the regulations and the
practices for new plant.  Harmonisation of EURs will be very important in achieving this
goal.  Many of the Commission’s harmonisation activities for existing plant will apply equally
to future reactors.

��� +DUPRQLVDWLRQ�LQ�WKH�*OREDO�&RQWH[W

These Community activities have been effectively complemented by activities of other
international organisations as described in Chapter 4.  The IAEA’s NUSS programme has
produced a large number of documents focusing on safety fundamentals, safety requirements
and safety guides.  Five Codes of Practice and more than 50 Safety Guides have been
published.  Although they are only recommendations with no obligations for the countries,
they have played an important role in the harmonisation of the safety regulations and
practices, especially within Central and Eastern Europe and the former Soviet Union.

The OECD/NEA also encourages harmonisation in national regulatory policies and practices.
Its most important contribution is not in the development of regulatory recommendations and
safety guides, but in facilitating the spread of knowledge through effective dialogue and
active co-operation in resolving technical issues. Thus confidence in the scientific and
technological background of nuclear safety criteria, rules and guidelines and applied
assessment methods has been increased, and has led to harmonisation of their utilisation. This
is a prerequisite for successful harmonisation of the regulations and practices. Of the five
Committees of the NEA, the CSNI and the CNRA are most relevant in this context.

Globally, a very important event was the adoption of the Convention on Nuclear Safety in
1994. It commits participating countries legally to maintain a high level of safety.  The
obligations are largely based on the IAEA’s Safety Fundamentals document "The Safety of
Nuclear Installations". The Convention is based on a common interest to achieve higher levels
of safety, developed and promoted through regular meetings of the Parties.  The Convention
obliges Parties to submit reports on the implementation of their obligations for "peer review"
at meetings of the Parties to be held at the IAEA. At the end of 1999, 52 countries had ratified
the Convention. The first Review meeting, held in 1999, confirmed its great value.

WENRA, a new organisation founded in 1999, has so far produced a relevant report “Nuclear
Safety in EU Candidate Countries”.  The report reviews the status achieved on nuclear safety
in the various EU Candidate countries, from the point of view of the regulatory regime and
NPP safety.  The status of improvements is generally more advanced in the Czech Republic,
Hungary and Slovakia; more significant improvements are required in Bulgaria, Lithuania,
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Romania and Slovenia.  One of WENRA’s main objectives is “to develop a common
approach to nuclear safety and regulation in particular within the EU” but no final document
on harmonisation has yet been produced.

In addition to global body initiatives above there have been a number of bipartite
collaborations on both the part of regulators (e.g. Sweden and Belgium) and also industry
(e.g. the EPR project) in the spirit of harmonisation.

Nuclear safety technology and management in Western Europe has reached a high degree of
maturity, and resulted in a very good operating performance and an excellent safety record.
The harmonisation of the safety criteria and requirements has made positive progress, and
today it has reached a status, which may be described as a high degree of equivalence between
the regulatory systems.  However there are differing degrees of harmonisation across specific
areas and in practices.  With regard to safety in the Central and Eastern Europe, according to
the Council of the European Union report, the situation in some countries is already
comparable to the Western countries, and is generally improving rapidly. However, further
efforts are needed in some countries to reach an equivalent regulatory system compared to the
West.  Harmonisation of the regulatory regimes and NPP safety standards has not yet been
achieved across the Candidate countries.

Safety upgrading programs (PHARE and TACIS) have been applied in the Enlargement
countries to increase the NPP safety to the internationally accepted level.  The upgrading has
been performed under Western leadership using Western suppliers of technology and Western
practices.  It is a visible contribution to the harmonisation process.

Although 100% harmonisation of the regulatory systems is not a reasonable/viable goal, even
reaching practical equivalence still requires continuing efforts. Some of the reasons for the
remaining differences are listed in Chapter 5. They include bureaucratic difficulties to change
laws and regulations, and differences in country-specific conditions and traditions, as well as
in plant designs.

The harmonisation question has become particularly important in relation with the
enlargement process of the EU.  Nuclear safety in the Candidate Countries must be at an
acceptable level. Further harmonisation of the regulatory systems within the Community
would make the comparison and judgement easier.  It is noted that the Council of the
European Union report on ‘Nuclear Safety in the Context of Enlargement’ takes a generally
positive view of the regulatory regimes and operating plants in the Candidate Countries.

��� 6XPPDU\

The overall objective of the work in this report is to advise the EC on future challenges and
opportunities in terms of enhanced co-operation in the area of nuclear safety and
harmonisation of safety requirements and practices in an enlarged European Union.  Part A
has provided an assessment of the main achievements from community activities carried out
under the Council Resolutions of 1975 and 1992, in relation to the above objective.

The European Commission has encouraged EU Member States to seek common practices on
safety related issues via the setting up of a number of working groups to facilitate discussion
with regulators and utilities.  In addition to licensing related matters, the Commission has
supported significant research activities within the Framework programmes.  These initiatives
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have in themselves fostered harmonisation through the exchange of information across the
EU.

Harmonisation of general safety objectives has been achieved across the EU.  There are
differences in practice, although these are generally small.  For current plant there are a
number of areas of agreement, e.g. in the area of operational safety and activities supported by
the Commission have led to significant progress.  The areas of disagreement (in practice, not
principle) relate to differences in different countries’ approaches in justifying the design basis
and their approach to beyond design basis.  Here the Commission has also encouraged
harmonisation, but there is a lesser need than for operational issues.

New challenges for harmonisation in the future have been identified.  The major challenge is
that posed by the EU enlargement process.  This will require harmonisation across plants of
widely different design, designed under widely different safety cultures.  These issues are
considered in Part C.  With regard to new plant, many of the Commission’s activities for
existing plant will also apply, but progress towards harmonisation will depend more strongly
on European utility requirements.
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Legislative and statutory frameworks are established for the regulation and safe operation of
nuclear installations.  These are defined in Acts which are enforced in the country of
operation.  Ministries and other organisations for defining health and safety laws and
standards are set up by governments.  Regulatory authorities are set up for the licensing of
nuclear installations and the enforcement of the laws.

The principal aims of a nuclear regulator are to provide a means to assure that nuclear power
plants can be operated safely.  Differences in approach reflect differences in local laws
governing the countries that operate nuclear power plants [8.1].  One example is that authority
may be exercised at different levels, at a state level and/or additionally at a more local or
federal level.  In some countries the whole licensing process is the responsibility of a single
licensing authority, in others the responsibility is apportioned among several organisations.

There are IAEA principles [8.2] governing the relationship between the regulator and operator
and in regard to safety responsibilities.  The regulator must be independent from an operating
utility.  The primary responsibility for the safety of a particular plant rests with the operator.
These are commonly accepted principles across the EU Member States.  Licensees must
produce quality assurance procedures to be assessed by the appropriate regulatory body.
Some but not all European regulatory bodies have formal procedures for their own work.

The regulator may fulfil its role in licensing and enforcement responsibilities in various ways.
It may retain within itself adequate resources and competences to carry out all its functions,
contracting out for specific technical support as required and appropriate.  Alternatively large
TSOs may be supported within the national regulatory framework, thereby ensuring that
significant competent resources are maintained.  The relativities between these two
approaches depend on a number of factors including the maturity of regulatory framework
within the country concerned and also the extent of deregulation of the national power
generating industry and its service organisations.  The number of people in the regulatory
bodies is quite different across the EU as well as the degree of involvement of the TSOs for
the technical support of the regulatory body.

Clearly, the historical backgrounds to nuclear safety are very different across Europe and
relate to governments of very different political persuasions.  Although some may claim
otherwise, the safety approaches and practices in the West have been largely open to public
knowledge and scrutiny.  A common principle has been that nuclear power plants should be
licensable in their country of origin and therefore US practices have had significant influence.
This has encouraged a collaborative safety culture over many years.  By contrast the EU
Enlargement Countries have moved within the last decade from a closed safety culture
embedded in the former Soviet political system to open safety cultures based on open
collaboration.  This has been facilitated through the influence of various IAEA, OECD and
European initiatives [8.3], [8.4].

European governments have supported the setting up of ministries and authorities to define
standards of safety for all nuclear and non-nuclear activities involving hazardous materials.
In some countries nuclear safety matters are entrusted to different ministries of government,
in others nuclear safety is managed within a ministry responsible for all the safety of all



$($7�5�36(*�����

$($�7HFKQRORJ\ ��

installations, whereby synergies can be exploited.  A common feature is that investment in
nuclear safety has exceeded that within other industrial operations.

Regulatory regimes fall broadly within two categories, prescriptive or otherwise.  In the
former case the requirements on methodologies, standards, quality assurance are prescribed
by the regulator.  The licensee must comply with these in submitting his safety case.  In
addition regulatory guidelines may be provided which the licensee must follow in the
production of his safety case.  USNRC regulations fall into this category, e.g. [8.5].

In a less prescriptive regime, the emphasis is on principles which are largely not quantitative
(except perhaps for certain parameters, e.g. dose limits).  The licensee must be compliant with
these principles but he may choose his own methodology of meeting them.  European
regulations are generally less prescriptive than in the US.  There is however some variation of
degree across the EU countries.

At the present time, there are significant differences in the approach to safety research.
During the rapid expansion of nuclear power during the 1970s and 80s large research
orientated programmes were set up by European Governments (often in collaboration with the
US) to advise and support the regulator, through the licensing stages of a large number of
plants under construction.  With the shift in emphasis towards maintenance of existing plant,
as opposed to the building of new plant, research work volumes have significantly reduced
and work has re-focussed towards operational safety of current generation plant [8.6].

Large technical support organisations are still retained in some countries to carry out safety
oriented research.  However since existing plants have already been licensed this is largely
oriented to studies of selected technical areas outlined in Chapters 3 and 6, e.g. severe
accidents and their management of PSAs and certain other topics of relevance to operational
safety, or to the future needs of possible new plants.  TSOs are  driven by regulatory priorities
in these broad areas.  In other countries particularly in those with a deregulated industry, the
regulator sponsors and directs safety research, in collaboration with the needs of the industry.
Such an approach tends to be more focussed on current operational needs.

The relationships between regulator and utility may vary from country to country.  Generally
the relationships are formal in respect of licensing, less so from the point of view of research.
However within the licensing relationships, there are differences.  Some regulators encourage
a collaborative approach and a continuing dialogue through the stages of a licensing
submission, others adopt a very formal approach, e.g. as in the US.

��� 'HVLJQ�%DVLV�$VVHVVPHQW

A generally accepted principle is that the design should include an appropriate application of
the defence in depth principle [8.7], i.e. that there are a number of levels of protection and
barriers to prevent the release of radioactive substances.  The principle is also to ensure that
failures or combinations of failures that can lead to serious radiological consequences are of
very low probability.  There may be differences in the implementation of the principle, e.g. in
levels of diversity and redundancy required from the safety systems.  Another issue is the
multiplicity and effectiveness of the various barriers, e.g. in relation to containment.

Within the EU, comprehensive safety assessment from the licensee is required to confirm that
the design of an installation fulfils the safety objectives and requirements.  This has to be
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done before the licensee completes his submission to the licensing body.  This assessment is
submitted in a SAR (Safety Analysis Report).  Specific approval by the regulatory body is
required before the start of operation on the basis of an appropriate safety analysis (and also a
commissioning programme).  The accident sequence groups and the accidents to be analysed
in the SAR may be prescribed by the regulator, but if not, are defined by the licensee as part
of his safety case submission.  The implementation of either approach is similar.  It should be
noted that within the EU Enlargement countries such comprehensive SARs are only now
being completed, after the Soviet designed plants have been in operation for some years.

The principles of traditional deterministic approach has been accepted over many years to
demonstrate the reliability and safety of design, i.e. items of equipment are designed and
manufactured to accepted standards, regulation, codes of practice etc. to ensure that the
equipment can take the duty required of it.

The majority of licensing submittals have been based on the EM (Evaluation Model)
methodology.  This was established on the premise that deliberate modelling conservatisms
are included to compensate for lack of knowledge of the governing phenomena.  This
methodology was based on the so-called Appendix K of the US Code of Federal Regulations
(10 CFR 50).

With improved understanding of the phenomena, there have been moves to relax the
conservative biases and assumptions of the EM, allowing the licensee to move further towards
BE (Best Estimate) methodologies.  Within the US this led to a revision of the Appendix K
rules in 1988 enabling licensees to apply BE methodologies, with the proviso that due
allowance is given to any remaining uncertainties in code, data or modelling.  The move
towards BE methodologies is also a common trend in most countries.

Different approaches have been proposed in respect of certain acceptance criteria, e.g. [8.8]
albeit to reach common safety objectives.

Basic deterministic safety assessments are now generally complemented by PSA studies [8.7],
to verify the overall design and system of operation.  Probabilistic targets may be set, e.g. in
defining doses to the public, frequencies of large releases etc.  Other targets may be set for
PSAs, e.g. targets relating to estimates of core damage frequency and threats to the
containment.

Probabilistic safety analysis studies consider typically 3 levels, core damage frequency (level
1), containment threats and source term release frequencies (level 2) and off-site
consequences and public risks (level 3).  Within the EU Enlargement countries there has been
the most attention to level 1; higher level PSAs are still in progress for many plants [8.9],
[8.10].  The current trends are to use best estimate methods for the frequencies and
probabilities used in PSA.  However where this is not practicable, conservative assumptions
may be made.  Regarding methodology, a study performed by Tractebel [8.11] concluded that
a common approach could be identified, (with appropriate variations), but for data collection
plant specific considerations need to be considered.

All plants are now scrutinised for common mode failure.  Common mode failures are
considered in the design of some but not all plants.  However, where this is not the case there
have been moves to achieve an acceptable level of diversity via upgrading of the reactor
safety systems.
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There are a number of facets relating to human factor issues.  There is a generally accepted
principle that the man machine interface should be considered at all stages in the design and
in operational practices.  Human factors are also being considered in PSAs in relation to
planned accident and recovery actions and to define improved procedures.

Emergency plans for accident situations must be prepared and exercised periodically.

Further IAEA principles are that there should be sufficient numbers of SQEP (Suitably
Qualified and Experienced Personnel) working in accordance with approved procedures.
Plant specific simulators provide suitable vehicles for training and assessment.  In general the
capabilities and limitations of human performance must be taken into account during the life
of a particular installation.  Control room operators are licensed by the utility in some EU
countries and by the regulators in others.

Several IAEA standards relate to site selection criteria to ensure that the nuclear installation is
suited to reliable operations.  Standards are set for a range of external hazards including fire,
flood, seismic protection etc.  These may be prescribed by, e.g IAEA NUSS codes.  It is a
common requirement across the EU that all these hazards should be evaluated for the lifetime
of the installation and re-evaluated periodically (usually during the plant periodic safety
review) to ensure continued acceptability.

Reactor protection systems, in accordance with their safety classification have to meet the
required manufacturing, inspection and operational standards.  These include national
standards and regulations, IAEA regulations, or regulations from other bodies, e.g. accepted
by the US regulator.

With regard to the qualification of electrical I & C equipment, it is shown [8.12] that whilst
the parameters used are strongly linked to specific design characteristics or the plant under
consideration, the general principles of qualification of the main elements of the
methodologies are similar within the European countries.

Safety critical software is also designed to prescribed QA standards which include design and
verification criteria.  There is a range of national, European and international standards.
There is a general consensus within the EU.  Recommended practices are supported by most
countries, even if not systematically implemented [8.13], [8.14].

An accepted rule is that all technologies incorporated in a design should be proven, i.e.
qualified by experience or testing.

The general approach for plant modifications is similar to that followed in the licensing of the
original plant, i.e. there are various steps that have to be gone through:

- application for the licence of the conceptual design,

- application for the licence of modification, and

- application for the licence to operate.
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With regard to maintenance and in-service inspection there are some differences in inspection
philosophy across the EU countries [8.15], [8.16].

A set of operational limits and conditions derived from the safety analysis must be defined to
identify safe limits of operation.  In all EU countries these are defined and appear in specific
documents (e.g. Tec Specs).

All operation, inspection, testing, maintenance and supporting functions have to be conducted
by SQEP.  Plant staffing and training are reviewed by the regulatory body.

Engineering and Technical support should be maintained throughout the lifetime of the
operation.  This is reviewed during periodic safety reviews but countries with small nuclear
programmes may have difficulties in maintaining engineering support.

The licensee must establish documented and approved procedures to anticipate operational
occurrences and accidents.  Some regulators require severe accidents procedures to be
included.

All incidents significant to safety must be reported to the regulatory body.  This is a common
practice within the EU.

All radioactive wastes must be minimised and meet standards for safe storage and disposal.

Coverage of decommissioning was not a requirement for the first power plants.  In most
countries the regulations stipulate that before the beginning of decommissioning the
programme must be approved by the regulatory body.

��� 6DIHW\�0DUJLQ�DQG�%DFN�)LWV

Periodic safety reviews of the plant are carried out throughout its operational lifetime.  These
must take account of all existing operating experience and any other information relevant to
safety that is currently available.  This is a regulatory requirement in all EU and EU
Enlargement countries.  The frequency of review varies from country to country.  Typically a
SAR is updated every 10 years, in some EU countries more often.

PSAs are increasingly being required as part of the regulatory process, for various reasons.
They are generally to demonstrate that no event sequence contributes in a disproportionate
way to the overall risk.  They are also used to demonstrate that there is no sudden increase in
risk for accidents that are outside of the design basis.  PSAs may be regularly updated
(referred to as living PSAs).  This is generally not a regulatory requirement as such but
updates are carried out by the licensee as a means of continuously monitoring the safety
margin of the plant.

In addition to the requirements of the original design basis analysis there are complementary
approaches, e.g. PSAs and severe accident assessments.  In the case of Russian designed
plants there have been in-depth reviews and revisions to the original DBA envelope.
Improvements, modifications and back-fits have been implemented in plants as a result of this
work.  There has also been interest in the LBB [8.17], [8.18] concept for Russian designed
plants.
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Back-fits are considered for two principal reasons, to extend the design basis of older plants
(e.g. by including improved safety systems) and also to extend the ability of the plant to
withstand severe accident conditions (e.g. by including hydrogen re-combiners).  Back-fits are
generally not regulatory requirements but are prioritised and carried out with the agreement of
the Licensee.

The implementation of emergency operating procedures and severe accident management
procedures/guidelines is governed by procedures for any other plant modification.  In this
case there would be a requirement for adequate training of the plant operators.  There are also
moves to extend emergency operating and accident management procedures from an event-
oriented basis for DBA to a more symptom oriented basis to mitigate severe accidents.

Relating to achievable safety margin the ALARP (As Low as Reasonably Practicable) or
ALARA (As Low as Reasonably Achievable) principles aim to force the licensee to do
whatever is reasonably practical to reduce risks.  The principles are part of the licensing
regulations in most EU countries.  In principle risk may be quantified via a CBA (Cost
Benefit Analysis) whereby the costs to industry are compared with the benefits to society.
The extent to which CBA is encouraged or allowed varies from country to country.

The safe management of NPP ageing has been considered in the EU context [8.19].  The
study showed general consistency of the objectives of the different countries.

��� 6WDQGDUGV�IRU�)XWXUH�5HDFWRUV

There are likely to be different safety approaches in the regulations and standards for future
reactors across the EU.  The building or not building of new plants is a politically sensitive
issue.  In countries where moratoria on building already exist there is no issue.  In countries
that are not favourable towards nuclear power the approaches to safety will depend on the
degree of risk that is deemed to be acceptable for the perceived benefits.

Whether current regulations and standards are appropriate for future reactors in a particular
country will depend on internationally accepted standards for the type of future reactor in
question.  Current regulations in some countries have already been extended to cover
evolutionary developments of basic reactor designs that have already been licensed elsewhere.
These would be expected to remain applicable.

There may need to be extensions in regulatory frameworks to cover developments in some
new areas, e.g. in safety critical software.

Future reactors are expected to have a greater provision against severe accidents.  The
extension of the design to cover severe accidents, e.g. as proposed in Germany would
represent a significant departure from currently accepted safety practices in many countries.
The French are adopting a common position.   Whether such an objective becomes a
regulatory requirement or not in a particular country will clearly have a major impact on
different national approaches to safety.

To be able to use BE methods for licensing is likely to be a common goal across the countries.
This trend is supported by regulatory authorities and industry for economic as well as safety
reasons.  However BE approaches with unbiased uncertainty estimates are still not yet a
practical methodology and it is not clear whether licensees will be willing to change from
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their current practices, particularly if their methodology is currently accepted by their
regulator.  Similarly Risk Informed Methods are currently being proposed by the USNRC but
development of these methods is still not mature (NB. in principle these methods are
applicable to existing plants).

A summary of some of the various different safety approaches has been given above.  Despite
being differences in regulatory frameworks, regulatory requirements, relationships with the
licensees etc., there are considerable similarities in the objectives and actual implementation
of safety approaches across the EU countries.  The objectives of the EU Enlargement
countries in respect of safety culture for nuclear installations are now common with those of
the EU.  There have been major advances over the last decade within the EU Enlargement
countries in implementation of these objectives.
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This Chapter has been produced using a standard questionnaire developed by AEA
Technology.  The questionnaire was used by the participants to give a summary of the
prevailing approach to the regulation of nuclear power plants in the EU and Candidate
countries.  In some cases the participants have completed the questionnaires based on their
knowledge, while in other cases there has been detailed consultation with the national
regulatory body.  The results of the questionnaire were also used to provide the summaries of
safety approaches given in Chapter 8, and the outline of EU Prevailing Practices given in
Chapter 10.

The appropriate parts of the questionnaire are reproduced below.  First EU Member States
with nuclear power plant are considered in the order: Belgium, Finland, France, Germany, the
Netherlands, Spain, Sweden and the United Kingdom.  The responses for the Candidate
countries which participated in this project are then given in the following order:  Hungary
and the Slovak Republic.

Annex 1 provides answers from the participating countries to a questionnaire in two
additional areas, the value of the EC Initiatives in Reactor Safety and on future objectives for
the EC programme.

��� %HOJLXP

PART 1 – NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"



$($7�5�36(*�����

$($�7HFKQRORJ\ ��

Protection of the population and the environment against the dangers of ionising radiation has
been outlined by the Law of 29 March 1958. This law has been modified several times. The
detailed stipulations of this law are given in the Royal Decree of 28 February 1963. This
Decree could be considered as the primary legislation on nuclear safety in Belgium. This
Decree provides the General Regulations regarding the radiation protection of workers and
sets out the responsibility of the license holder of a nuclear installation to cover his civil
liabilities resulting from his nuclear activities.  Article 6 of this Decree describes the license
regime for nuclear installation, the issuing of a nuclear license in the form of a Royal Decree
by the King as the Competent Authority and the intervention of the Special Commission on
ionising radiation. Article 15 describes the inspection of nuclear installations. The conditions
for the authorization of experts and of the inspection organisation have been set in articles 73
and 74, respectively. The Safety Authorities have to constantly amend and update the Decree
in order to introduce new concepts and to take into account international developments and
the European Directives. For instance, the Royal Decree of 25 April 1997 transposed the
Euratom/90/641 Directive to the Belgian law. It concerns the radiation protection of the
workers and among others it stipulates the obligations of employers and contractors. Related
to the Euratom 92/3 Directive, texts of Chapter IV of the Royal Decree of 1963 have been
adapted.

Nuclear safeguards were established before 1963 by the Law of 4 August 1955 on State
security in the field of nuclear energy. This law established the control of fissile materials in
Belgium as required before being able to obtain the enriched uranium for the research reactors
at Mol. The royal Decree of 14 March 1956 specifies the modalities of application of this law
and the imposed safety measures. Additional laws have been enacted to introduce the
commitments to international treaties. For instance, the Safeguards of the Euratom Treaty
have been introduced by the Law of 2 December 1957. The inspection and verification
activities by the IAEA were introduced by the law of 20 July 1978. The Belgian commitments
to the international non-proliferation agreements were covered by the law of February 1981
and the Decrees of 12 May 1989 and 16 July 1993.

The organisation of the nuclear safety authorities was established by the foundation of the
Technical Safety Department for Nuclear Installation (SSTIN) by the Royal Decree of 7
August 1981and the Department of Protection against Ionising Radiation (SPRI) by the Royal
Decree of 14 August 1981.

The SSTIN has been created within the Ministry of Employment and Labour and among
others co-ordinates the task of the various inspections services that oversee the health and
safety of the workers in nuclear installations. SSTIN has also proposed the appointment of the
Authorized Inspection Organisation, such as AVN. The AVN is the former nuclear safety
department of Association Vinςotte and is the authorized inspection organisation for nuclear
safety in Belgium.

The SPRI has been created within the Ministry of Public Health to perform several tasks such
as the control on the implementation of the General Regulation regarding the radiation
protection for the public and workers. It also performs secretarial tasks for the Inter-
Ministerial Committee for nuclear safety and state security in the nuclear field and prepares
and reviews regulations concerning ionising radiation.

Both SSTIN and SPRI have been integrated now in the Agence Fédérale de Contrôle
Nucléaire (AFCN/FANC), created by the law of 15 April 1994. Texts in the Decree of 1963
related to this integration have been adapted.
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1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The Belgian Nuclear Safety Authorities report to the Ministry of the Interior. Other nuclear
safety relevant Ministries are the Ministry of Employment and Labour, Ministry of Public
Health and Environment, Ministry of Justice, the Ministry of Foreign Affairs and the Ministry
of Economic Affairs. Organisations dealing with other aspects of nuclear energy, such as
CEN/SCK at MOL and the national waste management agency ONDRAF/NIRAS report to
the Ministry of Economic Affairs.

The Inter-Ministerial Committee for nuclear safety and state security in the nuclear field,
which has been created in 1979, has established the co-ordination plan of the nuclear safety
related activities of the ministerial departments.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

The AFCN/FANC is the Safety Authority and AVN the authorized inspection organisation.
AVN is in charge of many regulatory tasks and as such, acts as the primary regulatory body in
Belgium. The Safety Authority is part of the Administration, reports to the Ministry of
Interior and to the Parliament. It also responses to questions and requests from the
Government, Members of the Parliament and others. AVN is a private organisations and is
designated by the Public Authority and reports to the ‘Commission de Surveillance’. The
King is the Competent Authority for class 1 nuclear installation (includes nuclear power
plant) and therefore the relevant ministerial departments and their administration. The license
for these nuclear installations is provided by a Royal Decree of Authorisation.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

The AVN has its own Safety Studies Department. Only in very exceptional cases, AVN will
call on services from outside specialists (universities, research institutes) and these should not
have worked in the past for the operators of the NPPs.  AVN personnel are members of
international organisations and working groups of OECD/NEA (CNRA, CSNI), EU (Safety
Authorities Working Group and ENIS-G) and the IAEA (NUSSC).

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��HJ�GHULYHG�IURP�
86�VWDQGDUGV�"

The nuclear research reactor BR3 at Mol, which became operational in 1963, was the first
Westinghouse-type pressurized water reactor built in Europe. The BR3 served to develop the
technology and training of the first operators of the Belgian nuclear power reactors, which are
Doel 1 and Doel 2 of Westinghouse design and Tihange 1 of Framatom design. Both designs
are consistent with the US regulations, in particular 10 CFR50, Appendix I and the
Regulatory Guide 1.21. Enacted by a ministerial decree in 1975 the conventional Belgian
legislation has been replaced by the American nuclear safety rules. Also the ASME code has
been transposed to Belgian regulations.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

Regulatory inspections in case of the Belgian non-nuclear industrial sector are not performed
directly by the competent Authorities but are delegated by these to inspection organisations.
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This is also the case for the nuclear industry where the Safety Authority AFCN/FANC has
delegated the inspection to the authorized organisation AVN.

In addition, it could be remarked that the Royal Decree of 28 February 1963 on nuclear safety
and radiological protection has been incorporated (Annex D) into the Decree of 11 February
1946. This Decree provides the Règlement Général pour la Protection du Travail (RGPT), the
Belgian occupational health and safety regulations in the traditional industrial field.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

The Belgian Regulatory Body specifies particular (international) design codes. These are the
US Codes of Federal Regulations as well as the IAEA safety standards and codes. The format
and prescriptions in the Safety Report should conform to USNRC RG 1.70 and the safety
analyses should follow the Standard Review Plan. The quality assurance programme for the
nuclear installations conforms with the requirements of the reference code 10 CFR 50
Appendix B and the IAEA 50-C-QA code.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

The Regulatory regime could be described as prescriptive. After the Royal decree of
Authorization for the NPP has been signed and the AVN has issued the successive
authorizations during the staged commission process to nominal power, the AVN
permanently monitors the operators’ compliance to the license. The Technical Specifications
to which the operator should comply is part of the Safety Analysis Report (conforms to US
standards), which also refers to documentation with the operation procedures. Modifications
proposed by the operator, which improve the safety or have no impact on the safety, are
acceptable. However the AVN authorises the implementation of modifications. The restart
after refuelling outages will only be authorized by the AVN after they have verified the safety
analyses and tests by the operator.

��� ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

In general, the relation between the Regulatory Body (AVN) and the operator is through
formal exchanges.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"��
+RZ�LV�WKLV�ZRUN�IXQGHG"

The Development, Analysis and Support department of the Regulator Body (AVN) is
involved in generic safety studies. For instance it has been involved in European Utility
Requirements Documents, in safety analyses of waste storage of waste, bilateral programmes
in the framework of PHARE and TACIS. AVN is a non-profit organisation with financial
resources from the Administration. Inspections and analysis carried out for the installations
are invoiced to the operators (on basis of hours actually devoted).
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The Safety Authority (AFCN/FANC) is funded by the fees paid by the applicants for licenses
and by the nuclear utilities. The fees and the contributions from the utilities (proportional to
net electric power installed) are fixed by Royal Decree.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The defence in depth concept is an integrated part of the design of all nuclear power plants in
Belgium. This concept is found in the US safety rules applicable to these power plants and is
systematically applied. This concept is also incorporated in the design of additional systems to
address external events.

2.2 $UH� WKH� UHTXLUHPHQWV� VSHFLILHG� LQ� D� GHWHUPLQLVWLF� PDQQHU� �ZKDW� DERXW� HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

The design criteria are specified in a deterministic manner, for example single failure criteria.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��HJ�VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWHV�UXOH�"

Single failure criteria, independent safety systems and redundancy and diversification of
active safety systems are applied.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV� WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

USNRC accepted methodology used for selecting accident sequence groups to be analysed.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD�±�DQ�(YDOXDWLRQ�0RGHO�RU�DUH�³EHVW�HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

Evaluation model used.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

There are probabilistic criteria, for example the probability to exceed design criteria of
bunkerized buildings to resist aircraft crashes. This has been shown to be less than 10-7 per
reactor year. This has been analysed following the methodology specified in the conservative
USNRC rules.

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

The methods conforming USNRC rules.
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2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

Procedures for operations, tests and maintenance have regularly been updated. Procedures,
which are modified, are re-validated on the NPP simulator. Training on simulators is part of
the regular training of the operator. AVN, CEN/SCK and Tractebel (related to the utility)
participated in the HALDEN project of man-machine interface.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

Standards according to USNRC requirements are used, fire and seismic protection.
Requirements are updated as part of the ten-yearly safety reviews. Seismic qualification
programmes are consistent with relevant US rules (RG 1.70/SAR section 3.10 and 3.11).

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

USNRC approved standards such as IEEE, ANSI, ANS, ASME standards are used. Safety –
related systems such as the reactor protection system, are subject to qualification programmes
to the environment which they are situated and operated. These programmes are part of the
Safety Analysis Report. AVN conduct audits to verify the qualification files of the vendors or
engineers of the systems. Particular attention is given to verify and validate the safety critical
software and the quality assurance programmes applied to software production.

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

All modifications of a nuclear power unit proposed by the NPP operator are notified to the
Regulatory Body (AVN). AVN will follow-up only the safety related modifications. This
follow-up includes step by step acceptances, i.e. assessments and inspections that authorise
proceeding with the next step in the modification implementation process. Major
modifications, for example power increase, require substantial safety analysis and AVN must
then present a report to the ‘Special Commission” (a national commission on ionising
radiation, see article 6 of the Royal Decree of 28 February 1963). This procedure is similar to
the initial licensing and the modification has to be sanctioned by a new Royal Decree of
Authorization.

Modifications without impact on safety and which do not imply modification of the Safety
Analysis report and comply with all safety rules for the installation need only approval by the
Health Physics department of the nuclear power unit.

PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V��

PSA required in the safety review conform to the USNRC approach. During the last ten-
yearly safety reviews either PSA –1 or PSA-2 (without source term calculation) have been
performed for all the Belgian units. Power operation status as well as shut down status has
been considered.
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3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

Back-fits based on risk reduction have been implemented. In this process PSA are evaluated
as part of the regulatory process (ten-yearly safety review). No full scope PSA as performed
for some US NPPs.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�HJ�HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

Yes, during the assessment of safety margins as performed during the ten-yearly review,
reviews of national and international feed back were examined and the results of PSA for
power operation and shut down status have been taken into account. The field of accidents
that are considered as design-basis accidents has been extended.

3.4 +RZ�LV�WKH�FRQFHSW�RI�³$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH´�LQWHUSUHWHG�±�LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

There is a formal ALARA requirement in the regulations. The ALARA policy has already
been introduced in the Royal Decree of 28 February 1963, the principal nuclear safety
regulation. This policy is also incorporated in the license of each nuclear unit. Specific
ALARA procedures are applied in case of work with high dose rates (> 1 mSv/h), high
integrated dose (> 4 man.mSv).

There is a general policy to apply ALARA whenever it is possible. For instance, during
outage periods, actual-versus-estimated dosimetry trends are monitored daily and may result
in corrective actions.  There is no official ruling to perform cost/benefit analyses for
application of ALARA.

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ�K\GURJHQ
PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

Yes, for example as a result of the ten-yearly overhaul/safety reviews, back-fits beyond the
original design basis of the NPP have taken place. For example, autocatalytic recombiners
have been installed in the units, which did not have these before the review. Also containing
venting systems have been installed. In case of Doel 1 and 2 the original design base has been
extended to incorporate external accidents. Additional emergency systems were installed in a
reinforced building (bunker).

For back-fits deterministic arguments (including feedback of operating experience, national
and international) as well as insights from the level 1 PSA (including insights from PSA
based event analysis) are used.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

A full set of incident management procedures (I-procedures) and accident management
procedures (A- procedures) has been developed by the operator, NSSS designer and system
architect. Also symptom-based procedures have been introduced.
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These procedures are validated on a simulator. Completeness of the procedures has been
checked within the scope of licensing and acceptance of the installation by AVN. Review of
updates of these procedures is part of the plant quality assurance programme. AVN assesses
the quality assurance programme and QA-procedures.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"

No new nuclear power plants have been planned for the near future (In 1999 a moratorium is
issued by the Belgian Government). International developments in nuclear safety regulations
are followed by the AVN. These developments, the international documents and experience
feedbacks are evaluated and the applicability of these to the existing Belgian reactors is
considered. AVN has been involved in European research projects, such as the analysis of
main safety criteria for future reactors (evolutionary reactors and EPR).

4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

No extensions related to future reactors are currently being anticipated. International
developments will be followed (see 4.1).

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��HJ�GHWHUPLQLVWLF��36$�HWF�"

Not relevant, see 4.1.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

As far as this is an international, in particular a development which will be followed by the
USNRC.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

AVN follows the developments in the US.

��� )LQODQG

PART 1 – NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

Nuclear Energy Act and a supporting Nuclear Energy Decree 1988 cover e.g. the construction
and operation of nuclear facilities and the possession, fabrication, production, transfer,
handling, use, storage, transport, export and import of nuclear materials and nuclear wastes.
Section 2 (General principles) and Chapter 9 (Radiation work) of the Radiation Act and
Decree 1991 are also applied to the use of nuclear energy. Based on the Nuclear Energy Act,
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the Council of State (Government) has issued several Decisions (VNPs). Detailed safety
requirements are provided in YVL Guides (“YVL” stands for “NPP”) prepared by STUK (see
below). The operating licenses are granted for a limited period of time, usually for about ten
years. There is also an Act 1069/83 and Decree 698/97 on STUK.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The Ministry of Trade and Industry has the overall authority for the use of nuclear energy, but
the regulatory body, STUK (Radiation and Nuclear Safety Authority), is administratively
under the Ministry of Social Affairs and Health. The Ministry of the Interior has the
responsibility for security and the protection of the public in emergency situations. The
Ministry of Foreign Affairs is the authority regarding nuclear safety in regions surrounding
Finland and non-proliferation of nuclear weapons.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

STUK (see above) is the primary regulatory body. It is an independent governmental
organisation for the regulatory control of radiation and nuclear safety. The current act on
STUK was given in 1983. STUK has no responsibilities or duties possibly conflicting with
regulatory control. No construction or operating licenses for nuclear facilities may in practice
be issued without STUK’s statement on the fulfilment of the safety regulations.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

There are no officially dedicated technical support organisations (TSOs) for STUK, but in
practice STUK’s main TSO is VTT (Technical Research Centre of Finland). Other important
TSOs are LUT (Lappeenranta University of Technology), HUT (Helsinki University of
Technology) and GTK (Geological Survey of Finland). All these expert organisations also
work for the nuclear industry. Hence, if necessary to ensure independence, STUK may also
use foreign TSOs. The TSOs carry out R&D and make reviews to support STUK’s decision
making.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��HJ�GHULYHG�IURP
86�VWDQGDUGV�"

When the Loviisa NPPs were being designed and built, the US requirements provided a
starting point for the approach to nuclear safety and licensing. However, over the years
national safety requirements have been developed independently resulting in a comprehensive
national legislation and other regulations. Finland has also signed and ratified the Convention
on Nuclear Safety, and has implemented its obligations.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

STUK is responsible for radiation and nuclear safety only. There is another body, TUKES
(Safety Technology Authority), for regulation of other industrial hazards. In comparison with
other industries the safety of nuclear installations has attracted more scrutinity and
investments.
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1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

Particular design codes are not specified, but VNP 395/91 (Council of State Decision on the
Safety of NPPs) and YVL Guide 1.0 (Safety Criteria for Design of NPPs, 1996) specify the
requirements for the design of nuclear power plants. These documents have been recently
revised in anticipation of possible construction of a new plant in Finland.

The safety level shall be raised as high as reasonably practicable, and the radiation exposure
shall be kept as low as reasonably achievable.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

There is quite a comprehensive system of regulations and safety guides. It is probably more
prescriptive than in many other countries, but it has been written in such a way that it does not
restrict or limit neither the development of safety nor the safety culture of the licensees. Much
of the contents of the YVL Guides is guidance on how to pre-sent various issues to STUK for
review, and most technical requirements are general goals and acceptance criteria rather than
descriptions how to meet the requirements.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

The relationship between the Regulator and the utilities is viewed as collaborative, although it
is formal in respect of licensing. For example, the licensees are always given the opportunity
to comment on the draft YVL Guides during their development. The YVL Guides present one
acceptable way to fulfil the safety requirements. Other ways may be proposed.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

STUK plays an active role in sponsoring and directing safety research. Safety research is
mainly financed by the Ministry of Trade and Industry, STUK and also by the research
institutes budget funding, VTT in particular. The costs of regulatory control are charged in
full to the licensees.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The ‘Defence in Depth’ concept introduces different levels of defence, from prevention of
operational failure, to the mitigation of radiological consequences, should a failure occur.  For
design basis assessment it needs to be demonstrated that these are sufficient levels of defence
to meet the acceptance criteria for the relevant category of event.  These criteria ultimately
ensure that radiation exposure does not exceed prescribed limits.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"
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The requirements are specified in a deterministic manner. A conservative approach is applied
to the choices and assumptions made in the analyses. Sensitivity analyses must be performed
with regard to the analysis methods and initial parameters. The deterministic analyses must be
complemented with Level 1 and 2 PSAs. The requirements for equipment reliability and
maintenance depend on their safety class. There are specific reliability requirements for the
most important equipment. It must also be possible to service, inspect and test them over the
entire design service life of the plant.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��HJ�VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWH�UXOH�"

A single failure in the safety systems and a simultaneous inoperability of a component
affecting the safety function due to repair or maintenance is assumed. A time of 30 minutes
for any operator action is generally assumed, but any time applied must be justified. An
acceptable conservative approach is described in YVL Guide 2.2.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV���VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

No fixed list of sequences is prescribed. Selection criteria are given in YVL Guide 2.2 and a
few examples of initiating events are mentioned (e.g. LOCAs). The analyses shall be focused
on events, which by their nature and severity cover different types of incidents and accidents
as well as possible. Events, which are the most restricting with regard to the function and
dimensioning of each safety system, have to be analysed.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD�±�DQ�(YDOXDWLRQ�0RGHO�RU�DUH�³EHVW�HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

Certain choices and assumptions have to be conservative, but the calculations themselves are
generally best-estimate. Sensitivity analyses have to be performed with regard to the analysis
methods and initial parameters, e.g. in order to identify essential processes and edge
phenomena and to clarify their effects.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

E.g. for core damage the probabilistic target is 1x10-5 per year, and for larger releases 5x10-7

per year. The analysis is expected to be somewhat conservative.

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

Diversity and separation principles are to be applied in order to prevent common-cause
failures. Extensive failure analyses have to be performed. These issues are dealt with in YVL
Guide 2.7.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

The Council of State Decision 395/91 states that special attention shall be paid to the
avoidance, detection and repair of human errors. YVL Guide 1.0 requires that specific
attention shall be paid e.g. to control room design and activities, physical work environment
and component accessibility. Human errors shall also be considered in failure analyses (YVL
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2.7), and the possibility of multiple human errors shall be assessed in the PSA. Necessary
measures to avoid or reliably detect errors shall also be planned.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

In general it must be demonstrated that the most important safety functions will remain
operable in spite of any natural phenomena (like earthquakes) or other external events
estimated possible. Earthquakes are dealt with in YVL Guide 2.6. Fire protection is
considered very important and is dealt with in detail in YVL Guide 4.3.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

YVL Guide 1.0 specifies the requirements for the protection systems. Both diversity and
separation principles have to be applied. Numeric design objectives (minimum reliabilities)
are specified for the most important protection systems. A specific YVL guide for safety
critical software is being prepared.

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

STUK’s approval of the planned modifications must be obtained prior to their
implementation. The changes must be justified, and the technical descriptions, the relevant
analyses and the effects on the PSA results must be given. Their accuracy must be consistent
with at least the FSAR.

PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��H�J��WKURXJK�36$V�"

Yes, there is. There are several numerical design objectives, which must be satisfied. The
margins are being assessed through PSAs, level 1 and 2. The mean value of the probability of
core damage must be less than 1x10-5 per year. The mean value of the probability of a release
of cesium-137 exceeding 100 TBq (severe accident) must be smaller than 5x10-7 per year.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

Yes, they are. Before giving a statement about the construction permit, STUK must be
provided with a preliminary PSA (“design phase PSA”), whose acceptability it will assess.
Level 1 and 2 PSAs must be submitted to STUK at the latest in conjunction with the
application for an operating licence. The PSAs must also be updated from time to time, and
living PSA tools are used by the operator and STUK.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�HJ�HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

Not relevant.

3.4 +RZ�LV�WKH�FRQFHSW�RI�³$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH´�LQWHUSUHWHG�±�LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"
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The concept has not been interpreted and applied quantitatively. Open discussion is
encouraged and decisions are made on a case by case basis, applying qualitatively the
ALARA approach..

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��H�J�
K\GURJHQ�PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

Yes, there is. It is stated in Section 27 of VNP 395/91 that “Operating experience from NPPs
as well as results of safety research shall be systematically followed and assessed. For further
safety enhancement, actions shall be taken which can be regarded as justified considering
operating experience and the results of safety research as well as the advancement of science
and technology.” A specific requirement was issued already in 1986 to upgrade the operating
plants to withstand severe accidents. This includes hydrogen control.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

The EOP and SAM plans, as well as corresponding staff training plans have to be submitted
to STUK for approval.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"

The current regulations and standards are appropriate for future evolutionary light water
reactors.

4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

Not answered.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��H�J��GHWHUPLQLVWLF��36$�HWF�"

Severe accidents have to be considered already at present, both in deterministic and PSA
analyses.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

“Best estimate” methods are already used extensively. Development of new “uncertainty
methods” are being followed.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

Greater use of “risk informed” methods is anticipated, as well as investigated and
demonstrated. PSAs level 1 and 2 are already required, and they have to be updated to
correspond to the operating experience and to any changes made during design, construction
and operation. Living PSA tools are used in practice by both the regulator and the plant
operator. PSA is also used to assess whether the deterministic safety analyses cover the
various types of accidents sufficiently well.
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PART 1 – NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

One of the important legislation documents for nuclear energy in France is the Decree on
Nuclear Installations issued in December1963. Several decrees complete the initial law,
among which:

- A decree concerning the containment issued in June 15, 1970

- A decree concerning the primary circuits in February 26, 1974

- A decree concerning the request for quality for the concept, the construction and the
exploitation of nuclear plants dated August 10, 1984.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The Ministry of Industry and the Ministry of Environment. The Ministry of Health is also
concerned.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

The Minister for Industry and the Minister for the Environment are the licensing authorities
and are responsible for matters related to nuclear safety.

The regulatory body is formed by the ministries and represented by DSIN (Direction de la
Sûreté des Installations Nucléaires) within the Ministry for Industry and at the disposal of the
Ministry for Environment. DSIN is responsible for regulation and inspection of the plants. For
the latter activity, DSIN relies on local services (DIN) linked to the regional directions of
Industry, Research and Environment (DRIRE).

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

7KH�VXSSRUW�RUJDQLVDWLRQV�DUH�

- IPSN (Institut de Protection et de Sûreté Nucléaire) is responsible for performing analyses
of reactor concepts, operating conditions and safety reports. IPSN has capacity for
performing his proper Research Programme.

- $GYLVRU\�FRPPLWWHHV�

• CSSIN (High Council for Nuclear Safety and Information) linked to the Minister of
Industry and to the Minister of Environment

• CIINB (Inter-ministerial Commission for Basic Nuclear Installations) provides advice
on drafting and formulation of basic nuclear regulations.

- *URXSV�RI�H[SHUWV�
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• Groupe Permanent (GPR): examines the analyses performed by IPSN and makes
recommendations to DSIN. Its role is fundamental in the appreciation of the safety
of Nuclear Installations.

• Section Permanente Nucléaire (SPN): is consulted for the regulatory aspects
concerning pressurised vessels.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��HJ�GHULYHG�IURP
86�VWDQGDUGV�"

France has originally developed its own safety approach for its proper reactors developed
since the 50s. Since the PWRs were initially constructed under Westinghouse licence, the
American approach was also considered and has been improved. Of major influence were the
accident acceptability criteria issued by the NRC in 1973 and the WASH 1400 report
introducing PSAs.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

Not answered.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

Basic Guidelines for the safety RFS (Règles Fondamentales de Sûreté) are written by DSIN.
These guidelines explain the conditions which are sufficient to ensure nuclear safety.

No particular design codes are proposed by DSIN. If, in the beginning, American design
codes were used (ASME), proper design codes (RRC: Règles de Conception et de
Construction) have been later on developed by the French industry, and more recently
discussed in connection with the German industry. These design codes are examined by the
safety authority and it is verified that the requirements concerning the defined safety
objectives are fulfilled.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

The basic safety rules are not prescriptive. The utility (EDF) is responsible for the safety of
his plant. Different solutions may be proposed by the designer or the utilities if it is shown
that the basic safety objectives are met.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

The relationship between the Regulator and Utilities is basically viewed as collaborative but
are formal with respect to the licensing issues. Collaborative work and exchanges of results
are the reference objective for Research and Development.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"
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The Research in the field of nuclear safety is mainly led by two organisms: IPSN in support
of DSIN and CEA, basically in support of the industry. These programmes are executed is a
collaborative context. Costly R&D actions are supported in a common way (CATHARE,
PHEBUS, …). The Research is partly funded by funds from the Ministries, from the Industry
and from European and International Community (PHEBUS, ..).

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The 'Defence in Depth' concept requires actions, equipment and procedures which are
regrouped in different levels, each of which has the objective to prevent degradation leading
to the next level and limit consequences of the failure of the preceding level. The
calculations’ hypotheses which are used for the deterministic approach are conservative. This
approach complies with the IAEA document INSAG 10, concerning principles of 'Defence in
Depth', issued in 1995.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

The RFS provide details on the level of tolerable conditions. It is the operator's responsibility
to demonstrate that these limits are not exceeded. Requirements of  Equipment reliability and
Maintenance are specified by the operator and evaluated by the Safety Authority.

���� :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��HJ�VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWH�UXOH�"

Single failure rule applies. It has to be demonstrated that the safety systems perform their
function for any initiating event within the design basis. 30 minutes grace delay applies for
the EPR concept, which supposes that the safety objectives are met even if there is no
intervention of the operator during the first 30 minutes.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

There is a reference list concerning design basis accident and which may depend on the
specificity of each plant. However this list is not prescribed nor definite. Complementary
operating conditions (Conditions de Fonctionnement Complémentaires) are also considered
which have, in principle, a lower probability of occurrence. Operating conditions from this list
may become part of the design basis list , depending on plant specificity or on the result of
new, more recent, investigations.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD�±�DQ�(YDOXDWLRQ�0RGHO�RU�DUH�³EHVW�HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

There are no prescriptions for the deterministic analyses. It is the responsibility of the
Operator (EDF) to develop a methodology which meets the safety requirements.
Conservative assumptions are made, depending on the safety objective to be met. Uncertainty
evaluations are made taking into account "reasonable variation ranges".

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"
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The targets for probabilistic assessments were initially set by DSIN to EDF in 1978. The
main objectives are:

- The overall probability of reaching unacceptable consequences should be lower than 10-6

per reactor and per year (this is an objective and not a requirement).

- It is suitable that the Operator (EDF) uses probabilistic approaches in support of his
demonstrations

- Best estimate hypotheses and methodologies may be used

- Simultaneous failure of redundant systems should be investigated in this framework.

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

All safety systems are analysed to identify possible common mode failures. Provision for
redundancy and diversity is requested.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

Human factor is recognised as a significant aspect of safety and is taken into account in the
’Defence in Depth’ approach. It is taken into account in probabilistic assessments. Functional
redundancy is ensured by the presence of a Safety Engineer on each site (ISR). The operators
are trained on simulators. Statistic data concerning human factor are also deduced from
observations of human behaviour on simulators and in real conditions. In the control room,
the necessary information for safety is ergonomically presented. The Safety Engineer is
assisted by computer diagnostic. In order to avoid some difficulties linked to the application
of procedures linked to the Event oriented approach, the Symptom oriented approach
(Approche par Etats) has been developed by EDF. This approach simplifies the analysis of
the plant behaviour and clarifies operator actions for accident management.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

The demonstration must be made that the operator can ensure the safe operation of his plant
taking into account internal and external hazards (fire, seism, flood, explosion, missile and
aircraft impact). A Safety augmented seism (SMS) is defined. This SMS corresponds to the
Maximum historically plausible seism (SMHV) augmented by one level on the MSK
(Medvedev-Sponheuer-Karnik) scale.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

All Systems recognised as Important for the Safety are subjected to stringent standards for
manufacturing, inspection, operation and maintenance. These standards and their application
are controlled by the Safety Authorities during all the life of the plant and systematically at
every 10 year control period.

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

Plant modifications are subjected to similar guidelines and control from the safety authority as
used for the original plant. Modifications of operating procedures and accident procedures
must also be submitted to the safety authority.
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PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V��

The safety of each plant is assessed during periodic safety reviews or following plant
modifications. PSAs are used (Event tree, Markov approach for the evaluation of repair
actions).

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

PSA are examined as part of the regulatory process.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�HJ�HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

As part of the 'Defence in Depth', there are additional approaches used for the assessment of
the safety margins. Complementary operating conditions are considered as well as beyond
design conditions which may lead to a core melt-down probability higher than ~10-7. Thus,
possible implications of severe accidents are analysed. Complementary procedures (H) and
ultimate procedures (U) are derived from this analysis.

3.4 +RZ�LV�WKH�FRQFHSW�RI�³$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH´�LQWHUSUHWHG�±�LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

Unless the expense is in gross disproportion to the consequential reduction in risk, the
operator must undertake the expense related to a system reducing risk.

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ�K\GURJHQ
PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

Some plant modifications may be conducted by the Operator for systems which increase the
safety margins. For instance, for beyond design accidents, sand filtering systems have been
installed for assuring containment integrity by containment depressurisation, if necessary.
Another example is the demand from DSIN for installation of hydrogen recombinors.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

Regulatory approval is required for the implementation and/or modification of all safety
oriented operating procedures.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"
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 Current standards will be further improved for future reactors.

4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

A French - German harmonisation for the safety approach for future reactors has been decided
in 1989. The safety authorities of both countries formed the DFD in 1990 (Deutsche-
Französische Direktion). This entity regroups the Director of DSIN on the French side and the
Director of BMU on the German side (Bundesministerium für Umwelt, Naturschutz und
Reaktorsicherheit) with the support of IPSN and GRS and joint examination by GPR-RSK. In
1991, DSIN has published a "letter of orientation" describing suitable improvements of the
safety of future PWRs. In 1992 DFD decided that the main options for the safety of future
reactors would be established in a common way between DSIN and BMU with the common
agreement of their experts IPSN and GRS. This common position has been published in June
1993.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��HJ�GHWHUPLQLVWLF��36$�HWF�"

The recommendation of the safety authorities is to use PSAs from the start of the concept
studies. The accident conditions which may lead to important releases in the short term should
be "practically eliminated". Accidents involving core melt should not involve releases which
would require long-term population displacement and no long-term limitations concerning
alimentary products. This requires a decrease of the source term S3 by a factor 100 to 1000.
The 'Defence in Depth' will be improved (more situations and initiators considered,
improvement of the Aid to Diagnostic System, the risk of melt-through of the basemat should
be eliminated, the containment should resist the deflagration of the maximum quantity of
hydrogen expected…). For the EPR, these objectives could be met by several measures, as for
instance:

- more redundancy,

- improvement of the safety water supply to the steam generators,

- no action of the operators may be necessary during the first 30 min of an accident,

- improvement of the separation of the different lines,

- recombiners would be installed in the containment,

- double-wall containment with filtering,

- provision for a core-catcher.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

Best estimate methods are anticipated to be more greatly used in the future.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

��� *HUPDQ\
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PART 1 - NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

In Germany the primary legislation is dominated by the federal constitution.

Act on the Peaceful Utilization of Atomic Energy and the Protection against its Hazards
(Atomic Energy Act-Atomgesetz) of December 1959 as amended and promulgated on 15 July
1985, last amendment by Act of September 12, 1996 Artikelgesetz).

Ordinance on the Protection against Damage and Injuries caused by Ionizing Radiation
(Radiation Protection Ordinance) of October 13,1976 revised june 30,1989, last amendment
by Ordinance August18, 1997.

Act on Precautionary Protection of the Population against radiation Exposure (Precautionary
Radiation Protection Act) of December 19, 1986. last amendment opf June 24,1994.

Ordinance concerning the Financial Security Pursuant to the Atomic Energy Act (Nuclear
Financial Security Ordinance) of January 25, 1977 last amendment September 25, 1990.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

Regulatory responsibilities are with the competent Ministries of the Federal States
(Länder).

Federal Ministry for Environment,  Nature Conservation and Nuclear Safety (mainly
Supervisory Functions).

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

Competent Ministry of the State where the nuclear facility is located.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG���ZKDW�LV�WKHLU�UROH"

Federal Agency for Radiation Protection (Bundesamt für Strahlenschutz- BfS) assists the
Federal Ministry for Environment, Nature Conservation  and Nuclear Safety in radiation
protection matters.

Reactor Safety Commission (RSK) provides consultancy and support to the Federal Ministry
for Environment, Nature Conservation  and Nuclear Safety.

GRS (Gesellschaft für Reaktor- und Anlagensicherheit) provides consultancy to the Federal
Ministry for Environment, Nature Conservation  and Nuclear Safety.
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Technische Überwachungsvereine (TÜV), occasionally  in collaboration with GRS, provide
safety assessment and inspections  for and on behalf of the competent Authorities of the State
(Land).

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��H�J��GHULYHG�IURP
86�VWDQGDUGV�"

Development of rules and guidelines not directly linked to US practice, but many similarities
may be found.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\?

General Accident Prevention Laws and Rules are traditionally applicable to all industrial
installations. Nuclear Safety regulations and practice have a deeper and broader influence on
design and operation of nuclear facilities.

1.7. 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV���LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

Nuclear Power Plant Safety Criteria , promulgation as of October 21,1977
Several Interpretations of the Safety Criteria.

Guidelines of the Reaktor Sicherheits Kommission (RSK) for Pressurized Water Reactors.

KTA Rules and Guidelines.

Conventional technical rules and guidelines for pressure vessels (e.g.DIN Norms etc).

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

Submissions for license applications have to comply with a number of basic formal
requirements, laid down in specific guidelines,  e.g. specifying the content of the Safety
Report.  Full responsibility of the content remains with the applicant.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�5HJXODWRU�DQG�XQWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LVW�LW
WKURXJK�IRUPDO�H[FKDQJH"

Quite naturally, it is considered as collaborative under formal requirements.

1.0. 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

Reactor Safety research has been practically determined by assumed or existing gaps of
scientific-technological knowledge in safety issues. Funding of projects in general through the
Federal Ministries for Research and/or Economics, frequently in collaboration with industry.
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PART 2 - DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH��'HIHQFH�LQ�'HSWK��FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

Functionability of multiple barriers ( fuel matrix, fuelrods, pressure resistant coolant system,
containment-system, secondary containment functions) has to be warranted.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

Yes, basically. Redundancy, diversity and physical separation of redundant and/or diverse
systems are subject to reliability assessment. Deterministic analyses are supplemented by
probabilistic assessment of safety related systems and components.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��H�J��VLQJOH�IDLOXUH���LWV�LQWHUSUHWDWLRQ�
���PLQXWH�UXOH�"

The safety concept gives preference to automatic control of plant operation. Manual operator
intervention to activate designed safety systems should not be anticipated  within the first 30
minutes period of an incident.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

 Basically, the assessment is closely linked to the requested analyses specified within the
relevant sections of the Safety Analysis Report.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD���DQ�(YDOXDWLRQ�0RGHO�RU�DUH��EHVW�HVWLPDWH�
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

Analyses of the efficiency of engineered safeguards (e.g. the Emergency Core Cooling
System) performed with best estimate codes involving a number of conservative input
assumptions. Results are evaluated against allowable limits (e.g. maximum cladding
temperatures) or topped with  safety margins ( e.g. maximum containment presssure) covering
predictive uncertainties.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

Probabilistic targets are studied within the frame of the  probabilistic assessment of safety
related systems and components supplementing the deterministic design basis assessment.

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

See response to 2.2.

��� :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"
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Not within the frame of design basis assessment, several systems largely automatised.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

Not answered.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

Not answered.

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

Major plant modifications would be treated similar to the licensing procedures. Strictly
safety-oriented plant modifications ( e.g.the containment venting system) have been subject to
a simplified procedure ( e.g. no need for public hearings).

PART 3 - SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V�"

Periodic Safety Reviews help to identify weak points associated to the operation of the NPP.
Periodic Safety Reviews are requested to be performed every 10 years.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

Periodic Safety reviews are performed under the auspices of the Regulatory Bodies
responsible for the operation of the NPP.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV���LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV���HJ�HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

Not answered.

3.4 +RZ�LV�WKH�FRQFHSW�RI��$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH��LQWHUSUHWHG���LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

Safety first!

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ��K\GURJHQ
PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

Yes, improvements on hydrogen management and / or containment venting have been
considered as strictly safety oriented measures based on mutual understanding to reduce
residual risks.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"
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EOP and SAMG are subject to intensive assessment within the frame of the evaluation of the
plant operators’ handbooks.

PART 4 - STANDARDS FOR FUTURE REACTORS

German Government  and industry have agreed on a "Consensus" to terminate the use of
nuclear energy within an approximate 30  years period; hence at present standards for future
German nuclear power stations are no more under consideration.

��� 7KH�1HWKHUODQGV

PART 1 – NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

The Nuclear Energy Act (keW) of 1963. This act set out the basic rules on nuclear energy,
makes provisions for radiation protection, designates the various competent authorities and
outlines their responsibilities.

The Environmental Protection Act (Wm). This act stipulates in compliance with the EU
council Directive 97/11/ that an Environmental Impact Assessment shall be presented in case
a license would be applied for a nuclear installation. This act also regulates all non-nuclear
environmental issues of such a license.

General Administrative Law Act (Awb). This act sets out the procedure for obtaining a
license, including the procedures for making objections and appeals by the general public.

In addition to these acts, nuclear safety regulations are provided in a number of decrees. The
most important of these are:

The Nuclear Installations, Fissionable Materials and Ores Decree (Bkse) from 1969, last
amended in 1995.

The Radiation Protection Decree (Bsk) which will be superseded by (Bs-2000) in May 2001.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The relevant Ministries are:

Ministry of Economic Affairs (EZ).

Ministry of Social Affairs and Employment (SoZaWe).

Ministry of Housing, Spatial Planning and the Environment (VROM).

In addition any other ministers whose departments may be involved, for instance the
Ministries of Justice, Foreign Affairs, the Interior and Health, Welfare and Sport. Each
Ministry oversees the nuclear activities in its field of competence. In addition to the ministry
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of VROM also the ministry of Transport, Public Works and Water Management would be
involved in case the license includes releases into surface waters.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

In accordance with the Nuclear Energy Act a number of ministers is jointly responsible for
the licensing, assessment and inspection of nuclear installations.

- The Nuclear Safety Department (KFD) of the Ministry of SoZaWe. Recently the KFD
has been be transferred to the Main Inspectorate of the Ministry of  VROM.

- The Directorate for Chemicals, External Safety and Radiation Protection (SVS) of the
Ministry of VROM.

- Environmental Inspectorate (IMH) of the Ministry of VROM.

- The Electricity Directorate of the Ministry of EZ.

- The Nuclear Security and Safeguards Section of the Ministry of EZ.

The main bodies for the inspection of nuclear installations are the KFD and IMH.

The KFD is the main regulatory body and encompasses all major reactor safety disciplines.

The main task of SVS is the policy development and implementation in the field of radiation
protection in relation to the public and the environment. The National Institute for Public
health and Environment provides the scientific support of SVS.

The IMH is responsible for supervising the radiation protection in the vicinity of nuclear
installations.

The “Inspectorate for workers safety” of the Ministry of SoZaWe is in charge of the
assessment of the radiation protection of the workers, for instance to monitor the individual
workers dose  (dosimetry database system).

It has been envisaged that the present co-ordinating role of the ministry of EZ in issuing
licenses for nuclear installations will be taken over by the ministry of VROM. The ministry of
EZ will keep its responsibility for energy supply issues, in the framework of the Nuclear
Energy Act.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

The National Institute for Public health and Environment (RIVM) supports the Ministry of
VROM. Personnel of RIVM have a civil-servants status. RIVM takes care of the sampling
and dosimetry in the vicinity of the nuclear power plants and reports these results to IMH. In
case of emergencies other national institutes will be involved.

The KFD could subcontract third parties and technical safety organisations (national and
international) for work, which is outside its core disciplines.
“Het Stoomwezen B.V ” (pressure vessels inspectorate) has been authorised by the regulatory
body to issue licences on behalf of the government. This inspectorate does design
assessments, the examination and pressure test of structures and components and in-service
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inspections, for example it checks the integrity of the pressure boundary of the primary
system.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��HJ�GHULYHG�IURP
86�VWDQGDUGV�"

The approach to nuclear safety has been derived from US AEC /NRC standards. Both nuclear
power plants have been designed originally according to these standards. The Dodewaard
NPP is based on the MARK I design of General Electric. The Borssele NPP follows the
Westinghouse design, although it has been designed and built by Siemens/KWU.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

An Environmental Impact Assessment is submitted as part of the procedure to obtain a
construction license for nuclear installations as well as any other industrial activity. This
action is described in Chapter 7 of the Environmental Protection Act, which implements the
Council Directive 97/11/EC.  Risk-analyses have been performed for large industrial sites as a
consequence of the Post-Seveso Directives. This can be considered as an equivalent to the
PSA for nuclear reactors. The Directorate SVS of the ministry of VROM is the responsible
authority for the safety assessment of a non-nuclear installation and a nuclear installation. The
responsibility for the latter one is shared with the KFD.  The crises centre of the Ministry of
VROM co-ordinates the response to the conventional environmental emergencies as well as to
nuclear emergencies.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

Pursuant of the National Energy Act a system of detailed rules and regulations has been
established in the areas of the design, operations and quality assurance of nuclear power
plants. This system is referred to as the Nuclear Safety Rules (NVRs). This system has been
based on the IAEA Codes and Safety Guides of the IAEA Safety Standards Series (SSS). The
NVRs have been developed under the responsibilities of the Minister of Social Affairs and
Employment and the Minister of Housing, Spatial Planning and the Environment.

The level-1 NVRs are adapted and amended IAEA Codes (Design, Operations and QA). The
level-2 NVRs are the IAEA Safety Guides and IAEA reviewed amendments. The level-3
NVRs are additional and detailed requirements, such as the NVR 3.10 which describes the
safety assessments for external events. In addition, the safety assessment of components are in
accordance with the guidelines of the Stoomwezen BV (Pressure Vessels Inspectorate), which
have been drafted for non-nuclear pressure components (classification follows the ASME III
standard).

In addition to the fairly general NVRs, industrial standards are needed for the licensing base.
The following industrial standards are used: the US Code of Federal regulations, the USNRC
Regulatory Guides and Standard Review Plan, the ASME code the ANS/ANSI standards, the
KTA standards and the RSK recommendations (Germany). Although these documents do not
have any formal standards, the NVRs require that the applicant should define and justify the
industrial standards he will use as his licensing case.
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The ministry of VROM has formulated a policy on the tolerance of risk from nuclear
installations. This policy has been implemented in the safety assessments.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

The Regulatory regime could be described as being prescriptive.  The nuclear plant operator
has the responsibility to specify the design basis of his installation. In order to prove his
compliance to the NVRs, he is required to submit a Safety Analysis Report in which the
installation has to describe in detail and an in-depth analysis is presented. This analysis should
prove the operators’ compliance to the NVRs . This Safety Analysis report should be
supported by a full scope PSA (Levels 1, 2 and 3). For all levels PSA guidelines are provided.
See also response to question 1.7.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

In general, the relation between the Regulator and Utility is viewed as collaborative. Although
the license application and inspections are rather formal procedures, the regulators are co-
operative in order to complete these activities successfully. An example of fruitful
collaboration between regulator and utility is the organisation of the ASCOT seminar to
enhance the safety culture awareness and the regulatory monitoring and inspection.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

The regulator has played an active role in sponsoring and directing safety research in the
Netherlands by financial support of the national and international nuclear safety research
programmes, including the research projects of the EU framework programmes. This includes
the participation of the national institutes in international working groups. In addition, the
regulator has granted study contracts to perform specific safety analyses, which have been
specified by the Regulator.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The IAEA code for design is applied to Dutch NPP’, which requires the implementation of
the defence in depth concept. For each nuclear reactor, the interpretation of this concept will
be consistent with the requirements of the country in which the nuclear reactor has been
designed. During the modification programme for the Borssele NPP, a number of features
were implemented, which have an impact on the third, fourth (beyond design base events) and
fifth (emergency preparedness plans) echelons of defence of the Borssele design. Defence in
depth principle is also applied to organisational aspects of the operation of a NPP.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

Part of the design criteria are specified in a deterministic manner, for example the 30-minute
rule for operator actions, the single failure criterion, redundancy and diversification of active
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safety systems. Implementation of these criteria has led, for example, to additional pumps and
addition of a single train reserve cooling water. In addition to these deterministic design
criteria, also probabilistic design criteria are used in the design basis assessment. Examples of
these kinds of criteria are the dose limits for classes of accident sequences with different
probabilities or the criteria for failure rate of equipment.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��HJ�VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWHV�UXOH�"

Single failure criteria, separation of safety systems and redundancy and diversification of
active safety systems are applied in accordance with IAEA recommendations. Application of
the 30 minutes rules means that no credit for operation action can be taken during this period.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

Initiating events are identified in accordance with provision of the NVRs (see IAEA 50-SG-
D3). The events are divided in 5 categories of plant conditions (PC) in accordance with their
frequency following the schemes of ANSI/ANS 52-1. In general these events are analysed
deterministically. A probabilistic assessment is performed for design base accidents, which
result to releases into the environment. For this assessment dose limits are used that depend
on the frequency of occurrence of the analysed accident.

Based on the IAEA guidelines, the postulated initiating events are divided in 8 groups. To
each initiating event a PC value is assigned. This list of events will be evaluated  (analysed)
and presented in the safety analysis report. The format of this report follows the US
Reg.Guide 1.70/Rev 3.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD�±�DQ�(YDOXDWLRQ�0RGHO�RU�DUH�³EHVW�HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

‘Best estimate’ analyses are acceptable, although some conservative assumptions will be
included.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

For example dose limits are set for the different categories of design base accident sequences
which could lead to releases into the environment. A best estimate is used for the different
steps of the analysis. The 95% percentile value of the calculated dose resulting from a design
base accident will be compared with the regulatory limit valid for the frequency of occurrence
of this accident (see also question 2.4).

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

IAEA guidelines on these subjects are closely followed. Diversification and separation issues
are taken into account in the design analysis. PSA level 1 includes common failure mode
analysis.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"
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The dynamics of man-machine interfaces in the control room have been assessed on behalf of
the regulator and licensees by institutes such as the Delft University of Technology and ECN
as well as consultants from the University of Maryland, Scientech and SAIC. For instance the
‘errors of commission” have been assessed in the framework of the Borssele PSA. This
research has been continued.

It should be mentioned here that as a result of the OSART reviews of the Dutch NPPs in
1988, symptom-oriented procedures have been developed and introduced via a new training
formula. In Borssele a ‘critical safety function status monitor’ has been installed in the control
room. A later development is the extension of the training programme with the introduction of
a full-scope replica simulator for the Borssele NPP.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

Standards for fire and seismic protection are taken from the regulations of the country of
origin of the plant. Assessment of seismic events is in accordance of NVR 3.10. For this
assessment a seismic response spectrum should be established for the specific site. This
spectrum should have the approval of the regulator.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

IEEE standards are applied for safety critical electrical components. For other components
KTA design and construction rules are applied. The Borssele components should also meet
the Konvoi or VGB qualifications (qualifications used by the power plants owner group in
Germany).

2.11 What approaches are used to control and assess plant modifications?

Safety – relevant design change proposals have to be approved by the plants’ internal reactor
safety committee and by the regulatory body. This process is controlled by a quality assurance
system in accordance with the guidelines of the IAEA NUSS QA Safety Series (NVR 1.3).

PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V��

PSAs are required.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

PSA are evaluated as part of the regulatory process. Full scope PSA is required for the SAR
and Environmental Impact Assessment. Living PSA is used during operation of the plant
(LPSA). For example the current license awarded to the Borssele NPP includes the
requirement that a LPSA should be operational. On request from the Regulators, the IAEA
has made a Peer Advisory Report on LPSA application.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�HJ�HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"
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PSA also considers several issues that are not considered in the design basis analysis. For
example human errors of omission and commission, external events, effectiveness of
backfitting measures, including those in the beyond design basis area. Application of the
USNRC PRA Procedure Guides NUREG/CR-2300 and NUREG/CR-2815) to PSA is
considered to be acceptable for the Regulator. Peer reviews of the PSA have been made by the
IAEA (IPERS missions).

3.4 +RZ�LV�WKH�FRQFHSW�RI�³$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH´�LQWHUSUHWHG�±�LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

There is no formal requirement in the Netherlands that a cost-benefit analysis should be
carried out. However, the practical experience (the backfitting programme of Borssele) has
shown that the modification has met the criterion applied in other countries, for example the
US (more than USD 100,000 per manSv averted).

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ�K\GURJHQ
PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

Although not formally adopted, the policy of the regulator with respect to the modification of
NPPs on basis of new views on nuclear safety has been documented. This policy has been
used for the modifications of the Borssele NPP. This policy document describes the period of
ten years for an integrated safety assessment on which the backfitting will be based.
Backfitting could also include the introduction of measures aimed to control additional
beyond-design basis accidents in the NPP. For example, a catalytic hydrogen recombiner as
well as a filtered containment venting system were installed during the modification of the
Borssele NPP.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

Implementation of instructions for abnormal conditions as well as incidents and accidents
(emergency operating procedures and severe accident management procedures) does not
require approval by the regulatory body, only approval by the plant management. Only the
Technical Specifications have to be approved by the regulatory body.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"

No new nuclear power plant is planned in the Netherlands for the near future. Current
regulations and standards are probably not appropriate for future reactors. However the
regulatory body, in particular the Ministry of Economic Affairs, sponsors the research
activities of the technical organisations on new reactor designs and the regulations required
for these designs, such as HTR with thorium cycle and ADS.
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4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

No extensions are currently being anticipated. International developments will be closely
followed.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��HJ�GHWHUPLQLVWLF��36$�HWF�"

Deterministic as well as PSA type of assessments will be used for future reactors. The severe
accident provisions, which have been back-fitted into present design reactors, will probably
be part of the basic design of future reactors.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

‘Best estimate” methods would be used more frequently for future reactors.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

A greater use of risk informed regulation has been anticipated. The Regulators closely follow
developments in the US.

��� 6SDLQ

PART 1 – NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

At the highest level the primary legislation in Spain on this subject is the following:

• “Ley” (Law) 25/64, of 29 April 1964, on “Nuclear Energy”, partially modified by “Ley”
(Law) 25/68, of 20 June 1968, by “Ley” (Law) 40/94 of 30 December, by “Ley” (Law)
54/1997, of 27 November 1997, and by Ley (Law) 14/1999, of 4 May 1999.

• Ley (Law) 15/1980, of 22 April 1980, that set up the Spanish regulatory body “Consejo de
seguridad nuclear” (CSN) partially modified by “Ley” (Law) 54/1997, of 27 November
1997, and by Ley (Law) 14/1999, of 4 May 1999.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The “Consejo de Seguridad Nuclear” relates with the Government through the Ministry of
Economy, which receives their reports previously to the resolutions on nuclear and
radioactive installations.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

The “Consejo de Seguridad Nuclear”.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"
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The regulatory body has its own technical personal. It can also contract personal or entities for
the performance of specific works or studies, according to the established standards.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��H�J��GHULYHG�IURP
86�VWDQGDUGV�"

Historical background to the approach to nuclear safety has been the norm and the standards
of the country of the nuclear installation main NSSS supplier. In the case of Spain the
majority of the operating nuclear power plants (NPP) are of US origin, except Trillo NPP that
is of German design (Siemens-KWU). There was also a NPP of French design, Vandellós I
NPP, currently under decommissioning.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

Differences between the methods and process applied for nuclear safety with those of other
hazardous industries are very significant and could require an extensive description. Just only
at the administrative level it can be said that the regional administration (“Comunidades
Autónomas”) have first responsibilities on hazardous and toxic industrial installations.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

Whenever Spanish codes and standards exist they are primary applied. Secondly there are
followed codes and standards of the country of origin of the main NSSS designer of the
project; finally, standards issued by international organisations, which Spanish Government
has adhered to, are also required. Operational experience of plants of similar design and
changes of related norms are also required to be tracked and reviewed its applicability by the
operating permits. The regulatory body may require their own specific requirements.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

The operator has the responsibility to substantiate to the CSN the safety design and operation
of the Nuclear Power Plant to obtain the required permits; Annexes to Permits can establish
additional limits and conditions on nuclear safety and radiological protection with detailed
schedules. The CSN has issued several Safety Guides, defining recommended methods, to
provide orientations for the implementation of current Spanish regulations, but justified
alternatives are also accepted. For instance, periodical safety reviews are addressed in GSG-
01.10.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

Certain number of licensing activities or requirements are subject to formal exchanges, as the
periodical safety reviews, previously mentioned, or the development of Probabilistic Safety
Analysis. Other are reviewed performing Audits or directly on-site. There are also
collaborative activities jointly developed with plant operators, such as research activities for
risk-informed applications.
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1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

The “Consejo de Seguridad Nuclear” was created as an independent entity of the Central
Administration of the State, with an annual budget and with the capacity, among their
functions, to establish research plans on nuclear safety and radiological protection. There are
several research projects currently sponsored by the CSN, some in collaboration with the
operators of the nuclear power plants. An article, recently published in the magazine no.195
of the Spanish Nuclear Society, summarises the different projects of research sponsored by
the CSN.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The interpretation is wholly consistent with that applied in the country where the main NSSS
design is of origin and have been licensed.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

Traditional deterministic approach has been complemented in the last years with risk-
informed approaches, based on the availability of Level 2 PSA for all the Spanish NPPs. With
reference to the maintenance and to the reliability of the equipment’s, the CSN has required to
the NPPs a full implementation of the US Maintenance Rule and has supervised during the
year 2000 how each plant have implemented their specific requirements.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��H�J��VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWH�UXOH�"

The nuclear power plants corresponds to a variety of main NSSS designs (BWR, PWR),
designers (PWR-Westinghouse, PWR-Siemens/KWU) and generations (from the 60’s to the
80’s). Detailed application of these type of deterministic rules corresponds to the specific
rules applicable in the moment of design and construction phase, substantiated in the Safety
Analysis Report, plus the specific requirements and improvements established during
operating phase on a case by case basis.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

Generally speaking, NPPs have been initially licensed and analysed according to the same
requirements and standards to similar plants in the country of origin of the main NSSS design.
Lists of analysis of plants designed in the 60’s have been redefined during the program of
reassessment equivalent to the US Systematic Evaluation Program. Additional analyses have
been required on a case by case basis.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD�±�DQ�(YDOXDWLRQ�0RGHO�RU�DUH�³EHVW�HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"
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Currently most of the plants apply an Evaluation Model approach. Operators can perform
“best estimate” analyses following the same acceptance criteria applied in the country of
origin of the main NSSS design.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

The CSN has launched a Program for the development of Level 2 PSAs in all the Spanish
NPPs and these are been used to provide complementary probabilistic points of view to the
traditional deterministic approach. The setting of a probabilistic target is not considered
necessary although certain probabilistic goals are handled both for the identification of
recommended improvements or risk-informed applications.

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

Each plant implemented specific design measures to minimise common mode failures. Plant
operational experiences have been taken into account to implement additional requirements.
Additionally to the deterministic analysis performed for each plant, such as deterministic
hazard analysis, this item has been addressed in detail within all the PSAs performed for the
Spanish NPPs.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

Original plant design was specifically reviewed according to new human-factor standards and
requirements after Three Mile Island 2 accident (e.g., SPDS, Control Room Human Factor
Review). Additionally, this item has been addressed in more detail, within all the PSAs
performed for the Spanish NPPs, as part of the Human Reliability Analysis performed.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

Since the majority of Spanish NPPs are of US origin, the bulk of standards applied in these
cases during the design and construction phase and back-fitted during operating phase are also
of US origin, complemented by specific CSN requirements or Spanish standards.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

The CSN issued in 1998 the Safety Guide GSG-10.09 defining recommended methods for
QA of safety related software applications of nuclear installations.

 2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

CSN Safety Guides GSG-10.05, GSG-10.10 and draft GSG-01.11 describe the Spanish CSN
requirements to control plant modifications. Generally speaking, safety related plant
assessessments of modifications and the evaluations are submitted to the CSN as part of the
refuelling report, previously to its implementation in the plant. Annually, plants also provide
a report with modifications foreseen, under development and performed. Periodical safety
reviews complement the process.

PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V��
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There is a Program to perform a Level 2 PSA for all Spanish NPPs, including external and
area events, and non-power operational modes. The 1st Program (06/86) has been
implemented in a staggered way and currently, once main objectives have been fulfilled, a 2nd

Program (7/98) reorienting the objectives to risk-informed applications has been issued.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

As it is indicated above, specific regulatory requirements for the development of each PSA
were indicated in each request. A continuous CSN evaluation process while PSA
development was required and implemented for all the nuclear power plants.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�H�J��HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

As it has indicated previously, other approaches have been also applied, complementary to
those originally used during start up licensing, e.g. probabilistic safety assessment. These
other approaches were used as complementary tools and have maintained the intent of
original licensing and design basis. Besides that, improvements and modifications have been
implemented in the plants as result of operational experiences, back-fittings or new
regulations, which can have improved the safety margins; in this line, for instance, original
emergency operating procedures that had an event-oriented structure have changed to a more
symptom base structure.

3.4 +RZ�LV�WKH�FRQFHSW�RI�³$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH´�LQWHUSUHWHG�±�LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

The interpretation is generally performed in qualitative terms. Structured cost/benefit analyses
are not systematically performed to justify decision-making.

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ�K\GURJHQ
PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

Historically it has been applied a policy of back fitting based on the safety know-how in each
stage of plant life. All Spanish NPP perform each year, and present to the CSN, an assessment
of the applicability of new standards and regulations issued in the country of origin of the
NSSS design and operational experiences, and as a consequence some back-fitting can be
required (e.g., incorporation of H2 igniters in BWR-6. Other typical moment for the review of
back-fitting consideration is the Periodical Safety Review (PSR) process, as result of which a
set of conditions can be imposed if it is considered that is required for safety reasons,
establishing the schedule for their implementation. However when a safety issue, non-
previously assessed is identified, it can be concluded that an urgent fit is required. Some
safety topics could be also subjected to a systematic review with a specific schedule not
necessarily conditioned by PSR schedules.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

New Emergency Operating Procedures and Severe Accident Management Guidelines are
subject to a formal approval by the CSN previously to its implementation in the NPPs.



$($7�5�36(*�����

$($�7HFKQRORJ\ ���

Specifically, Severe Accident Management Guidelines have been developed attending to a
formal request of the regulatory body, with a defined schedule. They have required an
extensive process of development before its implementation. It has required an extensive
process of review, validation and training and the resolution of all the transition interfaces
with Emergency Operating Procedures and Outside Emergency Plan. Previous documents,
such as the Plant Internal Emergency Plan, have required modifications. The CSN has
reviewed and audited all the steps of the process and has established specific requirements on
a case by case basis.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"

No NPP is planned in Spain in the near future. However, Spanish companies, as well as the
CSN, are involved in activities of development of both advanced reactors and evolutioned
designs of current NPPs, such as Lungmen or Advanced European projects. Since
international standards are applied whenever is required or no appropriate national standard
exists no limitation has resulted.

4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

Current extensions of Spanish regulations and standards are lead more by the implementation
of new technologies in current operating NPPs, such as safety related software, than as
consequence of future reactors.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��HJ�GHWHUPLQLVWLF��36$�HWF�"

Current position in Spain is to apply PSA as a complementary tool to inform with risk point
of view regulatory decisions. All the NPPs in Spain avail Level 2 PSAs that is used in the
development of design back-fittings related with severe accidents or Severe Accident
Management Guidelines, for instance. This approach can be applied in the same way for
future reactors, but during the design phase.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

Some plants have taken the decision to apply these methods and they have been approved
after review. The greater use will depend on the circumstances of each plant.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

Yes. There are several research projects jointly sponsored by CSN and the UNESA that will
provide additional experience in the implementation of these methods. The CSN is also
issuing a Safety Guide defining recommended methods.

��� 6ZHGHQ

PART 1- NATIONAL REGULATORY FRAMEWORK
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1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

The primary legislation for nuclear safety is the Act on Nuclear Activities and the Atomic
Energy Act.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

Ministry for the Environment.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

The Swedish Nuclear Power Inspectorate.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQL]HG���ZKDW�LV�WKHLU�UROH"

There are no recognized support organisations in Sweden.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��HJ�GHULYHG��IURP
86�VWDQGDUGV�"

The historical background is an approach derived from US standards.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

The methodology is in most parts similar for inspecting authorities. There is a stronger legal
bases for regulation of  nuclear activities than for other areas. For example, in contrast to
other areas the nuclear regulatory body is an independent organisation which is separated for
instance from promotional activities. The possibility for the authority to take effective
regulative actions is thus greater than for other areas.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV���LI�VR�DUH�WKHVH�QDWLRQDO��RU
LQWHUQDWLRQDO"

The SKI does not specify particular design codes. However, requirements of good practices
shall be followed, which often implies that proven solutions based on international experience
are used.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

The regulations are non-prescriptive. A strong principle is that safety is the responsibility of
the licensee. The role of the regulator is to oversee that licensee takes the necessary steps to
fulfil that obligation.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"
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Traditionally there has been a type of collaborative relation between regulators and licensees.
However, in recent years the development has been towards more formal exchanges.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

The regulatory body plays a very active role in sponsoring and directing safety research.
Funds for research amounts to about half of its total budget. The departments within the
regulatory body has a dual responsibility of being both regulators and research initiators. The
total funding of the regulatory body is done by a specific tax on nuclear electric production.

PART 2 -- DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH��'HIHQFH�LQ�'HSWK��FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The principle that nuclear accidents shall be prevented through a basic facility-specific design
which shall incorporate multiple barriers as well as a “defence in depth” system is specified in
the instructions from the ministry to the regulatory body and also in the general regulations
issued by the regulatory body. The defence-in-depth is applied on the following five levels in
accordance with the IAEA’s 1 report, INSAG-10:

• Prevention of abnormal operation and failure through robust design and high quality of
construction, operation and maintenance

• Control of abnormal operation and detection of failures through high quality of
surveillance and facility status control through engineered systems and administrative
measures

• Control of accidents within the design basis through prepared engineered measures and
effective accident management at the facility

• Control of severe plant conditions, including prevention of accident progression and
mitigation of the consequences of severe accidents through prepared engineered measures
and effective accident management at the facility

• Mitigation of radiological consequences of significant releases of radioactive materials
through prepared measures for effective information to and protection of the population in
the vicinity of the facility.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

The requirements are in principle deterministic. The general rule is that the barriers and
defence in depth shall have the ability to withstand such events and conditions which have
been found to significantly effect their safety function. Examples of such events or conditions
may be pipe break, transients, fire, flooding, earthquakes, clogging of cooling water intakes,
sabotage and disturbances in or loss of the offsite power grid.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��HJ�VLQJOH�IDLOXUH���LWV��LQWHUSUHWDWLRQ����
PLQXWH�UXOH�"

Occurrence of single failures should be postulated in analyses of design basis events. The
rules state that “the design solutions should be adapted to the functions and tasks which are to
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be carried out as well as to the possibilities and limitations of human beings”. The 30-minute
rule is a design criterion which have been used for Swedish reactors.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG��VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV�VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

Normally enveloping sequences of events are analysed. The list of sequences is basically
taken from the NRC’s Standard Review Plan with some extras reflecting some special
Swedish requirements.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD���DQ�(YDOXDWLRQ�0RGHO�RU�DUH��EHVW�HVWLPDWH�
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

Both evaluation models and "best estimate" analyses have been used for Swedish plants. In
general the "best estimate" analyses with uncertainty quantification are preferred by the
authority since such analyses are believed to give a better understanding of the safety
situation. For LOCA the USNRC acceptance criteria are used. Own criteria have been for
developed reactivity insertion accidents. Dryout is the criterion for anticipated transients.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"�,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

There are no strict probabilistic targets. However, the utilities may have probabilistic goals.
These are normally 10-5  per year for design basis accidents and 10-7 per year for large
releases. The analyses are normally based on the deterministic analyses which often are
enveloping.

2.7 :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PDGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

Earlier the Multiple Greek Letter method was used. Now alpha-factor models are used. These
are very simple models which account for the CCF.  The models are based on statistics of
component failures.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG@"

Several methods are used. Mostly a version of the HPES-methodology (Human Performance
Evaluation System) originally developed by NASA in the US, is used. Earlier also the AEB-
methodology (Accident Evolution and Barrier Function Model) was developed in Sweden to
address MTO-analyses (Machine-Technology-Organisation) of occurrences.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

Fire analysis is made in several steps. Critical dependencies have to be determined in
electrical systems and safety functions. Fire is then assumed in one room and the
consequences are determined. For seismic evaluation and protection a “Swedish earthquake”
is estimated. This is the one with a probability of occurrence of 10-5  per year.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"
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The method is based on “safety demonstration” which implies that the license holders shall
demonstrate a consistent safety concept and a use of a  proven quality system from the
conceptual design to the final product.

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

Engineered or organisational modifications to a facility which can affect the conditions
specified in the safety report as well as essential modifications to the report shall be reviewed
in accordance with the following rule: “A safety review shall determine or control that the
applicable safety-related aspects of a specific issue have been taken into account and that
appropriate safety-related requirements with respect to the design, function, organisation and
activities of a facility are met.  The review shall be carried out systematically and shall be
documented. A safety review shall be performed within the parts of a facility’s organisation
which are responsible for the specific issues as well as within a safety review function
appointed for this purpose which shall have an independent position relative to the parts of the
organisation which are responsible for the specific issues.”

Before the modifications may be introduced, the regulatory body shall be notified and the
regulatory body can decide that additional or other requirements or conditions shall apply
with respect to the modifications.

PART 3 - SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V��

After it is taken into operation, the safety of a facility shall be continuously analysed and
assessed in a systematic manner. Any need for safety improvement measures, engineering as
well as organisational, which arises as a result of such analyses and assessments, shall be
documented in a safety programme. The safety programme shall be updated on an annual
basis.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

Only to the extent that it is required in the periodic safety review of facilities. At least once in
every ten years, a new, integrated analysis and assessment of the safety of a facility shall be
made. The analyses, assessments as well as the measures proposed on the basis of these shall
be documented and submitted to the regulatory body.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\��PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV���LI�VR�SOHDVH�VSHFLI\�>DOVR�LI��LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV���HJ�HIIHFWLYHQHVV�RI��HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

Different events or scenarios are divided into different categories based on a probabilistic
methodology. Safety margins and methodology are specified for each category. Apart from
the design basis scenarios, the requirements would be adjusted to the level of probability.

3.4 +RZ�LV�WKH�FRQFHSW�RI��$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH��LQWHUSUHWHG���LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"
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Cost/benefit analyses is a part of the consequence description which by law has to be
submitted when for instance change of regulatory rules are considered. Normally occurrences
with extremely low probability need not be considered in Swedish plants. In the guidelines to
the regulation it is stated that “the possibility of improving safety should be taken into account
in every measure resulting in modifications to the facility or in the activities carried out. This
particularly applies in the case of engineered modifications, modifications to operating
conditions, organizational modifications and rationalizations”. There has traditionally been a
practice that safety improvements are introduced without a formal cost/benefit analysis when
the changes for instance can be combined with other changes in the plants.

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ��K\GURJHQ
UQDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV@"

Policies for modernisation of plants built to earlier standards are being developed and
implemented and large modernisation programs are under way. The general objective is that
the safety level should be comparable to that of modern nuclear power plants. One proposed
policy is that the plant should be in such a condition that it, at any time, can be run for another
twenty years.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

In case of abnormal events, incidents or accidents which can lead to radiological accidents,
measures shall be prepared at a facility for – alerting the facility’s emergency preparedness
personnel without delay:
  – returning the facility to a safe and stable state, as well as
  – providing information about the technical state of the facility.

Before a facility may be taken into operation, the measures in accordance with the above shall
be documented in a plan, a safety review of the plan shall be carried out as for modifications
in the facility and the plan shall be evaluated and approved by the regulatory body. The plan
shall be kept up-to-date and its suitability shall be evaluated through exercises on a regular
basis.

PART 4 - STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"

No.  New plants are not planned.

4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

Complete revision. Current regulations address at most what to do with plants built to earlier
standards.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG�>HJ�GHWHUPLQLVWLF��36$�HWF@"
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Safety assessment will probably be based on deterministic assessment using the multiple
barrrier and defence in depth concepts.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI��EHVW�HVWLPDWH��PHWKRGV�LQ�WKH�IXWXUH"

Yes; at least that is what we are aiming for.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI��5LVN�,QIRUPHG��0HWKRGV��LV�WKLV�DSSURDFK��GHILQHG�"

This approach is under development in the regulatory body. It is anticipated that a cautioned
use of this approach will be the result.

��� 7KH�8QLWHG�.LQJGRP

The views expressed in this section are those of the contractor, AEA Technology.

PART 1 - NATIONAL REGULATORY FRAMEWORK

1.1 :KDW�LV�WKH�SULPDU\�OHJLVODWLRQ�FRYHULQJ�QXFOHDU�VDIHW\�DQG�QXFOHDU�VDIHW\
DXWKRULWLHV"

In the UK, the safety of industrial installations is covered currently by the “Health and Safety
at Work Act 1974” (HSW Act).  Legislation for nuclear installations is governed by the
Nuclear Installations Acts 1965 and 1969 (NII Act).  It is supplemented by the Nuclear
Installation Regulations, the Ionizing Radiation Regulations and the Licensing Conditions.
The UK regulatory guides include the Tolerability of Risk from Nuclear Power Stations
(TOR) and the Safety Assessment Principles (SAPs) for Nuclear Power Plants (NB. the SAPs
are not legislation).

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The Health and Safety Commission (HSC) is responsible for preparing proposals for health
and safety laws and standards.  It is appointed by and reports to the Secretary of State for the
Environment (DoE).  On nuclear matters in England and Wales it advises the Department of
Trade and Industry (DTI) and in Scotland the Secretary of State for Scotland.  For nuclear
policy matters, the HSC is also advised by the Advisory Committee on Safety of Nuclear
Installations (ACSNI) and by the National Radiological Protection Board (NRPB).

The HSW Act is enforced by the UK Government’s Health and Safety Executive (HSE) an
independent corporate body under the direction of the HSC.  This Act places specific duties
on the operator of any installation to ensure that risks to both workers and the public are
acceptable.  The HSE is responsible for granting nuclear licence and enforcement of the
health and safety laws.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

Licences and Inspections are administered by the UK Nuclear Installations Inspectorate (NII)
which is part of HSE.  The NII has the authority to withhold or withdraw licences for
operation of a nuclear installation.
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The UK Environment Agency deals with Environmental issues.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

There are no specific technical support organisations systematically involved in the UK
licensing process.  The regulatory body maintains an in-house technical assessment
capability.  Specific work is contracted out to competent organisations, e.g. technical
consultancies, universities when needed.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��H�J��GHULYHG�IURP
86� VWDQGDUGV�"

The approach to nuclear safety in the UK is defined by the TOR and the application of the
SAPs, and has been developed independently over many years since the 1950s when the UK
was a pioneer in nuclear power technology development.  The approach is both deterministic
and probabilistic.  The TOR provides guidance on the acceptable levels of societal risk and
the SAPs are based on experience obtained so far on the operation of commercial plant in the
United Kingdom.

Although not a requirement in the SAPs, it was recognised by both the regulator and licensee
that a requirement for the Sizewell B Westinghouse PWR was that the plant should be
licensable in the county of origin.

1.6 :KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�VDIHW\�DXWKRULW\�DQG�LWV�PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

The HSE enforces the safe operation of all industrial installations in the UK, with limited
synergies across all types of plant.  The TOR provides guidance on the comparative levels of
societal risk, when compared with other industries and occupations.  However, in comparison
with other industries, the safety of nuclear installations has attracted much greater scrutiny
and investment, e.g wide ranging public enquiries.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

The Regulatory body does not specify particular design codes.  However the codes, standards
and conventions used as the basis of design must be stated by the Licensee and any exceptions
or qualifications in the application of such codes etc. must be stated and justified.

When considering an operator’s case for a licence, the NII make judgements in relation to the
operator’s compliance with the As Low as Reasonably Practicable (ALARP) principle, i.e.
that the employer must do whatever is reasonably practicable to reduce risk.

1.8 ,V�WKH�5HJXODWRU\�UHJLPH�SUHVFULSWLYH�>LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV@�RU�LV�WKH
IRUP�RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�>LI�VR�ZKDW�JXLGDQFH�LV
SURYLGHG@"

The UK Regulatory regime is not prescriptive.  The operator or licensee remains ultimately
responsible for the safety of his plant.  It is his responsibility to produce a safety case which
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will satisfy the NII assessors.  The NII Safety Assessment Principles provide the licensee with
guidance on the requirements of an acceptable safety case.

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�5HJXODWRU�DQG�8WLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

The relationship between the Regulator and Utilities is formal in respect of licensing issues.
However the Regulator encourages an open and continuous dialogue with the Utility during
the licensing process.  At the research level there is a collaborative relationship to foster the
continued successful operation of nuclear plant in the UK and keep abreast of international
developments.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH�LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

The Regulator sponsors and directs its own research requirements through an agreed
programme with the Licensees, who are levied for the work.  There is in addition an Industry
Managed research programme to carry forward safety research required by the licensees.
This work is carried out in collaboration with the Regulator.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The ‘Defence in Depth’ concept introduces different levels of defence, from prevention of
operational failure, to the mitigation of radiological consequences, should a failure occur.  For
design basis assessment it needs to be demonstrated that these are sufficient levels of defence
to meet the acceptance criteria for the relevant category of event.  These criteria ultimately
ensure dose limits do not exceed prescribed limits.

2.2 $UH�WKH�UHTXLUHPHQWV�VSHFLILHG�LQ�D�GHWHUPLQLVWLF�PDQQHU��ZKDW�DERXW�HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

The NII Safety Assessment principles provide details on the levels of tolerability, e.g. the
requirements of statutory radiation dose limits and the application of the ALARP principle.
Tolerability limits called Basic Safety Limits (BSL) are defined for the risks of normal
operation and from accident conditions.  Each BSL is complemented by a more stringent
Basic Safety Objective (BSO).  The BSLs and BSOs provide measures against which the NII
assessors can make judgements, see also Part 3 question 4  The Licensee must demonstrate
that the BSLs are achieved.  The ALARP principle must then be applied to drive down the
risk to the BSOs, and if possible below this level of risk.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��H�J��VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWH�UXOH�"

The UK Regulator does not prescribe rules for the deterministic analysis.  It is the
responsibility of the owner/operator to develop a methodology which meets the requirements
for licensing.  The single failure criterion is adhered to by the Licensee and it must be
demonstrated that the safety systems perform their function for any initiating event within the
design basis.  For transient analysis, the 30 minute rule is also assumed by the Licensee, no
credit for operator action can be taken within this period.
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2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

The list of sequences/selection criteria are not prescribed.  The onus is on the Licensee to
demonstrate that all potential sequences have been considered.

For the latest plant to be licensed in the UK, Sizewell-B, a starting point for the safety case
was that the plant should be licensable in the country of origin and so the list of accident
sequences that were analysed was based on Reg. Guide 1.170 with some additions to take
account of design changes.

2.5 :KDW�DUH�WKH�DFFHSWDQFH�FULWHULD�±�DQ�(YDOXDWLRQ�0RGHO�RU�DUH�³EHVW�HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

These are not prescribed in the SAPs.  Future licensing submissions will tend to move
towards more best-estimate methods for safety case analysis.  These are likely to still include
some conservative assumptions, coupled with assessment of uncertainties so there will still be
an overall bounding (but less conservative) methodology overall.  The SAPs encourage the
use of best estimate codes for PSA.

2.6 ,I�SUREDELOLVWLF�WDUJHWV�DUH�VHW��ZKDW�DUH�WKH\"��,V�WKH�DQDO\VLV�H[SHFWHG�WR�EH
FRQVHUYDWLYH"

Numerical targets are set for probability assessment on the BSLs and BSOs (see Part 2,
question 2) for the accident frequency in relation to dose to the public, on risk to workers, on
total accident frequency in relation to large release, on the core damage frequency, and on the
total frequency of accidental criticality.

��� :KDW�PHWKRGV�DUH�XVHG�WR�DGGUHVV�FRPPRQ�IDLOXUH�PRGH�DQDO\VLV�DQG�LVVXHV�RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

All safety systems are scrutinised to identify possible common mode failure.  There has been
considerable emphasis in the UK on improved reliability by the provision of redundancy and
diversity in the systems to protect against the consequences of accidents.  In the licensing of
Sizewell additional safety systems including two separate and diverse Reactor Protection
Systems were specifically required.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

The NII Safety Assessment Principles include the NII judgement on what constitutes the best
modern practices in engineering and science, including human factors, training etc.  Once
operating the safety performance of a plant is monitored by the licensee’s health and safety
staff and is subject to intensive audits and inspections by the NII.  Typically there is an NII
inspector for each major installation.  Any incidents of significant character are logged and
monitored.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

The operator of any nuclear installation needs to satisfy the HSE that his plant has adequate
external hazards (including abnormal wind loading, seismic flood, fire, explosion, missile and
aircraft impact) protection.  Detailed but generally qualitative requirements are included
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within the SAPs.  For seismic effects two levels of earthquake need to be considered, the Safe
Shut Down Earthquake (SSE) and the Operating Basis Earthquake (OBE).

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

The principles but not standards are given in the SAPs.

All top level safety systems have to meet stringent manufacturing, inspection, maintenance
and operational standards.  Safety critical software must be provided under accepted quality
assurance standards (these are not prescribed in the SAPs) which include design and
verification criteria.

�2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

Plant modifications are licensed using similar guidelines as used for the licensing of the
original plant.  Any safety modifications must be justified to the satisfaction of the NII.

PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��H�J��WKURXJK�36$V�"

The Safety Margin of an existing plant is assessed during periodic safety reviews or following
the introduction of a plant modification.  There is not a requirement for PSAs as such but
techniques using fault tree and event tree analysis are regarded as aids in evaluating the fault
potential of a plant.  PSAs are required for new plant.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

The answer for 1 above applies.

Regarding modern plants, the safety case for Sizewell-B included comprehensive
probabilistic analyses of faults (Level 1 – Level 3) covering the full spectrum of plant
operating states.  These were provided by the licensee and submitted as part of the regulatory
process.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\�>DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�H�J��HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

There are additional approaches used for the overall assessment of the safety margin from
those used for the design basis analysis.  In particular there has been significant research into
the possible implications of severe accidents and the identification of mitigative accident
management guidelines.

3.4 +RZ�LV�WKH�FRQFHSW�RI�³$V�/RZ�DV�5HDVRQDEO\�3UDFWLFDEOH´�LQWHUSUHWHG�±�LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

The primary principle which the HSE lays down, and the HSE enforces, is that an employer
must do whatever is reasonably practicable to reduce risk, i.e. unless the expense undertaken
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is in gross disproportion to the consequential reduction in risk, the employer must undertake
that expense.  A proposed plant must satisfy the BSLs to be considered for licensing.  Having
satisfied these, the ALARP principle comes into play.  The BSOs define the point beyond
which the assessors need not seek further improvements from the Licensee.

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��H�J�
K\GURJHQ�PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

There is no policy for back-fits per se on the part of the Regulator, beyond that required for
the design basis (including modifications).  However, the NII requires the Licensee to carry
out periodic safety reviews to demonstrate that the plants are operating as safely as originally
intended, to identify life limiting features, and to compare the safety against modern
standards.  Judgements in relation to the need for improvements are based on the ALARP
principle.  The Regulator does however adopt a “Modern Standards” philosophy – existing
old plants are not expected to meet standards required for new plant.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

The procedure would require the approval of the NII.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH�\RXU�FXUUHQW�UHJXODWLRQV�DQG�VWDQGDUGV�DSSURSULDWH�IRU�IXWXUH�UHDFWRUV�LQ�\RXU
FRXQWU\"

There are no licensing submissions under consideration for future reactors in the UK.  The
regulations have been applied to the licensing of a large modern PWR, within the last decade.
The regulations are likely to be appropriate for present generation and evolutionary type plant.

4.2 ,I�QRW��ZKDW�H[WHQVLRQV�GR�\RX�DQWLFLSDWH�WR�WKH�UHJXODWRU\�IUDPHZRUN�IRU�IXWXUH
UHDFWRU�GHVLJQV"

No extensions are currently anticipated although it is recognised that extensions may be
necessary for more revolutionary plant designs, but these are unlikely to be required in the
foreseeable future.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��H�J��GHWHUPLQLVWLF��36$�HWF�"

PSAs are increasingly likely to be used to provide guidance on risk.  As stated in Part 3
Question 1, they would be required for future reactors.  Deterministic approaches for severe
accident assessments will continue to provide better understanding of phenomenology and
help the development of accident mitigation procedures.  Large uncertainties will remain and
will need to be accommodated if deterministic approaches are included in future licensing
submissions.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

Best Estimate methods are likely to be more greatly used in the future, enabling licensees to
operate their plants at higher ratings via the demonstration of more realistic safety margins.
The NII encourage the use of best estimate methods for PSA.
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4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

Yes.  ‘Risk Informed’ methods are also likely to increase following the impetus from the US.

��� +XQJDU\

PART 1 – NATIONAL REGULATORY FRAMEWORK

1.1 :KDW� LV� WKH� SULPDU\� OHJLVODWLRQ� FRYHULQJ� QXFOHDU� VDIHW\� DQG� QXFOHDU� VDIHW\
DXWKRULWLHV"

The primary legislation covering nuclear safety and nuclear safety authorities in Hungary is
the Act on Atomic Energy (Act No. CXVI. of 1996 on nuclear energy), which entered into
force on 1 July 1997. The Act on Atomic Energy considers all legislative, authority-related
and operation experience gained during the construction and operation of the nuclear power
plant; it considers Hungary’s international obligations.

For the development of Act on Atomic Energy the recommendations of the European Union,
the International Atomic Energy Agency as well as the OECD-NEA were considered.

For the implementation of the requirements of the Act on Atomic Energy forty-five
regulations have been prepared. Twelve of them are Government Decrees and 33 are
ministerial decrees.

1.2 :KDW�0LQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

In order to regulate certain special issues the Act on Atomic Energy authorises different
ministries to issue decrees. The following ministries are concerned:

• Ministry of Interior
• Health Ministry
• Ministry of Agriculture
• Ministry of Economic Affairs
• Ministry of Transport and Water Management
• Ministry for the Environment.

The HAEA comments on and contributes to the ministerial decrees concerning its field of
responsibility. This activity primarily comprises the draft decrees issued by other portfolios or
the government in relation to the training of employees at nuclear facilities, emergency
response, environment protection and civil structure regulatory activities.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"

According to the Act on Atomic Energy the control and supervision of the safe use of nuclear
energy is the task of the Government. The Government implements its tasks through the
Hungarian Atomic Energy Commission, the Hungarian Atomic Energy Authority (HAEA)
and the responsible ministers. The statute of the Hungarian Atomic Energy Commission and
of the Hungarian Atomic Energy Authority was re-regulated by the Govt. Decree No.
87/1997. the safety of nuclear installations. The Govt. Decree No. 108/1997 regulates the
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procedures of HAEA in relation to nuclear safety. The Regulations on Nuclear Safety were
issued as appendices to this decree.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

Regulations allow the involvement of professional experts (both institutions and individuals)
in all cases when the Authority itself does not possess the expertise required. In order to
support its activity, the Authority has concluded separate agreements with several scientific
institutions to serve as Technical Support Organisations (TSO). Such an agreement seals the
co-operation with the KFKI Atomic Energy Research Institute and the Electrical Power
Research Institute Ltd. As a part of this agreement the TSOs provide prompt independent
assessment of safety analyses and, in turn, HAEA financially contributes to their professional
development. Further institutions provide R&D assistance on occasional contractual basis.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��HJ�GHULYHG�IURP
86�VWDQGDUGV�"

The Nuclear Safety Regulations (NSR) were in many respects based on NRC Regulatory
Guide 1.70 "Standard Format and Content of Safety Analysis Reports for Nuclear Power
Plants - LWR Edition". As an example, the first two appendices of Vol. 1 describe the content
of the Preliminary and Final Safety Analysis Reports, respectively, following the USNRC
document. It can be mentioned, however, that Chapter 15 on Safety Analysis contains
sections not only on DBA, but also on severe accidents and PSA. Volume 3, Chapter  3.7.2,
“Safety analyses” has also much in common with the US Guide cited.

1.6 :KDW� LV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� QXFOHDU� VDIHW\� DXWKRULW\� DQG� LWV� PHWKRGV
FRPSDUHG�WR�WKH� WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

As explained under paragraph 2, the Act on Atomic Energy entrusts different ministries to
regulate issues belonging to their responsibility. This fact requires synergy among the
methods applied by the different institutions. This is further enhanced by the fact that a single
institution, the Directorate General for Disaster Management (belonging to the Ministry of
Interior) is responsible to co-ordinate the necessary steps in all type of emergencies.

1.7 'RHV�WKH�5HJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

No particular design codes are prescribed by the authority, however, it is required that the
analyses shall be performed by well documented and validated tools, using a realistic data
base. The tools shall be validated by data from appropriate tests and/or plant transients. If this
is not possible, comparison to independent calculation results can also be accepted.

1.8 ,V� WKH�5HJXODWRU\� UHJLPH� SUHVFULSWLYH� >LI� VR� JLYH� UHIHUHQFH� WR� UHJXODWLRQV@� RU� LV� WKH
IRUP� RI� VXEPLVVLRQ� WKH� UHVSRQVLELOLW\� RI� WKH� RSHUDWRU� >LI� VR� ZKDW� JXLGDQFH� LV
SURYLGHG@"

The Hungarian safety regulations for accident analysis are of non-prescriptive nature. The
licensee is supported in preparing his submissions by a series of guidelines issued by HAEA.
Is the relationship between the Regulator and utilities viewed as collaborative or is it through
formal exchanges?
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The relationship between the Regulator and utilities is collaborative: content of submissions is
discussed in detail between the parties that allows clarification of the Authority’s
requirements beforehand.

1.9 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH� LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV� ZRUN�IXQGHG"

Yes. A list of regulatory R&D priorities was first defined in 1995 for a three-year period that
was renewed in 1998. The budget for the first period was assured by the National Committee
for Technical Development, while at present these activities are directly financed from the
state budget.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�³'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The application of the "Defence in Depth" concept at the design of nuclear installations is a
requirement of the Hungarian Authority formulated in the "Regulations on Nuclear Safety".
For the safety assessment the following acceptance criterion is defined:

- anticipated Operational Occurrence (AOO) or Postulated Accident (PA) without an
additional independent failure must not generate more serious consequences than
permitted by the acceptance criteria given for the relevant category of events.

The fulfilment of the criterion proves the adequate application of the defence in depth
concept.

2.2 $UH� WKH� UHTXLUHPHQWV� VSHFLILHG� LQ� D� GHWHUPLQLVWLF� PDQQHU� �ZKDW� DERXW� HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

The NSR defines both deterministic and probabilistic requirements. For the most adverse
initiating events it shall be demonstrated that the structural integrity of the primary, secondary
and containment systems is not endangered, the active core remains coolable and the
maximum effective dose of the persons on and offsite shall be evaluated. The analyses shall
take into account the most adverse single failure and operator error. By probabilistic means it
shall be demonstrated that there is no event sequence that contributes in a disproportional
manner to the overall risk. These analyses shall take into account equipment reliabilities,
maintenance and testing, as well as common cause, consequential failures and operator errors.

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��H�J��VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWH�UXOH�"

The Hungarian regulation requires the application of the single failure criterion in the design
and in the safety assessment. The rule says that in case of any initiating event included in the
design basis the safety systems must perform their safety function even if a failure of a
component occurs and consequential failures of the single failure must be considered.

During the safety assessment it should be supposed that the single failure affects the worst
component from the point of view of the fundamental safety function.

Component outages for time period permitted by the operating rules are not taken into
account in the deterministic assessment but are considered in the PSA.
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In transient and accident analysis the 30  minutes rule is applied i.e. it should be supposed that
for a period of 30  minutes no operator intervention is initiated. If a shorter time period for
operator intervention is assumed, it must be shown that the action can be effectively
performed in the given time window.

In certain special cases the above criteria are supplemented with the following:

From the time that an alarm makes the operator aware of unplanned moderator dilution the
following minimum time intervals must be available before criticality is reached or the shut-
down margin of the reactor is completely lost:

a.)during refuelling: 30 minutes
b.)during start-up, cold shut-down, hot stand-by and power operation: 15 minutes.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI� VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

The design basis must include all the initiating events endangering the plant safety. From the
list of internal events it is permitted to exclude those having a frequency less than 10-5/y. The
initiating events are categorised as AOOs and PAs where the frequency for selection is 10-2/y.
The frequency for each initiating event is determined by the PSA. Similar transient and
accident processes where the possible challenge to the safety function are similar,  may be
grouped according to the NRC practice (Reg. Guide 1.70).

2.5 :KDW� DUH� WKH� DFFHSWDQFH� FULWHULD� ±� DQ� (YDOXDWLRQ� 0RGHO� RU� DUH� ³EHVW� HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

The Hungarian safety regulations for accident analysis are non-prescriptive. The licensee may
choose the tools and assumptions of the analyses. Although it is required that the analyses
produce conservative results, the amount of conservatism built into the calculations is a
choice of the licensee. This permits also the use of the “best estimate” approach, if related
uncertainties are sufficiently accounted for.

2.6 ,I� SUREDELOLVWLF� WDUJHWV� DUH� VHW�� ZKDW� DUH� WKH\"� � ,V� WKH� DQDO\VLV� H[SHFWHG� WR� EH
FRQVHUYDWLYH"

The categorisation of accident sequences in DBA into AOO and PA takes into account the
probability of the initiating event, the limit between the two being 10-2/y. Initiating events
with a probability less than 10-5/y are considered as beyond design basis events.

In PSA no formal targets are defined, however, in the case of each plant modification the
licensee has to evaluate the effect of the changes on core damage frequency (CDF). Although
not a formal requirement, the Paks NPP regularly performs the review of  its PSA (living
PSA). The Authority charged one of its TSOs to continuously monitor the risk profile of the
NPP by analysing every significant off-normal event.

2.7 :KDW� PHWKRGV� DUH� XVHG� WR� DGGUHVV� FRPPRQ� IDLOXUH� PRGH� DQDO\VLV� DQG� LVVXHV� RI
GLYHUVLILFDWLRQ�DQG� VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"
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Concerning the redundant systems common mode failure was not considered in the
deterministic safety assessment while the probability of common mode failures was taken into
account in the PSA.

According to the regulations common mode failure may be excluded if the probability of
occurrence is less than 10-5 /y.

Investigation of the first level protection signals revealed sufficient diversity of the system,
except for some cases where the acceptable level of diversity could be reached only after the
refurbishment of the reactor protection system.

The adequacy of the separation of redundant safety or safety related systems was
systematically evaluated. Deficiencies have been addressed in the framework of a safety
enhancement program developed on the basis of the results of safety assessment.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

The NSR requires that the probability data of human errors should cover the complexity of
the individual tasks, the psychological effects (such as stress, physical condition, level of
inspection, working methods), the physical environment and potential dependencies between
separate activities (between staff members performing either similar or different activities).
All circumstances relating to the systems, components or procedural requirements, which
promote reliable human activities, should be taken into consideration.

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"

In general, external hazards with a probability lower than 10-4/year need not be considered. It
should be assumed that hazards will arise simultaneously with the most unfavourable normal
operating conditions of the nuclear power plant. The analysis should also take into account
that
• different hazards may occur simultaneously or in a combination which can reasonably be

expected
• a hazard may occur simultaneously with a plant fault, or maintenance of the nuclear power

plant.

In the field of seismic protection a design basis earthquake should be determined. The design
basis earthquake is the one during which the safety of the nuclear power plant should be

guaranteed. The frequency of such an earthquake is 10-4 events/year considering the whole
operating period of the power plant.

The fire hazard analysis of the power plant should be carried out to:
• identify the safety-related systems and components
• analyse the potential for initiation and spread of fire and the potential consequences on the

operation of safety-related systems, structures and equipment
• determine the need for segregation of the power plant in fire-risk categories and for the

installation and required fire resistance of protection boundaries
• determine the capacity and capability of the fire detection and fire-fighting systems to be

provided.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"
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In accordance with their safety classification, the safety-related systems and components
should meet the most stringent applicable manufacturing, structural, inspection, maintenance
and operational standards.

In the case of safety critical software the following actions shall be performed:
• application of a design practice commensurate with approved standards;
• quality assurance program and plan operated on the basis of appropriate quality assurance

standards;
• complete and sufficiently diverse testing of the latest validated program version by a

group independent of the developer;
• execution of a wide-range and independently qualified test program, which includes the

test of all system functions and proves system reliability.

The detailed requirements are developed in the Guideline 3.5.

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

Plant modifications are controlled by the authority via well-defined regulatory procedure
based on the Regulations of Nuclear Safety.

The procedure consists of three main steps.
- Application for the licence of the conceptual design.
- Application for the licence of modification.
- Application for the operation licence.

The most important part of the process is the first step. The application for the conceptual
design has to include

- the reason and importance of the modification,
- the conceptual design,
- the functional design,
- the design basis of the modification,
- the safety and seismic categorisation,
- the safety analysis,
- the effect on the plant safety level,
- the changes in the SAR,
- the changes in the operational instructions,
- the quality assurance of the design procedure.

The second step practically involves the approval of the completion of the modification, while
the final step, i.e. the release of the operational licence follows the acceptance of the results of
the operational tests.

PART 3 – SAFETY MARGIN AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�6DIHW\�0DUJLQ�RI�WKH�SODQW��HJ�WKURXJK�36$V��

The safety margin of each unit of a plant must be assessed during the Periodic Safety Review
of the plant that has to be performed in a twelve year period.  Although not a formal
requirement, the PSA results are regularly updated (living PSA). In addition the Authority



$($7�5�36(*�����

$($�7HFKQRORJ\ ���

charged one of its TSOs to continuously monitor the risk profile of the NPP by analysing
every significant off-normal event.

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

 Yes. By probabilistic means it shall be demonstrated that there is no event sequence that
contributes in a disproportional manner to the overall risk. These analyses shall take into
account equipment reliabilities, maintenance and testing, as well as common cause,
consequential failures and operator errors. In PSA best estimate methods and data should be
preferred for the thermohydraulic analyses, radiation protection analyses and for the
determination of the frequency and probability values. Where this is not practicable,
reasonably conservative assumptions should be made.
 
3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ

IURP� WKRVH� XVHG� LQ� WKH� GHVLJQ� EDVLV� DQDO\VLV� ±� LI� VR� SOHDVH� VSHFLI\� >DOVR� LI� LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG� LQ� WKH�GHVLJQ�EDVLV�±� H�J�� HIIHFWLYHQHVV�RI� HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV@"

The original, Soviet design basis analysis showed serious lacks:

• The list of initiating events was not complete.

• Input data of the analyses were not documented.

• Insufficient description of the analytical tools applied.

• The conservatism of the different analyses was unknown.

• Analyses were often not conducted until safe, equilibrium state was reached.

This is why a complete review of the DBA was performed in the framework of the AGNES
project, not only eliminating the above deficiencies, but also extending its scope by e.g.
including a level 1 PSA and analysis of severe accidents.

3.4 +RZ� LV� WKH� FRQFHSW� RI� ³$V� /RZ� DV� 5HDVRQDEO\� 3UDFWLFDEOH´� LQWHUSUHWHG� ±� LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG"

The regulatory rules aim at maintaining risk to a minimum, but the principle of reasonably
low risk should be kept in mind at all times. It is the responsibility of the licensee to reduce
risks continuously. In the field of safety improvement measures, however, the Authority
should also set a priority list. Priorities should be examined not only from the point of view of
the reduction of risk but also of related costs.

3.5 ,V�WKHUH�D�SROLF\�IRU�EDFN�ILWV�EH\RQG�WKRVH�UHTXLUHG�IRU�WKH�GHVLJQ�EDVLV��HJ�K\GURJHQ
PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

The NSR requires that the possible design modifications which could either reduce the
probability of the occurrence of these events, or would mitigate their consequences, be
evaluated. In addition accident management procedures shall be established, taking into
account representative and dominant accident sequences.
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A clear policy exists for back-fits: the Authority – after discussion with the licensee – sets a
priority list for back-fits. In the field of BDBA this includes performance of a level 2 PSA and
development of procedures for severe accident management.

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV�*XLGHOLQHV"

The procedure is the same as for any plant modification (see paragraph 11, Part 2). In
addition, the Authority also requires a detailed plan of training for the personnel concerned.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH� \RXU� FXUUHQW� UHJXODWLRQV� DQG� VWDQGDUGV� DSSURSULDWH� IRU� IXWXUH� UHDFWRUV� LQ� \RXU
FRXQWU\"

Since the regulations on nuclear safety are rather recent, they include features that are not
necessarily part of the regulations in other countries. In that respect they can be considered as
appropriate for future reactors as well.

4.2 ,I� QRW�� ZKDW� H[WHQVLRQV� GR� \RX� DQWLFLSDWH� WR� WKH� UHJXODWRU\� IUDPHZRUN� IRU� IXWXUH
UHDFWRU�GHVLJQV"

In spite of what was said above, some extensions to the present regulations can be expected,
especially, if some issues become “state-of-the-art” in regulation (e.g. consideration of
passive systems, formally defined prescriptions for severe accidents etc.)

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��HJ�GHWHUPLQLVWLF��36$�HWF�"

This will certainly depend on developments in the international community and, more
specifically, in the European Union.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

The regulatory framework for the use of “best estimate” methods is available. The application
of such methods depends on the choice of the licensee. In view of the burden of the associated
analysis of uncertainties, the industry is not very keen to abandon its traditional approach,
unless the new method may bring economical benefit.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�³5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�
"

“Risk Informed” methods will surely play a decisive role in the near future. Developments in
the field (especially in the US and OECD) are closely followed by both the HAEA and the
TSOs. This is a typical subject, where concerted actions will be required on an international
level.

���� 6ORYDN�5HSXEOLF

PART 1 – NATIONAL REGULATORY FRAMEWORK



$($7�5�36(*�����

$($�7HFKQRORJ\ ���

1.1 :KDW� LV� WKH� SULPDU\� OHJLVODWLRQ� FRYHULQJ� QXFOHDU� VDIHW\� DQG� QXFOHDU� VDIHW\
DXWKRULWLHV"

The legal structure of the nuclear safety supervision system in the Slovakia Republic is set up
by acts adopted before the establishment of the Slovakia Republic as well as by new acts
passed since the establishment of the independent state. The legal system may be classified as
follows:
a) Constitution represents the top state law; it is passed by the Parliament and is of generally

binding nature.
b) Acts lay down the principal rights and obligations which specify the principles in the

various fields; they are passed by the Parliament, and are of generally binding nature.
c) Government ordinances are subject to acts, and are passed by the government; they are of

generally binding nature.
d) Decrees and regulations are rules issued by central state administrative offices (such as

ministries) to regulate the implementation of acts and government ordinances; they are of
generally binding nature.

e) Guidelines contain detailed requirements and recommended steps to provide for the
meeting of the respective requirements. They are issued by regulatory bodies.

f) Internal rules (such as orders) are organisation rules of the regulatory bodies, and they
provide the basis for internal quality assurance system.

The primary act covering the nuclear safety in the Slovakia Republic is the Act�No. 130/1998,
on Peaceful Use of Nuclear Energy (hereinafter the Atomic Act). The act sets forth criteria for
the safe use of nuclear energy exclusively for peaceful purposes, in accordance with
international agreements signed by the Slovakia Republic. It also contains provisions setting
financial compensations for nuclear accidents. Under the Atomic Act, nuclear facilities are
plants and buildings a part of which is a nuclear reactor utilising fission reaction, plants and
premises for manufacturing, processing and storage of nuclear materials, plants and premises
for storage of spent nuclear fuel, and for processing, treatment and storage of radioactive
waste.

1.2 :KDW�PLQLVWULHV�KDYH�UHVSRQVLELOLW\�IRU�QXFOHDU�VDIHW\"

The Acts on Establishment of Ministries and Central State Administrative Offices (No.
2/1993), Peaceful Uses of Atomic Energy (No. 130/1998) and Environmental Impact
Assessment (No. 174/1994) define the responsibilities for the supervision in nuclear safety,
radiation safety and impact of nuclear installation on environment. Following these acts, the
Nuclear Regulatory Authority is the Central State Administrative Office responsible for state
supervision of nuclear safety of nuclear installations, including supervision on handling of
radioactive wastes, spent fuel and further stages of the fuel cycle, as well as of nuclear
materials including their accounting and control. It is also responsible for the review of
programmes on use of nuclear energy, goals and quality of selected equipment and devices of
nuclear technology, as well as for commitments of the Slovakia Republic under international
agreements in the field in question.

The nuclear safety in the Slovakia Republic is the responsibility of the operator. The operator
is liable to provide for any aspects of nuclear safety. The operator (Slovak Power Enterprise)
is subordinated to the Ministry of Economy.

1.3 :KDW�LV�WKH�SULPDU\�UHJXODWRU\�ERG\"
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The primary regulatory body in the Slovakia Republic is the Nuclear Regulatory Authority
(hereinafter UJD). The UJD was established by the Slovak Parliament as an independent
governmental body in January 1993 through the passage of Act No. 2/1993. The UJD has
enforcement authority, adequate competence and resources to fulfil its responsibilities and
duties. The UJD staff represents 82 persons. The resources are received through the
governmental budget.

The main role of UJD is to guarantee to the citizens of the Slovakia Republic as well as to the
international community that the nuclear energy on the territory of the Slovakia Republic will
be used exclusively for peaceful use. Also, that nuclear installations in Slovakia Republic are
designed, constructed, operated and decommissioned in compliance with the relevant
legislation.

The UJD has five principal regulatory functions:
a) establish standards and regulations,
b) review and assessment,
c) issue licenses for nuclear facilities organisations, selected personnel and users of nuclear

materials,
d) inspect facilities organisations and users of nuclear materials, and
e) public information,
in order to ensure compliance with the UJD requirements.

1.4 :KDW�VXSSRUW�RUJDQLVDWLRQV�DUH�UHFRJQLVHG�±�ZKDW�LV�WKHLU�UROH"

The UJD for the fulfilment of its duties and responsibilities co-operates with external support
organisations, which include:
a) various domestic and abroad institutes, design and analytical organisations (e.g., VÚJE

Trnava, RELKO Bratislava, VUEZ Tlmace, ÚJV Rez, etc.),
b) universities (e.g., Slovak Technical University), and
c) Slovak Academy of Sciences.

The support provided by external organisations to UJD is based on contractual basis and
covers:
a) elaboration of submittals for generally binding legal provisions issued by UJD,
b) preparation and review of guidelines issued by UJD,
c) definition of qualitative and quantitative safety criteria,
d) consultancy on actual issues of nuclear safety and inspections,
e) elaboration of studies to the actual problems of nuclear safety,
f) training and education of regulatory staff,
g) acquisition, collection, processing and storage of technical and technological data,
h) transfer of know-how, and
i) other supportive services.

The management of UJD has arranged an advisory body "Nuclear Safety Committee". The
main task of committee is to advise to the management of UJD in case before taking
important decisions, and to suggest approaches to comprehensive safety issues concerning of
nuclear installations.
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Important for the UJD is the co-operation with the International Atomic Energy Agency
(hereinafter IAEA), US NRC, Finish STUK, German GRS and other regulatory bodies. The
co-operation is mainly focused in the training and education of UJD staff, information and
experience exchange and performance of international safety review. The co-operation is
financed from state national budget or is sponsored by foreign partners. European Community
also provides a support to UJD (e.g., PHARE projects).

There is the Department for Safety Analyses and Technical Support (hereinafter DSA) in the
UJD’s organisational structure. The DSA provides an independent technical support to UJD
in the area of safety assessment and evaluation of operational events by means of computer
codes. The DSA team also participates in external technical projects.

1.5 :KDW�LV�WKH�KLVWRULFDO�EDFNJURXQG�WR�WKH�DSSURDFK�WR�QXFOHDU�VDIHW\��H�J��GHULYHG�IURP
86�VWDQGDUGV�"

The mix of the individual types of operated reactors in the Slovakia Republic includes
WWER-440/V230 units (2 units at NPP Bohunice), WWER-440/V213 units (2 units at NPP
Bohunice and 2 units at NPP Mochovce), and WWER-440/V213 units under construction (2
units at NPP Mochovce). The type of V230 reactors is significantly different from the type of
V213 as for their design and safety elements. The reactors V213 at NPP Bohunice and at NPP
Mochovce are based on identical design principles. Type V213 NPP Mochovce reactors,
however, had a number of improvements in their original design and also contains new safety
elements. The safety of the original project was reassessed during the construction of NPP
Mochovce, and the project became subject of numerous safety related upgrading measures.

The original design for V230 and V213 types of reactors was based on Soviet standards for
nuclear power plants design (so-called OBP). Those V230 reactors, however, did not meet
nuclear safety standards as defined by the IAEA NUSS Safety Standard Series. Safety
deficiencies were also addressed for the original design of V213 reactors. This was the main
reason to start, after 1989, a gradual reassessment of nuclear safety of the operated units and
units under construction. The assessment safety was conducted by Slovak engineering
organisations as well as by international review missions. The IAEA played a significant role
in the safety review process: it organised several missions within 1991 - 1997 focusing on the
review of design and operation safety of nuclear reactors in Slovakia. As a result of the
reviews, a number of documents were drafted summarising shortcomings and faults identified
from the viewpoint of nuclear safety. These results have been included in the IAEA
documents TECDOC-640 WWER-440/V230 Ranking of Safety Issues, and IAEA-EBP-
WWER-03 Safety Issues for WWER-440/V213 and their Ranking. The documents mentioned
became the basis for defining of safety upgrade programs for V230 and V213 types of
reactors.

The UJD issues the regulations to regulate the implementation of acts and to define the safety
requirements. In addition, UJD prepares the guidelines, which contain methods and
approaches how to meet the safety requirements.

1.6 :KDW� LV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� QXFOHDU� VDIHW\� DXWKRULW\� DQG� LWV� PHWKRGV
FRPSDUHG�WR�WKH�WUHDWPHQW�RI�RWKHU�LQGXVWULDO�KD]DUGV�LQ�\RXU�FRXQWU\"

The UJD co-operates with other Central State Administrative Offices in the Slovakia
Republic (particularly, Ministry of health, Ministry of Interior, Ministry of Environment and
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Office of Safety at Work), which deal with industrial hazards. The Ministry of Health is the
authority for the supervision of radiation protection. The responsibilities of Ministry of
Interior, in addition to other matters, include the general fire protection. In cases of nuclear,
radiation and non-nuclear accidents, it is also responsible for assistance to the public. The
Ministry of Environment fulfils the role of main state supervisor in the environmental matters.
The Office of Safety at Work provides a professional supervision of safety at work and health
protection, safety of technical equipment and compliance with the set working conditions.

The UJD approach to nuclear safety is based on IAEA approach. As stated in WENRA report
(DSIN/FAR/SD6/No. 00-60525), the UJD has achieved regulatory practices comparable with
these of Western European Nuclear Regulators.

1.7 'RHV�WKH�UHJXODWRU\�ERG\�VSHFLI\�SDUWLFXODU�GHVLJQ�FRGHV�±�LI�VR�DUH�WKHVH�QDWLRQDO�RU
LQWHUQDWLRQDO"

The Nuclear Regulatory Authority specifies particular design codes in regulatory decisions
and nuclear safety-related requirements with the aim to harmonise and to achieve
internationally accepted standards of nuclear safety in the nuclear installations in the Slovakia
Republic. The specified codes and standards include applicable national standards adopted
from the former Czechoslovakia (so-called CSN standards), standards of the former Soviet
Union and, above all, international codes and documents issued by the IAEA (i.e., Nuclear
Safety Series Standards - NUSS or TECDOC), EU (e.g., Codes of International Electrical
Commission - IEC Codes) or US NRC (i.e., Codes of Federal Regulations - CFR Codes).

1.8 ,V�WKH�UHJXODWRU\�UHJLPH�SUHVFULSWLYH��LI�VR�JLYH�UHIHUHQFH�WR�UHJXODWLRQV��RU�LV�WKH�IRUP
RI�VXEPLVVLRQ�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU��LI�VR�ZKDW�JXLGDQFH�LV�SURYLGHG�"

The Act No. 130/1998 (Atomic Act) defines the nuclear safety as conditions and abilities of
nuclear installation and its operating staff to prevent uncontrollable development of fission
reaction or to prevent unacceptable leaks of radioactive substances or ionising radiation into
the working or living environment, and to reduce the consequences of accidents and incidents.
Nuclear safety in the Slovakia Republic is the responsibility of operator.

The operator is liable to provide for any aspects of nuclear safety, in particular:
a) competent staff,
b) sufficient funds,
c) continuous assessment of nuclear safety during the operation,
d) protection against ionising radiation,
e) issue of operating regulations,
f) drafting of working programs.

Moreover, the operator is liable to identify responsibility and liabilities of its individual
division so as to achieve efficient management and safe operation of nuclear installations in
accordance with safety requirements. Among other, the application of so-called ALARA
principle (As Low As Reasonably Achievable) is made mandatory for any work with ionising
radiation sources.

The UJD performs tasks in the area of state administration imposed upon it by the Atomic Act
No. 130/1998 and by its supporting legislation. This task consists, among others, of issue
regulations and establishment licensing on the use of nuclear energy.
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Up to now, the UJD issued regulations on special materials and installations, limits for
maximum quantities of nuclear materials, physical protection of nuclear materials and
radioactive waste, professional ability of employees at nuclear installations, registration and
control of nuclear materials, emergency planning, and reporting of events on nuclear
installations). Simultaneously, six others regulations are just before the completion and they
are in various stages of the legislative process. In addition, the UJD performs remarkable
activities in the legislative area by preparation of safety guidelines, which have a character of
recommendations. These guidelines contain methods and approach how to meet the safety
requirements presented in the generally binding provisions. An actual information on
regulations and safety guidelines issued by UJD is available on the UJD website
(www.ujd.gov.sk).

1.9 ,V�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHJXODWRU�DQG�XWLOLWLHV�YLHZHG�DV�FROODERUDWLYH�RU�LV�LW
WKURXJK�IRUPDO�H[FKDQJHV"

The UJD communicates with supervised organisations through formal exchanges issuing the
regulations and decisions. The regulations specify the regulatory requirements and criteria to
the design, construction, commissioning, operation and decommissioning of nuclear
installation. The decisions are more specific and refer to particular nuclear installations. They
are signed by chief inspector of the UJD. Major review findings of safety documentation,
inspection findings and conclusions of international review missions are discussed with
supervised organisations. In addition, regular top level meetings between the UJD and
supervised organisations are arranged to discuss issues of nuclear safety, which are in mutual
interest.

1.10 'RHV�WKH�5HJXODWRU�SOD\�DQ�DFWLYH�UROH� LQ�VSRQVRULQJ�DQG�GLUHFWLQJ�VDIHW\�UHVHDUFK"
+RZ�LV�WKLV�ZRUN�IXQGHG"

The UJD in its activity utilises results of science and research with the aim to achieve
internationally accepted standards of nuclear safety in the nuclear installations in Slovakia.
The UJD supports the research and announces research projects. To prepare the research
projects, the UJD communicates with other Central State Administrative Offices in the
Slovakia Republic (Ministry of Economy, Ministry of Education and Ministry of Finance),
research organisations and universities. The research is founded from the state budget and is
focused in support of UJD.

PART 2 – DESIGN BASIS ASSESSMENT

2.1 +RZ�LV�WKH�´'HIHQFH�LQ�'HSWK´�FRQFHSW�LQWHUSUHWHG�IRU�GHVLJQ�EDVLV�DVVHVVPHQW"

The defence in depth concept is one of the fundamental principles since it underlies the safety
technology of nuclear power plants. All safety activities, whether organisational, behavioural
or equipment related are subject to layers of overlapping provisions. The concept is
implemented primarily by means of series safety barriers, which should not be jeopardised.
These barriers are physical, providing for the confinement of radioactive material. Each
physical barrier has to be designed conservatively and its quality is checked to ensure that the
margins against failure are retained. Defined requirements include deterministic as well as
probabilistic ones. They are defined in quantitative and/or qualitative way and are specified in
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a set of UJD guidelines, UJD decisions or referred to the internationally accepted documents
(IAEA). Operation of nuclear power plant is allowed if this multi-barrier system is not
jeopardise and is capable of functioning as designed.

2.2 $UH� WKH� UHTXLUHPHQWV� VSHFLILHG� LQ� D� GHWHUPLQLVWLF� PDQQHU� �ZKDW� DERXW� HTXLSPHQW
UHOLDELOLW\�DQG�PDLQWHQDQFH�"

The UJD requirements include deterministic as well as probabilistic ones. They are defined in
quantitative and/or qualitative way. The requirements are provided in the safety guidelines,
regulatory decisions or refer to the internationally accepted documents. The UJD specifies
probabilistic numerical targets (e.g., system reliability, core damage frequency, radioactive
release, etc.). The allowed outage time and the test interval for equipment for the plant
operation are defined in the Technical Specifications. The Technical Specifications are an
inevitable part of the plant safety documentation, which is approved by the UJD (Atomic
Act).

2.3 :KDW�UXOHV�DSSO\�WR�WKH�GHWHUPLQLVWLF�DQDO\VLV��H�J��VLQJOH�IDLOXUH�±�LWV�LQWHUSUHWDWLRQ�
���PLQXWHV�UXOH�"

The UJD requirements to the safety analyses (deterministic as well as probabilistic) are
referred the safety guidelines issued by UJD (e.g., Requirements for Safety Analyses, BNS
I.11.1/1995, UJD) and IAEA (e.g., Accident Analyses, EBP-WWER-01, IAEA, 1994). For
the design basis accident analyses used for licensing purposes, single failure criterion is
applied and generally, an operator intervention is possible not earlier than 30 minutes since
the accident initiation. The single failure criterion, its interpretation and application are
explained in the UJD guideline (Single Failure Criterion, BNS, I.4.1/1999, UJD), which is
based on the corresponding IAEA documents of Safety Standards Series.

2.4 +RZ�DUH�DFFLGHQW�VHTXHQFH�JURXSV�DQG�WKH�SODQW�VHTXHQFHV�WR�EH�DQDO\VHG�VSHFLILHG
�LV�WKH�OLVW�RI�VHTXHQFHV��VHOHFWLRQ�FULWHULD�GRFXPHQWHG�"

The UJD requirements prescribed to the deterministic safety analyses used for licensing
purposes referred to the safety guidelines issued by UJD (e.g., Requirements for Safety
Analyses, BNS I.11.1/1995, UJD), IAEA (e.g., Accident Anlyses, EBP-WWER-01, IAEA,
1994) or, in some specific cases, are specified in the UJD decisions (e.g., Decision 1/94,
UJD). The requirements cover all major features of analyses. They include the list of analysed
accidents, their categorisation, acceptance criteria, modelling assumptions, operator
intervention, quality assurance, etc. The prescribed list of analysed accidents, their
categorisation and criteria themselves are derived from the corresponding IAEA documents
(Safety Standard Series and publications of IAEA from extra budgetary program for WWER).

2.5 :KDW� DUH� WKH� DFFHSWDQFH� FULWHULD� ±� DQ� (YDOXDWLRQ� 0RGHO� RU� DUH� ´EHVW� HVWLPDWH´
DQDO\VHV��ZLWK�XQFHUWDLQW\�WUHDWPHQW��DFFHSWDEOH"

Generally, the deterministic safety analyses for licensing purposes are performed in
conservative way and safety criteria are also defined in conservative way. The level of
required conservatism depends on category of analysed accidents. More stringent criteria and
more stringent modelling assumptions are applied to the more frequent accidents, and
released criteria and less conservatism is applied to the less frequent accidents (e.g., beyond
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design basis accidents). The best-estimate analyses with uncertainty treatment are also
applied.

2.6 ,I� SUREDELOLVWLF� WDUJHWV� DUH� VHW�� ZKDW� DUH� WKH\"� � ,V� WKH� DQDO\VLV� H[SHFWHG� WR� EH
FRQVHUYDWLYH"

The UJD recognises the methodology of probabilistic safety assessment (PSA) and requires
performing of PSA level 1 and level 2 (including floods and fires). The UJD does not
prescribe to perform PSA and its application in conservative or realistic way. Important is the
confidence of calculated results, which should be acceptable. In order to simplify the analyses
some conservatism can be useful. In such a case all simplifications and assumptions should be
listed and explained. The PSA analyses should be completed by uncertainty and sensitivity
analyses.

The UJD defines numerical targets for probabilistic safety assessment (e.g., reliability of
systems, frequency of core damage, frequency of large, early releases). The targets refer to the
UJD guideline (Application of PSA, BNS I.4.2/1999, UJD) and corresponding IAEA
documents.

The PSA studies elaborated for NPPs operated in the Slovakia Republic were reviewed and
accepted by IAEA independent peer review missions.

2.7 :KDW� PHWKRGV� DUH� XVHG� WR� DGGUHVV� FRPPRQ� IDLOXUH� PRGH� DQDO\VLV� DQG� LVVXHV� RI
GLYHUVLILFDWLRQ�DQG�VHSDUDWLRQ�LQ�WKH�GHVLJQ�DQDO\VLV"

The common failure modes are considered in the design (e.g., instrumentation and control
system). An impact of common mode failures of plant equipment on the nuclear power plant
(hereinafter NPP) during accident conditions is evaluated and documented in the Safety
Analyses Reports (e.g., Safety Analysis Report for Bohunice V1 NPP after Gradual
Reconstruction, 2000).

The common failure modes in the probabilistic safety assessment are systematically analysed
by methods of ”beta factor”, ”alpha factor” and ”multiple Greek letters” recommended in the
IAEA guidelines on PSA methodology. Usually, generic data are used in the analyses because
of lack of specific data.

2.8 :KDW�PHWKRGV�DUH�XVHG�IRU�KXPDQ�IDFWRU�DVVHVVPHQWV��LI�SHUIRUPHG�"

Human factor is evaluated within the regular training of operational staff and its examination.
An assessment of human factor is performed using plant specific simulators.

Human reliability analysis and impact of human factor on nuclear safety is evaluated in
probabilistic safety assessment. Selection of used methods of human analysis and its
application is carefully considered before analyses. Only broadly (internationally) accepted
methods can be used (Application of PSA, BNS I.4.2/1999, UJD).

2.9 :KDW�VWDQGDUGV�DUH�XVHG�IRU�ILUH�DQG�VHLVPLF�SURWHFWLRQ"
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The concept of fire protection in the NPP operated in the Slovakia Republic refers to the
international requirements on fire safety specified in the IAEA NUSS Codes (i.e., IAEA
document 50-SG-D2).

The evaluation of seismic risk and seismic protection is performed in compliance with IAEA
recommendations specified in IAEA NUSS Codes.

2.10 :KDW�VWDQGDUGV�DUH�XVHG�IRU�UHDFWRU�SURWHFWLRQ�V\VWHPV�DQG�VDIHW\�FULWLFDO�VRIWZDUH"

The design, verification, manufacturing, installation and testing of reactor protection system
and safety related software follow the:
national standards and regulations,
IAEA NUSS Codes, safety guides and guidelines (e.g., 50-SG-D3, -D8),
standards of International Electrical Commission (IEC 880, IEC 61513),
standards and regulations of supplied technology countries (e.g. KTA standards),
supporting standards (Institute of Electrical and Electronics Engineers - IEEE), codes and
regulations of other regulatory bodies as US NRC (e.g., IEEE 7-4.3.2-1993).

The instrumentation and control system (I&C), originally Russian designed, was completely
replaced by western digital one at Slovak NPP Bohunice V1 (WWER-440/V230) and
Mochovce NPP (WWER-440/V213). The replacement of I&C system is scheduled for
Bohunice V2 NPP (WWER-440/V213).

2.11 :KDW�DSSURDFKHV�DUH�XVHG�WR�FRQWURO�DQG�DVVHVV�SODQW�PRGLILFDWLRQV"

Following the Atomic Act (No. 130/1998), any design changes occuring during the
construction, operation or decommissioning of a nuclear installation, which impact on nuclear
safety shall be submitted by the builder or the operator to the UJD for approval. During
construction and commissioning of a nuclear installation and throughout its period of
operation, including provisions for decommissioning, the builder and operator shall perform
comprehensive and systematic evaluation of nuclear safety and take steps to eliminate any
deficiency identified. The evaluation is to be performed at intervals and with a scope defined
by UJD.

The assessment of safety was conducted by Slovak engineering organisations as well as by
international review missions. The IAEA played a significant role in the safety review
process: it organised several missions within 1991 - 1997 focusing on the review of design
and operation safety of nuclear reactors in the Slovakia Republic. As a result of the reviews, a
number of documents were drafted summarising shortcomings and faults identified from the
viewpoint of nuclear safety. These results have been included in the IAEA documents (i.e.,
TECDOC-640 WWER-440/V230 Ranking of Safety Issues and IAEA-EBP-WWER-03
Safety Issues for WWER-440/V213 and their Ranking). The documents mentioned became
the basis for defining safety upgrade programs for V230 and V213 types of reactors.

Similarly as in many other countries, neither Slovakia Republic has officially codified rules or
requirements with respect to safety upgrading of nuclear reactors. Consequently, UJD’s
requirements are specified for individual reactor types. Safety upgrade programs are
developed by operator of nuclear power plant, who bears overall responsibility for nuclear
safety.
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In the Slovakia Republic, the nuclear power plant safety concept has based on so-called
"defence in-depth" strategy used generally world wide in design and operation of nuclear
power plants. In assessing NPP safety, the UJD assesses the ability of the installation to fulfil
safety-related functions along the lines of the design, to ensure the required in-depth defence
level.

The safety upgrading process in Slovakia follows the current international safety standards.
Certain specific measures were set based on a comparison of selected national standards with
those applied in developed countries. As a rule, safety upgrading measures for WWER-440
reactors have generally been oriented towards improving reliability, redundancy (in particular
with respect to V230 reactor type), and physical separation of the safety systems.

Lists of safety-related imperfections, the treatment of which is included in the safety upgrade
program for specific type of reactor, have been a result of recent developments in the field of
primary circuit integrity, assessment of events at nuclear installations, results of beyond
design basis accident analyses, etc.

The UJD uses deterministic approach to effectively manage the safety upgrading process, in
particular to improve the safety of emergency systems (independence, redundancy). PSA for
specific reactor is used to prioritise the individual safety improvement measures, in particular
those which may contribute most to the core melt-down.

Safety upgrade related requirements are partially linked to the probability of accidents.
Acceptance criteria set forth by UJD for the safety analyses are generally expressed in terms
of acceptable radiological consequences, which differ according to the probability of the
initiation event. In addition, conservative or so-called best estimate procedures are used for
safety analyses.

The results of the periodic safety review of the operated V230 and V213 reactor types
prescribed by former Czechoslovak Atomic Energy Commission (hereinafter CSKAE) and
subsequently by UJD are:
a) requirements were put forward to complete the safety reports to match the format usual in

developed countries,
b) requirements were set up for safety upgrade of nuclear reactors,
c) requirements were set up for safety upgrade of reactors under construction, and
d) requirements were set up for systematic periodical safety reviews of all nuclear reactors in

Slovakia. The requirements concerning periodical safety reviews were prescribed by UJD
in the safety instructions on Periodical Safety Reviews developed on the IAEA safety
instruction 50-SG-O12 as well as based on experience from the contents and application
of periodical safety reviews in developed countries.

PART 3 – SAFETY REVIEW AND BACK-FITS

3.1 ,V�WKHUH�D�UHTXLUHPHQW�WR�DVVHVV�WKH�VDIHW\�UHYLHZ�RI�WKH�SODQW��H�J��WKURXJK�36$V��

Following the Atomic Act (No. 130/1998), during construction and commissioning of a
nuclear installation and throughout its period of operation, including provisions for
decommissioning, the builder and operator shall perform comprehensive and systematic
evaluation of nuclear safety and take steps to eliminate any deficiency identified. The
evaluation is to be performed at intervals and with a scope defined by UJD.
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The PSA is also used to evaluate the impact of safety modification and plant upgrading (e.g.,
PSA for Bohunice V1 NPP after gradual reconstruction, RELKO, 2000).

3.2 $UH�36$V�HYDOXDWHG�DV�SDUW�RI�WKH�UHJXODWRU\�SURFHVV"

Following the Slovak legislation, the probabilistic safety assessment (PSA) is not included in
the licensing process. The PSA is considered as a complementary tool to the traditionally
accepted deterministic approach for safety assessment. The PSA is used for safety upgrading,
identification of design and operation weaknesses, prioritisation of safety measures, changes
of Technical Specifications, etc. All major safety important decisions taken by operator are
supported by probabilistic analysis (e.g., replacement of diesel generators in Mochovce NPP).
All NPPs operated in the Slovakia Republic have completed PSA study level 1. The PSA
studies are periodically updated to reflect the actual plant status.

3.3 $UH�GLIIHUHQW�DSSURDFKHV�DQG�VWDQGDUGV�XVHG�IRU�WKH�DVVHVVPHQW�RI�WKH�VDIHW\�PDUJLQ
IURP�WKRVH�XVHG�LQ�WKH�GHVLJQ�EDVLV�DQDO\VLV�±�LI�VR�SOHDVH�VSHFLI\��DOVR�LI�LVVXHV
DGGUHVVHG�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�GHVLJQ�EDVLV�±�H�J���HIIHFWLYHQHVV�RI�HPHUJHQF\
RSHUDWLQJ�SURFHGXUHV�"

The safety margin of NPP operated in the Slovakia Republic is assessed and documented in
the safety analysis reports (hereinafter SAR). The SARs mostly deals with design basis
analyses. The impact (effectiveness) of emergency operating procedures on nuclear safety is
evaluated through PSA.

3.4 +RZ� LV� WKH� FRQFHSW� RI� ´$V� /RZ� DV� 5HDVRQDEO\� 3UDFWLFDEOH´� LQWHUSUHWHG� ±� LV
FRQVLGHUDWLRQ�RI�FRVW�EHQHILW�DQDO\VLV�HQFRXUDJHG�DOORZHG�

In compliance with the Atomic Act (Act No. 130/1998), the operator ensures that radiation of
employees and other persons to ionising radiation caused by operation of nuclear installation
is kept below the set of limits during all operating states and activities and at the lowest
reasonable achievable level. There are regulations for limiting radiation exposure of the
general public and releases of radioactive materials into the environment. For the application
of ALARA principle, the cost consideration is taken into account.

3.5 ,V� WKHUH� D� SROLF\� IRU� EDFN�ILWV� EH\RQG� WKRVH� UHTXLUHG� IRU� WKH� GHVLJQ� EDVLV� �H�J��
K\GURJHQ�PDQDJHPHQW�V\VWHPV�IRU�VHYHUH�DFFLGHQWV�"

The policy for the NPP back-fits beyond design basis is in development in coincidence with
the preparation of severe accident management guidelines (hereinafter SAMG). The strategy
includes preventive as well as mitigation measures (e.g., post accident monitoring system
qualified for beyond design basis accidents has been installed, technical support centres have
been arranged at NPPs, analytical basis for SAMG was prepared, hydrogen recombiners were
installed at some NPP, etc.).

3.6 :KDW�UHJXODWRU\�DSSURYDO�LV�UHTXLUHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�(PHUJHQF\�2SHUDWLQJ
3URFHGXUHV�DQG�6HYHUH�$FFLGHQW�0DQDJHPHQW�3URFHGXUHV��*XLGHOLQHV"

Any permission to the commission, operation (including life extension or power
enhancement) of nuclear installation is issued by the UJD on submission of safety
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documentation. The safety documentation includes (among others) selected operation
procedures (e.g., emergency operation procedures), which are reviewed at the UJD. The scope
and method of preparation of safety documentation is established in the generally binding
regulation, which is issued by UJD. The operating procedure shall be validated to the extent
practicable with the participation of the operating staff. The UJD specified general
requirements to the severe accident management guidelines (hereinafter SAMG). The SAMG,
till now, are not included in the safety documentation and are not any part of licensing
process.

PART 4 – STANDARDS FOR FUTURE REACTORS

4.1 $UH� \RXU� FXUUHQW� UHJXODWLRQV� DQG� VWDQGDUGV� DSSURSULDWH� IRU� IXWXUH� UHDFWRUV� LQ� \RXU
FRXQWU\"

Not answered.

4.2 ,I� QRW�� ZKDW� H[WHQVLRQV� GR� \RX� DQWLFLSDWH� WR� WKH� UHJXODWRU\� IUDPHZRUN� IRU� IXWXUH
UHDFWRU�GHVLJQV"

Not answered.

4.3 $VVXPLQJ�WKDW�IXWXUH�UHDFWRUV�ZLOO�KDYH�D�JUHDWHU�SURYLVLRQ�DJDLQVW�VHYHUH�DFFLGHQWV�
ZKDW�OHYHO�RI�DVVHVVPHQW�ZLOO�EH�UHTXLUHG��H�J���GHWHUPLQLVWLF��36$�HWF�"

Approach to the nuclear safety in the Slovakia Republic is based on the IAEA approach and
UJD requirements to nuclear safety refer to and use the internationally accepted documents,
standards and methods (see answers to questions provided hereinbefore). Any new
construction of any nuclear installation in the Slovakia Republic should be internationally
reviewed and accepted. Currently, there is no request to build any new NPP in the Slovakia
Republic.

4.4 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�´EHVW�HVWLPDWH´�PHWKRGV�LQ�WKH�IXWXUH"

Greater use of the best-estimate methods in the future is anticipated. A possible application of
best-estimate methods and a reduction of excessive conservatism in nuclear safety assessment
are expected for the life time extension or power enhancement of existing NPPs (WWER-
440/V213). Other possible application can be seen in conjunction with the future de-
regulation of electricity market to increase the NPP competitiveness in comparison to non-
nuclear power plants.

4.5 'R�\RX�DQWLFLSDWH�JUHDWHU�XVH�RI�´5LVN�,QIRUPHG´�0HWKRGV��LV�WKLV�DSSURDFK�GHILQHG�"

The risk informed methods are started to use in safety assessment of NPPs in the Slovakia
Republic. Greater application of mentioned methods in the future is expected.
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/HJLVODWLYH�DQG�5HJXODWRU\�)UDPHZRUNV

Legislative and statutory frameworks have been put in place by EU governments to enforce
practices for the safety and licensing of nuclear power plants within their own countries.  The
legislation is set down in acts against which ministries and other organisations define health
and safety practices and standards.  Regulatory organisations are set up specifically for the
licensing of nuclear installations and the enforcement of safety.

Regulatory organisations have sufficient authority divested from government to carry out
their licensing function, to inspect and enforce safe operation of plant.  In most EU countries,
regulatory function is controlled at the state level, except, in Germany where regulatory
responsibilities are with the competent ministries of the Federal States.  An extremely
important principle within the EU is that the regulatory authority should have no conflicts of
interest, and no responsibilities or duties that might conflict with regulatory control.

The regulatory bodies have at their disposal adequate resources and competencies to enable
them to carry out their function.  This requirement is serviced by TSOs in some EU countries,
e.g. GRS in Germany, IPSN in France.  However in the other countries, e.g. UK, Spain and
Scandanavia there are no officially recognised institutions.  In the latter case, specific work is
contracted to various competent organisations, e.g. technical consultancies and universities, as
necessary.  The approach adopted also depends on the capacity of the regulatory body and
framework.

All the EU countries have developed their safety culture over a number of decades, some
from the 1950s.  This has been developed from an independent standpoint but most countries
have been influenced by US requirements.  This is particularly so in those EU countries which
operate LWRs of US origin, where there is a national requirement that operating plants would
be licensable in their country of origin.

Across the EU, there are synergies between the nuclear safety authority and the authorities
responsible for the control of other industrial hazards.  In general nuclear safety authorities
have deeper and stricter powers of enforcement compared with their non-nuclear counterparts.

EU regulatory authorities do not in general specify particular design codes.  However in
practice a number of different industrial standards are typically adhered to, to justify the
licensing design basis.  These include the US Code of Federal Regulations, USNRC guides
and standards and ASME code and ANS/ANSI standards.  The important principle is that an
industrial applicant must define the relevant standards.

Regulatory regimes within the EU are generally less prescriptive than in the US.  However in
some countries, e.g. Finland, there exist a comprehensive system of regulations and safety
guides but the intention is that these should be written in such a way that the development of
safety culture is not impeded.

The relationship between regulator and utility are generally collaborative within the EU (e.g.
compared with the US), although more so for research than for formal licensing.  This is an
increasing trend.
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There are significant differences across the EU in the role that the regulator takes in regard to
sponsoring and directing research.  Where large TSOs exist, research programmes tend to be
of a broader scope, less specific in respect of particular issues and generally have longer term
objectives.  In some EU countries, the utilities are levied for research, which engenders more
specifically focussed activities.

'HVLJQ�DQG�&RQVWUXFWLRQ�RI�133V

The main design objectives of nuclear facilities are that the design, construction, operation
and maintenance are such as to ensure safe and economical production of electricity.  From
the point of view of regulation, the key objective in design is the prevention of accidents.
This is achieved through diversity and redundancy of the safety systems, components and
structures.

Designs are based on the ‘defence in depth’ principle.  There are a number of levels of
protection and multiple barriers to prevent release.  A number of EU countries, e.g.
Netherlands and Sweden implement the IAEA code of design which requires 5 levels of
defence to cover the prevention of abnormal operation and failure through to mitigation of the
radiological consequences of significant releases of radioactive materials.

The following three principles are well established within the EU.  All technical aspects of the
design are suitably qualified, taking due account of previous experience and testing.  The
design requirements are deterministic for the various safety barriers in the sense that they
must have the ability to withstand various specific events and conditions for which they are
designed to protect the plant.  Examples include pipe break, transients, fire, flooding, seismic
event and sabotage etc.

Manufacturing, inspection and operational standards are defined according to safety
classification requirements.  These ensure that plant operation continues to operate safely and
within established margins.

Man-machine interface and human factors are taken account of in design and in the
operational requirements.  In the wake of increased awareness of the impact of human factors
on plant safety, regulators now require that utilities consider human factor engineering
concepts, either as part of the original design or as required in design modifications.

The ALARP or ALARA principles are generally adopted to ensure that risks are reduced to a
level that is accepted by the regulator to be ‘as low as reasonably practicable (or achievable)’.
Most EU countries follow this approach in qualitative terms.  However safety improvements
are generally introduced without a requirement for formal cost benefit analysis.

$VVHVVPHQW�DQG�9HULILFDWLRQ�RI�6DIHW\

The design of a plant is subject to comprehensive independent assessment to ensure that all
safety objectives have been met before acceptance of the safety case by the regulator.  This is
a common practice initiated by the licensee and required by the regulator.  This safety review
may take various forms, it may include a detailed and lengthy public enquiry, as conducted in
the UK prior to the licensing of Sizewell-B.
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Regulator acceptance of the safety case, including safety analysis and a commissioning
programme, is required prior to operation.  This includes validation (as far as possible) of all
operational procedures and intended practices.

The plant operating envelope for safe operation is defined via safety analysis, and
commissioning tests.  This may be revised in the light of subsequent operational experience or
plant modification.

Deterministic approaches have been carried out over many years to demonstrate the reliability
and safety of design.  This is the classical approach for DBA that has been adopted in all
countries within the EU.  The single failure criterion has been commonly adopted, as has the
30 minute rule, i.e. that the safety objectives can be met without operator intervention within
the first 30 minutes into an accident.

The accident sequence groups and the plant sequences to be analysed are defined by the
licensee (rather than the regulator) in most EU licensing submissions.  However the list of
sequences is commonly based on that specified in the USNRC Reg. Guide 1.170, particularly
where there is the necessity to demonstrate that a US designed plant is licensable in its
country of origin.

The majority of licensing submittals have been carried out using the EM approach.  The
option to allow Best Estimate methodologies with uncertainties for licensing is becoming a
common trend.  This is allowed by EU regulators, following the US initiative in the light of
improved understanding of DBA phenomena.  Risk informed regulation is starting to be
considered within the EU in certain aspects of licensing, e.g. via cost benefit analysis to
define maintenance requirements.

Deterministic safety assessments are now being complemented by PSA studies to verify the
overall design and system of operation.  Utilities have set probabilities in defining DBA
limits.  PSAs are carried out by most EU countries to demonstrate confidence in the safety
goals, e.g. that there are no cliff edge effects beyond the DBA limits.

Plants are scrutinised for common mode failure.  The majority of the LWRs operating in the
EU include redundant and diverse safety systems.  Account is taken of operating experience
and these risks may be evaluated through PSAs (e.g. in Spain).

Additional EU principles in relation to the assessment and verification of safety include
following.  Human factor capabilities and limitations are taken into account in all aspects of
plant operation, throughout the life of a particular installation.  The operator needs to
demonstrate adequate protection for a wide range of human error conditions within the DB.
These should cover the complexity of individual tasks, psychological effects, physical
environment and potential dependencies.

Wide ranging safety issues in relation to external factors are taken into account in the site
selection procedures.  The operator needs to demonstrate adequate protection against a wide
range of hazards (including abnormal wind loading, seismic flood, fire, explosion, missile and
aircraft protection.  Frequency limits are typically set for the DBA.
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Standards for reactor protection systems and safety critical software are not currently
prescribed by the regulator.  The principle is that the operator should demonstrate a consistent
safety concept via the use of an appropriate QA system.

Licensing procedures for modifications are similar to those followed in the licensing of the
original plant.  An important principal is that a safety review be carried out to ensure that all
aspects of safety have been considered in the proposed modification.  The review must be
carried out systematically and documented.

2SHUDWLRQDO�6DIHW\

All aspects of operation, testing, maintenance etc. are carried out using appropriately trained
and authorised staff.  This is ensured through rigorous training programmes undertaken by
utility staff within the EU.

Periodic safety reviews of a plant are carried out on an agreed regular basis to assess the
safety margin and to ensure that all relevant safety issues for continued operation of the plant
are taken into account.  The periods of review vary from EU country to country in the range
of a few years up to 10 years.

Adequate engineering and technical support staff are available for the lifetime of the plant.
Periodic safety reviews are required by all regulators within the EU in which the utility is
required to demonstrate all aspects of his licence for continued operation.  There is a general
consensus on the importance of such reviews.

The operator ensures by appropriate testing and inspection that the physical state of the plant
stays within its licensed operating envelope.  This is also enforced via the periodic safety
review.

Any incidents with relation to safety are recorded and reported to the regulatory bodies.
Lessons learned from plant operation and other international experience are taken into
account in the periodic safety reviews.

Prior to any decommissioning activity, procedures are agreed with the regulator.  It is not
necessarily the case that these procedures have to be in place prior to plant operation.

PSAs are commonly being utilised in most European countries to demonstrate the safety
margin in periodic safety reviews.  However they are not generally mandatory.

The majority of EU countries have put a significant investment into severe accident research.
For severe accidents there is no common agreement in approach with regard to licensing,
although there is generally a greater move to improve understanding through research.

Documented and approved procedures, as a basis for operator response for faults and design
basis accidents, are established by the plant operator.  An important principle is that of
configuration control and the existence of an auditible trail.  This is practised by the EU
countries via the implementation of appropriate QA procedures.

Procedures for dealing with radioactive waste are defined and agreed with the regulator, prior
to plant operation.
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The regulatory organisations are independent from the operating utilities.  This is a
fundamental principle across the EU counties.

The utilities are responsible for the safety of their plants.  The requirement for safety must
override any other consideration, e.g. production, economic or other pressures.

Organisations concerned with the safe operation of nuclear plant have well defined
management infrastructures, including clear divisions of responsibility and lines of
communication.  Safety issues must attract the highest priority.

Utilities define and implement appropriate programmes to ensure safety throughout the
lifetime of their plant.

Plant operators maintain a sufficient workforce of adequately trained staff to perform
approved procedures required by their license to operate.

A common requirement is that nuclear power plants should be licensable in their country of
origin.  It therefore follows that many EU countries follow closely the USNRC rules and
procedures in practice.

In general the safety culture and management principles for the present EU countries have
been developed over a relatively long period of political stability, i.e. the last 50 years or so of
the last century.  This has helped to ensure the development of well established practices that
have stood the test of time.

(PHUJHQF\�3UHSDUHGQHVV

Emergency preparedness relates the strategies for avoiding nuclear accidents and for reducing
their consequences.  The objectives are to prevent the progression of the accident sequence
and to mitigate on and off site consequences.  Within the EU, emergency planning
arrangements are in place and these are supported by effective training programmes, including
periodic exercises.

Emergency Operating procedures and Severe Accident guidelines are currently the subject of
formal approval with various regulatory authorities within the EU.

,PSURYHPHQW�RI�([LVWLQJ�,QVWDOODWLRQV

In some countries within the EU there is a policy for backfits beyond those required for the
original design basis.  The main principle behind backfits is usually to ensure that the safety
level of older plants is comparable with modern nuclear power plants.

One area of consideration within some EU countries concerns the possible backfitting of
hydrogen management systems for severe accident loads.  In some countries, e.g. France,
sand filtering systems have also been installed to assure containment integrity by
depressurisation, under severe accident loads.
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The future activities on “Harmonisation of Nuclear Safety Criteria and Requirements” have to
take account of the current perspective on nuclear power as a long term energy option for the
EU and the policies adopted towards nuclear power in the EU Member States and the
Candidate Countries.  In 1975 the EC Council stated that “Nuclear power has a considerable
part to play in supplying energy to the Community” [11.1].  There is no longer a consensus on
this statement in the EU Member States in the longer term.

The vision of nuclear power as the solution to all European energy needs has changed
significantly over the past 25 years.  The accidents at Three Mile Island in the US and
Chernobyl in the Ukraine have repressed the rate of expansion and the building of new plants,
as have economic considerations.  However, about half of the EU countries and the EU
accession countries continue to operate nuclear power plants and will do so for the
foreseeable future.  In the aftermath of the major accidents there has been a significant
investment in safety research in the nuclear industry, accompanied by detailed plant
evaluations.  This process has led to some plant technical and operational modifications such
as inerting of most BWR containments, separation of systems in VVER, and the development
of emergency operating procedures for beyond design basis accidents.

There is near consensus, in the nuclear community at least, that most operating reactors do not
pose a significant threat to the environment.  There are some concerns over the defence-in-
depth in some Russian designed reactors, notably the RBMK plants and early VVER-440s.
Questions here arise over the original definition of design bases for these plants, particularly
related to the confinement, which is expensive to upgrade.  There is pressure to close plants
that cannot be upgraded to provide additional defence in depth.

While, given the experiences of the last 30 years, there is no room for complacency, there is
general agreement within the nuclear industry that the international approach to nuclear safety
as reflected in IAEA Safety Standards, and their implementation through national regulations
provides a good basis for public protection.  However, this argument is not accepted by large
sections of the public and a number of political leaders in Europe.  There has been
considerable pressure for the industry to develop “safer” reactors.  While attempts have been
made to define this level of safety in probabilistic terms, the credibility of any safety
assessment that leads to frequencies of events of 10-7 per annum (or lower), in line with
targets in many countries, is hard to demonstrate.

Against this background the continued safe operation, since the TMI-2 accident, of the large
fleet of LWRs may yet have a positive impact on public opinion, in support of further nuclear
capacity and provide confidence for future purchasers of plant.  The priority of all must be the
safe operation of these existing plants, designed to historical safety standards.  For the future,
there are strong incentives to improve understanding of safety and to continue to develop
common safety philosophies and practices within the EU, and throughout the world.
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���� (QHUJ\�3ROLF\�LQ�(XURSH

Any proposed activities on further harmonisation should be consistent with the energy
policies adopted within the European Union, and the views of the EU Member States.
Otherwise such activities will not be supported by any EU Member State with opposing
policies.

The Commission issued a White paper on “An Energy Policy for the European Union” in
1995 [11.2].  This stated that:

*LYHQ�WKH�FRQWULEXWLRQ�RI�QXFOHDU�HQHUJ\�WR�DOO�WKH�&RPPXQLWLHV¶�HQHUJ\�REMHFWLYHV�
WKLV�RSWLRQ�KDV�WR�EH�NHSW�RSHQ�EXW�LWV�IXWXUH�GHSHQGV�WR�D�ODUJH�H[WHQW�RQ�LWV
DFFHSWDELOLW\�E\�VRFLHW\�DQG�SROLWLFDO�OHDGHUV���7KLV�DFFHSWDELOLW\�SUREOHP�GHULYHV
SDUWLFXODUO\�IURP�FRQFHUQV�RQ�QXFOHDU�VDIHW\��RQ�WUDQVSRUW�DQG�GLVSRVDOV�RI�QXFOHDU
ZDVWH�DQG�RQ�QXFOHDU�QRQ�SUROLIHUDWLRQ���«��7KH�FKRLFH�EHWZHHQ�HQHUJ\�WHFKQRORJLHV
RU�IXHOV�LV�DOZD\V�D�PDWWHU�ZKHUH�SROLF\�DSSUHFLDWLRQ�LQWHUYHQHV�EXW�QXFOHDU�VKRXOG
UHPDLQ�SDUW�RI�WKH�FKRLFH�[paragraph 84].

The 1995 White Paper proposed the following actions related to nuclear safety to respond to
the concerns over nuclear power:

-  Ensuring that all EU Member States which have a nuclear programme continue to apply
standards and procedures that give adequate guarantees;

-  Linking the development of external relations to the accession of third countries to the
implementation of the International Convention on Nuclear Safety;

-  Conducting programmes for research and development for concepts of reactors with
enhanced safety, as well as establishing a scientific/technical basis for the safe disposal of
nuclear waste;

-  Pursuing the improvement of the safety of nuclear facilities in Central and Eastern
Europe and the CIS through technical assistance and scientific/technical cooperation
(extracts from [11.2 paragraph 85]).

More recently (November 2000) the Commission has issued a Green Paper entitled “Towards
a European Strategy for the Security of Energy Supply” [11.3].  This shows a reduction in the
emphasis placed on nuclear power as a long-term source of electricity within the EU:

1XFOHDU�HQHUJ\�DQG�VROLG�IXHOV�DUH�WKH�XQGHVLUDEOHV�DPRQJ�HQHUJ\�SURGXFWV�DOWKRXJK
WKHLU�FRQWULEXWLRQ�ZLWKLQ�WKH�JOREDO�HQHUJ\�EDODQFH��ZKLFK�LV�UHVWULFWHG�DOPRVW�H[FOXVLYHO\
WR�WKH�JHQHUDWLRQ�RI�HOHFWULFLW\��LV�HQRUPRXV�

For this reason the Green Paper is generally ‘protective’ on nuclear energy.  It also concludes
that the economic driver is a significant factor.

In [11.3] it is noted that 5 out of the 8 EU Member States with nuclear power have now
adopted or announced a moratorium.  The list given, with the date of the decision is:

Sweden 1980
Spain 1984
Netherlands 1994
Germany 1998
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and Belgium 1999.

All these countries are, however, continuing to operate nuclear power plants (although the
Netherlands plans to phase out nuclear power in 2003).

To this list should be added Austria, where it was decided in a referendum to abandon nuclear
power and Italy which closed its nuclear power plants following a referendum in the wake of
the Chernobyl accident in 1986.  In all cases, apart from Spain, the driver for a moratorium
and closure was the public perception of safety (NB. Other factors, e.g. economic also had
some bearing).  The Swedish decision can be seen as a reaction to the accident at TMI-2 in
1979 (with public opinion reinforced by the Chernobyl accident).  It is notable, though, that
the tide of opinion has moved against the nuclear option in the last 10 years.  This was also
reflected in the UK, where the Government in 1994 issued a White Paper which, while not
renouncing nuclear power, insisted that there were no strategic reasons to protect its role in
the energy market in the short or medium term.

The moratoria and slowdown in nuclear construction and associated development have taken
place during a period of relatively low fossil fuel costs, particularly for natural gas, which has
made it difficult for nuclear power plants to compete in the energy market.  Should these
circumstances change significantly, along with possible changes in the political nature of
some governments, and increased concerns over global warming, it is quite possible that the
moratoria will be reconsidered.  Indeed there are already some signs in countries broadly
favourable to nuclear power in the Western world (US, UK, Finland, France) that new nuclear
capacity is being considered, at least as a medium term option.

However some unsolved safety issues and issues of public concern remain, e.g. the disposal
of radioactive waste.  Some countries, e.g. Finland have pioneered the way forward in respect
of repositories.  Harmonisation of approach may be difficult to achieve, as what may be
acceptable practice in one country might not be considered acceptable in another.  For
example, there may be political/morality/public acceptability issues associated with shipping
waste from one country to perhaps another poorer country.

Thus, there are now very different strategies for meeting future energy requirements across
the EU countries and indeed worldwide, as noted in reports from the EC, OECD/NEA and
IAEA [11.3], [11.4], [11.5], [11.6].  Some envisage that a high proportion of their requirement
will be provided by nuclear energy, in others there is a moratorium on operation.  Within the
accession countries for example, public acceptance of nuclear power is positive and nuclear
power represents a large share of domestic electricity production that would be difficult to
substitute due to the lack of indigenous resources.  In some countries electricity is provided by
large nationalised industries, in others the industries are de-regulated.  In general, there are
moves to de-regulate the electricity supply industry in all countries, encouraged by
international free trade agreements.

This is likely to impact the investment decisions of the electricity suppliers, but in the long
term this need not be to the detriment of nuclear power.  However, any commercial company
investing in nuclear plant will want the assurances of a proven design, guaranteed
construction period, and a stable regulatory framework.  The electricity producer will be
reluctant to pay for “unnecessary” safety features that either increase the cost of the plant or
reduce its availability for producing electricity.
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Despite classifying nuclear energy as “an undesirable” in the perception that many people
have about nuclear energy, the Commission’s Green Paper of 2000 [11.3] came to the
following conclusions (the emphasis is copied from the original):

1XFOHDU�FDQQRW�GHYHORS�ZLWKRXW�D�FRQVHQVXV�WKDW�JLYHV�LW�D�ORQJ�SHULRG�RI�VWDELOLW\�
EHDULQJ�LQ�PLQG�WKH�HFRQRPLF�DQG�WHFKQRORJLFDO�FRQVWUDLQWV�RI�WKH�LQGXVWU\���7KLV�ZLOO
RQO\�EH�WKH�FDVH�ZKHQ�WKH�ZDVWH�LVVXH�ILQGV�D�VDWLVIDFWRU\�VROXWLRQ�ZLWK�PD[LPXP
WUDQVSDUHQF\���5HVHDUFK�LQ�WKLV�DUHD�VKRXOG�EH�RULHQWHG�WRZDUGV�ZDVWH�PDQDJHPHQW�

7KH�(XURSHDQ�8QLRQ�PXVW�UHWDLQ�LWV�OHDGLQJ�SRVLWLRQ�LQ�WKH�ILHOG�RI�FLYLO�QXFOHDU
WHFKQRORJ\��LQ�RUGHU�WR�UHWDLQ�WKH�QHFHVVDU\�H[SHUWLVH�DQG�GHYHORS�PRUH�HIILFLHQW
ILVVLRQ�UHDFWRUV�DQG�HQDEOH�IXVLRQ�WR�EHFRPH�D�UHDOLW\�

It is interesting to note that here the emphasis is on the waste issue and “more efficient fission
reactors” rather than “safer reactors”.

���� 6WDWXV�LQ�WKH�&DQGLGDWH�&RXQWULHV

The Green Paper also recognises the role of nuclear power in a number of the candidate
countries, noting that “the problem of the safety of nuclear installations in applicant countries
and the decommissioning of non-upgradable facilities becomes a priority and will be closely
monitored before their accession to the European Union”.

The Council is undertaking the assessment of nuclear safety in the Candidate States (CS) in
the context of the enlargement.  Work is co-ordinated by the AQG (Atomic Questions Group),
who established a the WPNS to evaluate specifically the situation regarding NPP in the CS.
The Commission has been very closely involved in this work and participated in the WPNS.

At present, the Council has finalised the report entitled ‘Nuclear Safety in the Context of the
Enlargement’ according to the time schedule set by the Swedish Presidency.  It addresses both
nuclear power plants and other types of nuclear installations.  It gives a technical opinion
expressed through observations and recommendations concerning nuclear safety and the
related regulatory framework.  Recommendations are made in the light of current good
practices and nuclear safety principles within the EU.

General recommendations included that all Candidate Countries should complete their plant
specific safety programmes according to presented plans.  Further their nuclear safety
programmes should include a number of measures considered as good practice within the EU,
e.g. completion of full SARs, implementation of national safety reassessment practices,
implementation of modern EOPs, feedback of experience, adequate resourcing of the
regulatory body, conclusion of PSAs and the implementation of regulator quality
management.

As well as general recommendations, there are specific ones for each candidate state.  In
addition tables have been produced for each country, as working documents, where issues that
are the basis for the recommendations are justified at a more technical level.  There will be a
follow-up to the report consisting of a “peer review” mechanism to monitor the
implementation of the recommendations in the various Candidate Countries.
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WENRA (Western European Nuclear Regulators’ Association) have also issued a report
[11.7] on the status of the nuclear safety in the candidate countries both from the
organisational and design viewpoints.  They are currently documenting the basis for their
approach.

The WENRA assessment identified some countries where there was a need to strengthen the
regulatory body to allow it to operate in general accordance with Western practices and
methodologies.  While not performing detailed safety evaluations, which they note are the
national responsibility of the various countries, their general finding is, that following
completion of modernisation programmes, the safety level of most plants is expected to be
comparable to that of Western European reactors of the same vintage.  The exceptions to this
statement are the VVER-440/230 units operating at Kozloduy in Bulgaria and Bohunice in
Slovakia, and the RBMK-1500 at Ignalina in Lithuania.  Closure of the Kozloduy VVER-
440/230 units has been agreed by the Bulgarian government, while the WENRA team noted
that improvements to the Bohunice units may allow them to reach a comparable level of
safety to Western European reactors of the same vintage.  The Lithuanian government has set
a firm date for the closure of 1 unit at Ignalina, and agreed in principle to the closure of the
other unit, but the timescale and any compensation are yet to be agreed.

Based then on the WENRA assessment, when the candidate countries enter the EU the plants
that continue to operate will be operating broadly to West European standards, with
comparable regulatory authorities in place in those countries.  However, it must be recognised
that the WENRA assessment is a contribution to the debate, and not the last word on the
status of nuclear safety in the candidate countries.

Another study of the safety of nuclear power plants in Central and Eastern Europe has been
undertaken for the European Commission by a consortium led by ENCONET Consulting of
Austria with the participation of NNC (UK), NRG (Netherlands) and ES-konsult (Sweden)
[11.8].  The primary objective of this project was to develop a common format and general
guidance for the evaluation of the current nuclear safety status in the candidate countries
operating nuclear power plants.  It was noted that such a common basis did not exist
previously.   The consortium’s efforts resulted in the development of a PEG (Performance
Evaluation Guide).  This focuses on nuclear safety issues such as plant design and operation,
the practice of performing safety assessments, and nuclear legislation and regulation, in
particular the role of the national regulatory body.  Preliminary evaluations were performed
using the PEG for the candidate countries.

Examination of the use of the PEG indicates that it provides a structured approach to
documenting the status in the candidate countries.  In some cases this status can then be
compared directly with Western standards (e.g. independence of the regulatory body,
existence of a SAR, provision for PSRs, while in other cases, particularly related to design
issues, direct comparison is less straight-forward.  With local and international support,
deficiencies in organisational matters and documentation can, and are being, remedied.  Plant
upgrades have also addressed specific safety issues (eg instrumentation and control systems,
separation of equipment, and, in some cases, ECCS systems).  In other cases, particularly
related to the containment philosophy, upgrading is less practical.  Indeed it is those reactors
without a containment designed for a large pipe break which are classified as “not able to
reach a safety level comparable to that of Western European reactors of the same vintage”.
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���� (YROXWLRQ�RI�6DIHW\�6WDQGDUGV

This brings us to the definition of safety standards both for existing and future plants, and the
question of harmonisation.

Safety covers a large range of activities; here we concentrate on standards for the design and
the assessment of the design.  The latter are closely connected with IAEA’s activities.  As
noted above, this is also the area that poses the greatest difficulty for common standards as
designs and criteria evolve.

It was recorded earlier in the report that the European Court of Auditors had evaluated the
PHARE and TACIS nuclear safety assistance programmes [11.9] and had observed that at the
end of 1997, owing to the absence of a binding legal basis, there was still no formal consensus
at European level concerning technical standards in the area of design and operational safety
of nuclear installations.  They also observed that there was no methodology to enable an
overall evaluation of the progress of the safety arrangements at each power plant.
Nevertheless the WPNS is performing an evaluation and has already finished a report using a
European approach to nuclear safety.

Both these observations are still true, but some consideration will show that the task to
produce common technical standards and assessment methods for different designs is
exceedingly difficult.

The IAEA has recently updated its document on the requirements for safety in the design of
nuclear power plants [11.10].  This includes the following 7HFKQLFDO�6DIHW\�2EMHFWLYH�

7R�WDNH�DOO�UHDVRQDEO\�SUDFWLFDEOH�PHDVXUHV�WR�SUHYHQW�DFFLGHQWV�LQ�QXFOHDU�LQVWDOODWLRQV
DQG�WR�PLWLJDWH�WKHLU�FRQVHTXHQFHV�VKRXOG�WKH\�RFFXU��WR�HQVXUH�ZLWK�D�KLJK�OHYHO�RI
FRQILGHQFH�WKDW��IRU�DOO�SRVVLEOH�DFFLGHQWV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�GHVLJQ�RI�WKH
LQVWDOODWLRQ��LQFOXGLQJ�WKRVH�RI�YHU\�ORZ�SUREDELOLW\��DQ\�UDGLRORJLFDO�FRQVHTXHQFHV�ZRXOG
EH�PLQRU�DQG�EHORZ�SUHVFULEHG�OLPLWV��DQG�WR�HQVXUH�WKDW�WKH�OLNHOLKRRG�RI�DFFLGHQWV�ZLWK
VHULRXV�UDGLRORJLFDO�FRQVHTXHQFHV�LV�H[WUHPHO\�ORZ�

This statement introduces the concept of the design basis accident which is used in all
regulatory processes.  The IAEA Safety Standard gives some guidance on the identification of
design basis accidents, and provides requirements for the evaluation of the performance of
safety systems and the need to ensure “defence in depth”.  However, the design basis may
vary, even for similar types of reactors.  An example is the size of maximum pipe-break
considered in sizing the ECCS and containment requirements.  Following the US-lead, the
design basis used in Western Europe is a double guillotine break of the largest diameter
primary pipe (or any break that has potentially worse consequences than this).  Early VVERs
were designed on the basis of a smaller break (typically 32 mm).  Many consider the double
guillotine break to be unrealistic, but useful for ensuring large margins in the design (however
TMI-2 demonstrated that design against large pipe breaks, by itself, did not guarantee a safe
plant – but the strong containment provided for the large pipe break was not challenged by the
accident).  On the other hand rupture of the primary vessel is not considered as a design basis
event for any plant.  With the maturity of the light water reactor designs it is now quite
possible to reach agreement on the minimum design basis accidents for future plants –
consistent with maximum requirements for currently operating plants.



$($7�5�36(*�����

$($�7HFKQRORJ\ ���

One way of judging whether the design basis is acceptable is to make use of probabilistic
safety analyses.  Various bodies have attempted to specify targets for probabilistic analyses –
generally in terms of the CDF (Core Damage Frequency – the result of Level 1 PSA), and the
frequency of LERF (Large Early Release Frequency – one of the results of a Level 2 PSA).

Unfortunately while PSA practice has improved (especially Level 1) there is not sufficient
agreement on its use as a quantitative means of comparing the safety of plants of different
designs.  If such agreement existed, PSA methodology could possibly be used to reach a
consensus in the international community on what constitutes a ‘safe’ reactor.  The main use
of a PSA is to identify any weaknesses in a particular plant and to correct them if necessary.
PSA is increasingly used in the design stage of plants to supplement the deterministic
licensing analysis.  While it is possible to promote good practices in a PSA, there are likely to
be major uncertainties due to (i) selection of component failure databases (plant specific –
possible after a period of operation of similar plants, or generic), (ii) the degree of
conservatism assigned to rare events (including vessel failure and large pipe breaks), (iii) the
treatment of human factors, and (iv) credit for redundant systems.

Currently PSAs are a means of confirming the adequacy of the design basis solutions, which
are  based on the defence-in-depth approach, including the use of conservative assumptions in
the engineering analysis (design codes, single failure criterion).  This approach has led, for
Western LWRs, to a capability of the plant to restrict the release of radioactive materials to
the environment for accidents beyond the design basis, including severe accidents.  This was
demonstrated by the TMI-2 accident.

There is now a trend to want to extend the design basis to deal specifically with severe
accidents, but the ways to achieve this have not been agreed.  Much of the current capability
for severe accident mitigation arises from the strength of the containment.  The containment is
GHVLJQHG to restrict the release of fission products in any design basis accident.  In a design
basis accident the ECCS and other safety systems are assumed to operate subject to the single
failure criterion.  Because of the high energy inventory of the coolant in an LWR, its release
into the containment building, unless through a pressure suppression system, has the ability to
generate high pressure (order 4 bar) in the containment building.  Thus, the containment is
designed and shown to be capable of withstanding this pressure.  However, subsequent “best
estimate” analysis of the containment building typically indicates a margin of 2 between this
design pressure and the real failure pressure.  This margin is useful in severe accident
sequences, such as station blackout, where the means to prevent long term pressurisation are
not available.  The claims for a significant margin between the design and failure pressure are
widely made in Level 2 PSA studies and supported by analysis, and in some cases, by
experiments.  However, if (some) severe accidents are to be included in the design basis, there
is a case for the containment WR�EH�GHVLJQHG�for higher loads, possibly with a smaller safety
margin.  This is an area in which standards have yet to emerge, although current documents
imply that ‘best estimate’ analysis should be sufficient for severe accident assessments.

Inclusion of severe accidents in the design basis poses problems in other areas, such as steam
explosion assessments (how conservative should the loading be? – is it possible to show that
the ‘design loading’ is always conservative?).  Currently this is an area where probabilistic
arguments, supported by deterministic analyses, have been accepted.

Current proposals for new reactor systems have focused on ‘evolutionary designs’ –
essentially modifications to existing LWRs, usually with some advanced safety features (more
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passive systems, the use of ex-vessel flooding in smaller reactors such as AP-600, and the
provision of a debris retention device in the EPR design and the VVER-1000 reactors
currently under construction in China).  However, there is no general agreement on what
additional features should be included in future designs, what the design bases should be, and
how the improvements to safety should be quantified.

When one turns to potential new reactor systems, such as gas cooled high temperature
reactors or fast breeder reactors, the interpretation of the IAEA design requirements becomes
even more problematic.  For instance in the development of commercial sodium-cooled fast
breeder reactors in the early 1980s it was argued that large-scale sodium fires would be
outside the design basis.  This approach would be supported by probabilistic methods.  Thus
there would be no requirements for a strong containment building.  On the other hand, some
whole core accidents were considered within the design basis, thus requiring a high integrity
primary circuit.  It is quite likely that new standards will emerge through discussions between
vendors and licensing authorities for such plants, if they are proposed again in the future.

The Commission in 1993 looked to the bilateral agreements associated with the EPR project
and the safety institutes in France and Germany to stimulate a greater impetus for
harmonisation at the Community level.  It was thought that this would also be encouraged by
the development of the Single European Market.  The EPR project, along with the European
utilities’ specifications for new reactor systems, has indeed stimulated harmonisation.
However, the current position in which the EPR could not be licensed, because of government
policy, in one of the countries in which it was designed shows the limitations of this
achievement.

In addition, the national licensing authorities in other European countries in which new
reactors might be built may take divergent attitudes to the EPR and other designs that are
commercially available.

It is concluded that, while design requirements for future reactors appear to be an area where
harmonisation is more easily achievable, this is not necessarily the case in practice.  Indeed
the best practice is probably for vendors to demonstrate to the regulatory bodies how the
generic design requirements derived from IAEA standards are met in the particular design.
This design certification process has been used in the US for the evolutionary LWRs.  The
drawback in Europe is that the potential vendor has to deal with a range of licensing
authorities.  However, in current circumstances this may be a somewhat artificial drawback,
as there are only a few countries likely to contemplate new reactor systems at this time.  Once
a design has been approved by one licensing authority, in Europe or elsewhere, this provides a
basis for negotiation between vendor and licensing body in any other country where the
design is to be deployed.  This process has occurred in the adoption of US-designed plants in
European countries.

There is a desire for consistency in licensing decisions, both from the point of view of
demonstrating the safety of nuclear installations, and removing unnecessary costs from the
vendors.  This consistency could be achieved by having a single licensing authority in Europe.
However, licensing of nuclear facilities is viewed as a role of national governments, and
stated to be such under the terms of the International Safety Convention.  This is likely to
remain the case, unless there are fundamental developments in the structure of the European
Union.  Even in the case of a European government, licensing may be devolved to the
“Federal Level” to take account of different regional perspectives.  Alternatively one could
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envisage a central design accreditation body, devolving the decisions on whether designs
would be implemented in the EU Member States to local planning bodies.  The danger of
such an approach for the nuclear industry would be the veto it might place on developments
by national governments opposed to nuclear power if they had appointees on the accreditation
body.

In the medium term, the best way forward is by increasing interactions and openness between
the regulatory bodies of countries planning further nuclear power reactors.  The international
situation has evolved considerably, with the enhanced role of the IAEA in supporting
regulatory bodies and others in the nuclear industry, through both their safety documentation
and provision of Expert Reviews.  It may be argued that the European Commission has
provided similar services to Central and East European countries and countries of the former
Soviet Union through the PHARE and TACIS programmes.  This approach may be developed
within the European Union, involving experts from other nuclear safety authorities in
providing peer review services.  It is anticipated that such an approach would lead to practical
harmonisation.

It has been implied above that the safety approach for existing LWRs is common in EU
Member States, being consistent with IAEA standards.  This is true for the basic design and
assessment methods.  However, the situation has evolved, even for existing designs, leading
to divergences in practice.  One area, mentioned above, is the use of PSA in the licensing
process.  Other examples include:

(i) The different regulatory requirements (or agreements with plant operators) to make
provision for severe accidents (eg debris cooling requirements in Finland and Sweden,
hydrogen mitigation systems in Germany and other countries).

(ii) Development of ‘best estimate’ methodologies for the analysis of design basis
accidents in licensing, which have been adopted to different extents in different
countries [11.11].

(iii) Implementation of risk-based inspection.

In addition, many differences in detail continue to exist between the approaches of different
regulators as discussed in the reports reviewed in Section 3.

���� (FRQRPLF�'ULYHUV�LQ�WKH�(QHUJ\�0DUNHW

The policy of the European Union is to establish a single market for energy.  The Commission
has gone about creating the single market in stages.  In 1996 a directives was issued to ensure
the free movement of electricity within the Community.  Liberalisation of the electricity
market, which was opened up to major consumers in 1999 and 2000 respectively, has enjoyed
some success, though the degree of liberalisation varies greatly from one EU Member State to
another.  In March 2000 the Council called for the energy markets to be opened up more
quickly, and the Commission has adopted a set of measures to open the gas and electricity
markets up fully by 2005, see ‘Europa : Union Policies for the International Market, Energy
Fact Sheet, 2000’ [11.12].

The effects of deregulation of the electric supply industry have been apparent in the UK.  It
has removed any protection that nuclear power possessed as part of a national energy policy;



$($7�5�36(*�����

$($�7HFKQRORJ\ ���

it has stimulated new suppliers to enter the market; competitive pressures have led to
efficiency savings, including reduction in research funding by the utilities; and it has led to
changes of ownership, including the involvement of non-UK (or EU) companies.  The
appearance of multi-national trans-sector companies is a feature of the deregulation of
utilities.

The NEA of the OECD has reviewed the impact of competitive electric markets on nuclear
power [11.13] – this notes the requirements for stability discussed below and the impact the
regulatory framework can have on costs.

The nuclear sector differs from other sources of electricity in the existences of a strong
regulatory framework.  It is important that for utilities choosing to operate in this sector that
the burden of regulation is not oppressive.  This implies stability of the regulatory framework;
this is more important than having common regulations in all EU Member States (which are
still subject to different local interpretations).  However, political changes may mean that
there is a GH�IDFWR change in the regulatory regime.  Consideration should be given to
providing compensation to utilities should the regulatory framework be changed by national
policy.  The regulators must though retain the power to revoke a licence in the case of urgent
safety concerns coming to light in the design of the plant, its current status, or operational
safety problems.  It is regarded as unlikely that any regulator in the Enlarged EU would
suspend the licence of a plant because of concerns over the design – the design basis of all
currently operating plants has been examined thoroughly (including those where there is
concern over the plant response to a severe accident).

In a competitive energy market there are likely to be strong pressures from the utilities to
extend the life of their plants, with the minimum of upgrades, unless related to improved plant
performance.  The onus will be on the regulators to ensure that safety is not compromised as a
result of relying on ageing components.

Given the competitive energy market there will be pressure to reduce costs, both of any
regulatory requirements and the regulatory process, itself.  This may affect the level of
support available nationally for the regulators from TSOs, unless they receive external
funding.  To ensure that regulators concentrate on safety issues it is anticipated that there will
be moves to more “risk-informed” decision making.  This may lead to the relaxation of
regulations and procedures in some areas which are found not to be safety critical.  A
dialogue along these lines is taking place between utilities and the USNRC in the US.

Special problems may arise in countries with only a few nuclear plants, where the costs of the
regulatory infrastructure may be over-burdensome on the plant.  Current agreements require a
national regulatory body, but as currently happens in some countries already, inspection and
licence review may be delegated to other organisations.  It would clearly be advantage if it
were possible to delegate this across national boundaries.  This would be a driver for a more
harmonised system of regulation.

���� (QYLURQPHQWDO�'ULYHUV�LQ�WKH�(QHUJ\�0DUNHW

The single energy market appears at odds with other Community activities designed to
promote growth in the use of renewable energy sources for diversification and environmental
reasons. The prime objective set in 1997 was to double the proportion of renewable energy
sources in the EU's gross domestic energy consumption to 12% by 2010 [11.14].
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The Community supports the Kyoto Protocol [11.15] on the emission of greenhouse gases.  It
is widely accepted that an increased use of renewable energy sources is part of the solution,
although in many cases there is likely to be an economic penalty.  In the short term,
greenhouse gas emission can also be reduced by the substitution of coal by natural gas.  The
role of nuclear power, which offers a near zero-carbon means of producing electricity, tends
not to be emphasised, because of different views on its environmental credentials.  On the
debit side are issues related to nuclear safety in operating plant, transport and storage, besides
concerns over proliferation and misuse of nuclear materials.  It is clear that, if these issues
could be addressed to the satisfaction of the European citizen, then nuclear power could play a
more prominent role in achieving the goals set in the Kyoto Protocol.  Here, a widely
respected and consistent regulatory framework, applied through Europe, along with practical
plans to handle radioactive waste would be of benefit.

Manipulation of the energy market can be achieved by a variable tax regime (carbon tax) or
investment subsidies.  The Commission has made proposals in this area, both for a carbon tax
and an overall tax system for energy products; however, these have not progressed because of
lack of political agreement.  If nuclear power can re-establish its environmental credentials,
then there is a case that it should be taxed preferentially to carbon-based fuels.

Further discussion of the role nuclear power might play in meeting environmental challenges
are contained in OECD Nuclear Energy Agency reports on Nuclear Power and Climate
Change [11.16] and Nuclear Energy in a Sustainable Development Perspective [11.17].

���� 7HFKQLFDO�+DUPRQLVDWLRQ�DQG�6LQJOH�0DUNHW

The impact of the single market on electrical supply and regulation was discussed in
Chapter 11.5.  In general, the removal of technical barriers to trade is a precondition for the
completion of the internal market.  Technical harmonisation and standardisation is regarded
as an essential instrument for the achievement of this objective [11.18].  Initially,
harmonisation of European industrial standards in 16 areas was covered by European
technical legislation.  This approach was subsequently complemented by a coherent policy on
certification and tests, setting out clear, consistent and transparent principles which apply to
the product certification procedures to be used at Community level.  The objective is to help
establish a European policy on quality in cooperation with national and international
standardisation bodies to enable businesses to manufacture and sell their products throughout
the Community with the aid of a system for the mutual recognition of trade marks and
manufacturing processes.

Up to 1985, the texts adopted on technical harmonisation were based on a case-by-case
approach and contained very detailed specifications with type-approval procedures which
were difficult to implement. It was, then, the responsibility of EU Member States to issue
certificates of conformity on the basis of the procedures in question.  The results obtained
were unsatisfactory, since the mutual recognition of the certificates depended on the
confidence that the various national authorities were able to show in each other.

In the new approach, the two fundamental elements of which are (i) the essential requirements
and (ii) the procedures for assessing conformity, has led to these difficulties being overcome:
Community legislation is now restricted to establishing the essential requirements that
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products must meet. These requirements fix thresholds or levels of protection for the whole of
the Community in the area of health and safety.

These standards are voluntary; manufacturers therefore remain free to offer, on the
Community market, products meeting other standards or not meeting any, provided that they
satisfy the procedures for assessing conformity laid down by the Directive in question.
Products manufactured in accordance with the standards, for their part, are presumed to
conform to the essential requirements.

Products meeting the essential requirements laid down by the Directive(s) in question may be
recognized by the EC marking that they bear.  The marking thus indicates indirectly that the
manufacturer has undergone all the assessment procedures laid down for his product and in
return simplifies his obligations with regard to marking. It makes it easier to carry out controls
and above all allows the product to move freely, and be put up for sale and put into service on
the Community market.

In a 1998 report on standardisation the Commission emphasises that the voluntary and
independent nature of standards drafting can only be justified if the system is truly open and
transparent and if the standard is supported by all major interested parties and applied in a
uniform way throughout the Community.

On this project we have not evaluated the use of standards in the nuclear industry, but it is
clearly more difficult to achieve widely recognised standards if there is no formal agreement
on requirements from the regulatory point of view.
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���� ,QWURGXFWLRQ

The recommendations in this Section are based on the review of the achievements to-date
(Chapters 1 to 7), particularly on an assessment of the progress towards harmonisation made
over a peiod of 25 years, the review of existing regulatory practices (Chapters 8 to 10), and
the background material in Chapter 11.

The recommendations are intended to cover the next 10 year period.  This is one in which
there is likely to be relatively little nuclear construction in Europe, although a number of
countries may be planning to replace existing plant at the end of this period.

To provide a basis for the recommendations, the definition of “harmonisation” is considered
in Section 12.2 and the benefits of further harmonisation discussed in Section 12.3.  The role
of the European Union and the European Commission in reactor safety is discussed in Section
12.4.  Top level recommendations are made in Section 12.5.  Specific recommendations are
made in Section 12.6.

���� 'HILQLWLRQ�RI�+DUPRQLVDWLRQ

Before producing recommendations for new activities on “Harmonisation of Nuclear Safety
Requirements and Criteria”, it is worth reviewing the definition of “harmonisation”.

This word has been carefully defined in the EC-context to mean a process whereby
recommendations may be made in the future based on comparisons of existing practices.
However it could also include a process of new common practices that were not based on
existing practices.
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As has been stated elsewhere in this report, harmonisation on top-level safety objectives has
already been achieved within the EU, and, through the IAEA activities, in principle
throughout the world.

Practical harmonisation of criteria, though, has a different meaning as far as practical
regulation of plants is concerned and the approval of new plants.  The vendors, in particular,
would like to be assured that designs and procedures approved by a regulatory body in one
EU Member State of the Enlarged EU would be approved in another, subject to any over-
riding political views of the Government of the EU Member State on nuclear power.  A fully
“harmonised” regulatory system would guarantee this position.  This “fully harmonised”
system could be achieved in two ways:

1. A common set of requirements – ie an integrated or “unitary” regulatory system
2. Demonstration that requirements of the different regulatory bodies are consistent, ie

“harmonised”.

Many aspects of nuclear safety could be covered by a “harmonised” approach, in particular
design code requirements for structures, inspection procedures – even software standards.
However, other aspects, which are important to plant acceptability, could probably be only
fully harmonised in a unitary system – eg reliance on probabilistic arguments.

There are clear benefits for national regulatory bodies to continue to communicate and
compare their practices, and also to take account of advances in knowledge (eg in areas as
diverse as design basis thermal-hydraulics, ageing processes and software verification).  This
can be achieved through bilateral links, through their own groups such as WENRA, co-
ordination at the EU level by the EC, or at the broader international level (CNRA and IAEA).
It is likely that such interactions will prevent large divergences of opinion and regulation, but
it is a historical fact that different regulatory bodies move at different speeds in adopting new
requirements or approaches.  This process is not, in itself, in this Section considered to be
harmonisation.

Here, harmonisation is defined from the practical point of view discussed above – the move to
common, or demonstrably equivalent, requirements and criteria, such that a vendor or utility
is assured that what is required and accepted in one EU Member State is applicable in all
states operating nuclear power plant.  In this context “harmonisation” may apply to specific
aspects of the regulatory processes, or to the whole process itself; this should be clear from
the context.

���� %HQHILWV�RI�)XUWKHU�+DUPRQLVDWLRQ

&XUUHQW�5HDFWRUV

For harmonisation to be possible and to happen it must be beneficial.  The relevant benefits of
harmonisation may be different for regulators than utilities/vendors and these must be
recognised.  For utilities and vendors there must also be an economic driver.  A consequence
of increased safety would be of interest and an important benefit to both parties.  However it
is possible that harmonisation could be perceived as a disadvantage.  For example regulators
would not want to compromise their ability to regulate within their own countries, as a
consequence of EU harmonisation.  Utilities and vendors would not give their support if a
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blanket EU harmonisation resulted in a higher level of licensing requirement than they
currently need to demonstrate within their countries of operation, or a process that was slower
and more bureaucratic.  In practice, the extent that harmonisation will be possible will depend
on how regulators enforce regulations, how regulators negotiate with industry and the need to
be compliant with US practices, since many plants in operation within the EU are of US
design.

Different levels of consensus have been achieved in different areas.  Some particular
examples are as follows.  There is consensus from regulators on the requirements for Non
Destructive Testing (NDT) and to some extent on the merits of risk based in-service
inspection.  The environmental qualification of equipment is an area of near common practice,
although specifications vary.  Periodic safety reviews promote exchange of information from
similar plant operation.  The EC have identified the area of Safety Critical Software as a
technical issue where there is potential for harmonisation.  There is no harmonisation on the
regulatory requirements for PSA although there is reasonable harmonisation in practice.
There has been an attempt to define common fuel pin failure criteria.  However there is a
growing realisation that the criteria are not correct, thus harmonisation does not necessarily
imply correctness.  Source term release limits are harmonised, but calculational approaches
are not.  Large Break LOCA criteria have also been harmonised, including containment
leakage limits.  In general there is a greater consensus on DBA limits that for example SAs,
although the principles behind sympton based EOPs and SAM are commonly accepted.
Future strategies must recognise that it will not be possible to obtain a common level of
harmonisation in all areas.

Different levels of principles and practices are considered by EU regulators and industry.
IAEA general principles are widely adopted at the top level, detailed industrial codes are
convergent at the engineering design.  Different levels of harmonisation exist at different
levels, these have been referred to above.

The important quest in searching for common criteria is not only to identify differences but
also to search for reasons for these differences.  The need to explain differences in the
outcomes from several different practices may act as a driver to obtain better understanding.
For example, attempting to understand differences in two computer code simulations of
accident scenarios can lead to a better understanding of phenomenology.  Thus it will not be
appropriate to seek harmonisation in all areas.

It is less easy to harmonise with the Enlargement (Candidate) countries, as many of their
reactors were built to different standards; the focus should be to search for equivalent safety.
In addition there are technical issues specific to the Candidate countries, e.g., Ignalina
containment (no RBMK reactors in operation within the EU) and bubbler condenser
performance (no VVER-440/213 plants in operation within the EU).  However, the important
area of operational safety is one where a good deal of harmonisation is possible, as is the case
for many plant upgrades (eg software standards for instrumentation and control systems).

Harmonisation of practices within the Candidate countries with those in the present EU
countries is happening, even if criteria are not yet developed.  Much is made on the benefits
of PSAs for VVER plants.  Although levels of achievement of safety have not been pursued
in the European programme, the position of VVERs (with the exception of VVER-440/230
reactors scheduled for closure) in the Candidate countries is broadly comparable with Western
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plants of similar vintage,  Regarding DBA in Eastern plants a consensus on licensing
requirements would be beneficial.  This is also true for how safety should be evaluated.

There has to be a long-term solution for waste disposal for nuclear energy to have a future.  A
decision is needed soon and there may be benefits in a harmonised approach.

A more harmonised approach on nuclear safety issues would enable more consistent and
therefore improved communication with the public.

Commercial issues are likely to play an increasing factor in the continued operation of current
plant and the building of new plant.  There will be a strong driver for harmonisation if it could
lead to more efficient operation and increased safety.

)XWXUH�5HDFWRUV

If harmonisation is to be achieved this is more likely to be for future plants (there is no
practical benefit to re-licensing existing plants to a common framework – even if this were a
political possibility).  Future plants in an enlarged EU may be of a number of designs.  It is
commonly expected that the next plant to be ordered will be an evolutionary light water
reactor.  Although EPR, by its name, and the strong national support, particularly in France,
dominates discussions in Europe, it is one of a number of candidate designs.  The utilities
should have a choice of reactor vendor and reactor type.  The EPR, as a project, has been
highly successful as far as harmonisation is concerned with the generation of a common
licensing position between the French and German authorities and the adoption of common
engineering standards for the design team.

It is widely accepted that any future reactor to be licensed in Europe will not only satisfy the
safety principles enunciated by the IAEA, but will also satisfy the European Utilities
Requirements documents (these, however, are not necessarily fixed).  Together, these give a
standard to be reached in the plant design.  Difficulties are likely to arise when vendors
propose radically different engineering solutions (e.g. deep water quenching compared with a
spreading-type core catcher) or very different designs, such as the pebble bed reactor that is
proposed (does it need a strong containment?).  Currently such issues would be resolved
between the utilities and the national regulatory body.  It can seen, based on experience, that
one regulatory body may be more cautious, or balance the benefits and disadvantages of a
design solution differently.  This may be important when national regulations require the risk
“to be as low as reasonably practicable”.  However the French-German experience is that
regulatory bodies can develop common standards when there is the political will to do so.

There are clear benefits for the vendors in harmonisation of design requirements, leading to
the possibility of design certification.  This is also of benefit to the utilities, through the
reduced costs of the licensing process.  With the deregulation of the electricity market,
electrical generators may operate in more than one country, so there would be economic
benefits to them of a harmonised regulatory approach.

���� 5ROH�RI�WKH�(XURSHDQ�8QLRQ�DQG�(XURSHDQ�&RPPLVVLRQ

The EURATOM Treaty is the fundamental instrument supporting activities by the institutions
of the European Union in the field of nuclear power.  The task of EURATOM (Article 1) is:
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7R�FRQWULEXWH�WR�WKH�UDLVLQJ�RI�WKH�VWDQGDUG�RI�OLYLQJ�LQ�WKH�(8�0HPEHU�6WDWHV�DQG�WR�WKH
GHYHORSPHQW�RI�UHODWLRQV�ZLWK�WKH�RWKHU�FRXQWULHV�E\�FUHDWLQJ�WKH�FRQGLWLRQV�QHFHVVDU\
IRU�WKH�VSHHG\�HVWDEOLVKPHQW�DQG�JURZWK�RI�QXFOHDU�LQGXVWULHV�

To achieve this the Treaty provides for the promotion of research, safety standards for
workers, the supply and protection of nuclear materials, and the requirement to establish with
other countries and international organisations such relations as will foster progress in the
peaceful uses of nuclear energy.

The EU Member States of the European Union may delegate sovereignty to institutions of the
Union which represent the interests of the Union as a whole, its member countries and its
citizens.  Of these institutions, the Commission traditionally upholds the interests of the
Union.
However, the Council of Ministers, representing the EU Member States is the main decision-
making and legislative body (in conjunction with the European parliament).  The Commission
is able to initiate legislation and place proposals before the Parliament and Council.

It is accepted that the EURATOM Treaty does not place a requirement on EU Member States
to move to a common (or harmonised) approach to the regulation of nuclear power plants, so
it may be concluded that the EU Member States have not delegated sovereignty in this area to
the Commission.  Given the widely different perspectives on nuclear power in the EU
Member States (some of which are at odds with Article 1 of the EURATOM Treaty), it is
unlikely that the EU Member States will volunteer to delegate sovereignty for nuclear safety.
With the current status of the European Union, delegation of sovereignty in this area may also
be contrary to undertakings given by the national governments to the IAEA.

It is recognised that accidents at nuclear power plant may have trans-national consequences,
both in terms of actual damage to health and environment, and to the future viability of the
nuclear power option.  It is therefore appropriate that the Union ensures that nuclear power
plants operating on the territories of the EU Member States, and as far as possible in
neighbouring states are designed and operated to high safety standards.  It is accepted that the
Union has a major role in establishing that such conditions are met by candidate countries that
operate nuclear power plants.

The European Commission also has the role of developing conditions favourable to European
industry, particularly through enactment of the single market.  A requirement of the single
market is the progressive harmonisation of standards and regulations.

In general, the European Commission may act as an agent for change, taking the lead in
pursuing harmonisation at the European level, or it may act as a facilitator, bringing
organisations together to work for their common interest.  Without a clear political direction
otherwise, the role of facilitator is less likely to cause adverse pressures, and so may be more
productive in achieving consensus (or an agreement to disagree).  It is noted that the Council
of the EU with the participation of the Commission has produced a report on nuclear safety in
the context of the enlargement on the basis of a common European perspective in nuclear
safety.

���� 7RS�/HYHO�5HFRPPHQGDWLRQV

1. Nuclear regulation should remain a national responsibility for the foreseeable future.
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2. The Nuclear Regulators and utilities in the EU Member States adhere to common
principles for the licensing and regulation of nuclear power plants, which ensure that there
is a high level of safety.

3. Given that there have been significant changes in the structure of the European nuclear
industry, and that the Enlargement process is expected to lead to other states with nuclear
power plant joining the European Union, it is timely to consider an updated resolution by
the Council to underpin the future activities at EU level.

4. It is recommended that any new resolution:

- Emphasises the need to integrate and support the regulatory bodies in the Enlargement
countries.

- Emphasises the need for continued dialogue and support to ensure that existing plants in
other countries, particularly those of the former Soviet Union, attain a high level of
safety consistent with their national safety objectives and obligations to the IAEA.

- Welcomes efforts by utilities operating in the EU to define their requirements for the
design of nuclear power plants, including the safety objectives.

- Encourages national regulatory bodies to work together to provide design review of
proposed new reactor designs, prior to formal licensing.

- Encourages the adoption of common engineering design codes for nuclear power plant.

- Recognises the role of the Commission as a facilitator in bringing all actors in the
nuclear power field operating in the enlarged European Union to a common forum, to
encourage the development of common approaches to remaining issues in nuclear
safety (e.g. the setting and demonstration of probabilistic safety goals, the licensing of
safety critical software).

- Looks for a strengthening of the links between the research programme and application
of the results in ensuring and enhancing the safety of nuclear power plants, including
developing a common basis for regulation.

- Charges the Commission to ensure dialogue between states with and without nuclear
power programmes to ensure that citizens’ concerns are fully understood and
addressed, in order to develop a future energy policy with an agreed role for nuclear
power.

- Recognises the importance of the waste issue and charges the Commission to co-
ordinate activities by EU Member States to demonstrate technical solutions that are
publicly acceptable.

- Encourages enhanced co-operation by the Commission and EU Member States with the
international organisations (IAEA and NEA) to ensure a high level of nuclear safety
world-wide and avoid unnecessary duplication of effort.
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- Supports pre-commercial research and development on alternative reactor systems that
may have safety and economic advantages over current reactor systems.5

5. In the absence of a new Council Resolution, it is recommended that the current structures
are maintained, with the emphasis being that the Commission acts as a facilitator for EU
Member States but with a continued active role addressing enlargement issues and the
safety of reactors in the former Soviet Union.  Further specific proposals are made below,
which could be undertaken either in the context of a new resolution, or as a continuation
of the existing programmes.

���� 6SHFLILF�5HFRPPHQGDWLRQV

The layout of this section broadly follows the list of items in paragraph 4 of the previous
section.

������ (QODUJHPHQW

A major achievement of the Commission’s activities on nuclear safety has been the support
given to the Enlargement countries, so that their reactors and regulatory systems meet the
requirements for EU entry.  However, it is recognised that some of the regulatory bodies
would benefit from further strengthening.  Over the next period, when Enlargement should
take place, there is a need to further support and integrate these regulatory bodies in the
European framework.

A strong and relevant Commission-sponsored programme, driven by regulator interests, is
seen as a major means of providing this support and ensuring that all regulatory bodies benefit
from shared experiences.

It is likely that the continued operation of Russian-designed reactors will be a source for
political debate within the enlarged EU.  It is desirable that there are agreed yardsticks for
comparing the levels of safety in design and operation achieved in plants throughout the EU.
The Commission should note any IAEA activities in this area, with the view to further
developing evaluation methodologies that have been used in the Enlargement negotiations.

������� 6DIHW\�RI�5HDFWRUV�LQ�WKH�)RUPHU�6RYLHW�8QLRQ

The European Union has supported improvements in the regulatory processes for reactors in
the former Soviet Union.  While it is agreed that older-type Russian reactors (RBMK and
VVER-440/230) will be phased out in the Enlarged EU, this is not the case in some countries
of the former Soviet Union.  These reactors will continue to cause concern to EU citizens.
The Commission should therefore continue to support developments in the regulatory process
in these countries, both by aid projects and by direct involvement with the regulators on a
collaborative basis.  The EC may be able to further assist through its support for international
benchmarks to assess design and operational safety (see previous sub-section).

                                                
5 This recommendation falls more under the activities of the EURATOM Treaty to promote
nuclear development than the context of the earlier Council Resolutions.
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�������+DUPRQLVDWLRQ�RI�8WLOLW\�5HTXLUHPHQWV

The European Utilities have proposed design requirements for future LWRs.  These have
been discussed with a number of regulatory bodies.  The Commission should support this
process.  In particular it should consult with the industry on their requirements for further
adoption of common standards (e.g. in the areas of environmental qualification and
inspection).  It is difficult to see new investment in Nuclear Power within Europe, in the short
term without further increases in oil price or the introduction of a carbon tax.  However
harmonisation strategies will almost certainly need to be different for present generation
compared with future plants (if new orders are placed).

In addition, the Commission should work with Vendors and utilities to develop a set of
harmonized beyond design basis requirements, which could be negotiated with a number of
regulatory authorities individually and in concert.  In this context, the CNRA, NRWG and
WENRA could be approached.  This strategy is based on the concept that empowerment
breeds responsibility and with the long safety tradition of these authorities, the process would
converge into a set of harmonized regulations for Europe.  It is expected that this strategy
would attract the interest of major European vendors (e.g. Framatome and BNFL) and utilities
(e.g. EdF).

The development of a common set of design standards is a recommendation for
harmonisation in future LWRs.  This would promote ease of regulation and encourage a more
global market for vendors.  Industry should be the driving force.  (NB. This recommendation
is common for future reactors for operational safety.)

Regulatory certification of advanced designs, e.g. as in AP600, is clearly beneficial from a
both a regulator, vendor and utility perspective.  Such a ‘harmonised’ approach between
regulator, vendor and utility should lead to much reduced costs in licensing and to more
global market opportunities for vendors.  The EC should support certification initiatives of
new European plants, e.g. EPRs, by encouraging regulators to respond as a group to any
design certification requests.

The US situation is likely to have a strong impact on the rest of the world and certainly
Europe.  US companies are considering the building of new plants.  A US licence is perceived
as an advantage and indeed a requirement by many regulators where a proposed plant is of US
origin.  US initiatives should be closely followed.

It is recommended that the EC should provide support to improve the degree of harmonisation
where there is perceived benefit.  For example European industry would regard harmonisation
of detailed codes as very important.

Although the Vendors have a major interest in new plant designs, most Utilities will be
mainly concerned with deregulation and its impact.  Owners will wish to extend the life of
their plants to improve margins.  From the industry side, price is the overriding issue.
Harmonisation initiatives must promote and be consistent with these industrial requirements if
it is to succeed.

It is recommended that legislative practices governing the international operation of other
industries should be considered in order to evaluate whether there are any lessons to be
learned in relation to the nuclear sector.  There are synergies with other industries but there
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are also differences.  Some industries (e.g. the aeronautical industry) have common legislation
which applies in the whole of the US and Europe.  The responsibility for safety is primarily in
the country that builds the aircraft.  The nuclear industry is different in that it is governed by
local national regulatory organisations.

������� 6XSSRUW�IRU�5HJXODWRU\�%RGLHV

The Commission should be viewed as a facilitator for Regulatory bodies, and thus, in the
drive for harmonisation it should be guided by the industry’s requirements (see above) and the
views of the Regulators themselves.  In particular, the regulatory bodies should identify areas
in which they consider further harmonisation, or discussions in the EC context, to be fruitful.
It is anticipated, in line with the discussion above, that the handling of issues related to
ageing, including plant upgrades (e.g. of software systems) will be of continued interest.  The
use of risk-informed methods, including the practice and application of PSA are likely to be
relevant.
Other areas suitable for co-ordinated activities include the importance of human factors and
organisational factors.

A key requirement for future reactors is to address the containment, e.g. all the research on
cooling debris is essentially to generate a new design basis for the containment.  There is a
consensus on the need for a more effective containment.  A harmonised approach for
containment as a further defence in depth against severe accidents should be sought.

A major difference between the EC environment and that of other regulator groupings, is the
existence of an extensive funded research programme.  Links between the research
programme and regulatory interests have improved, but these could be enhanced further (see
below).

There is concern amongst regulatory bodies, reflected in a recent report of the OECD/NEA
[12.1], that maintaining competencies in the nuclear industry will be one of the most critical
challenges to effective regulation of nuclear power in the coming decades.  This is an area in
which the Commission can stimulate activity to the benefit of the regulators and thus to
ensuring continued levels of safety.

One problem is that nuclear engineering has today a negative reputation that must be
overcome to attract new people into the industry.  Many experienced nuclear engineers will
retire during the next few years.  Good engineers are needed to replace them.  They need
specific education in e.g. reactor physics, thermal-hydraulics, materials etc.  This is the task of
the universities.  Eurocourses have been proposed, e.g. leading even to a European Master of
Science.  The development of such initiatives should be encouraged.

������ &RQQHFWLRQV�ZLWK�5HVHDUFK�$FWLYLWLHV

The EC is committed to funding research on both the operational safety of existing reactors
and on new reactor concepts.  This is supported.  Although management of the research
programme is the responsibility of DG-Research, the end-users are represented in the
activities sponsored by DG-TREN.  This relationship should be put on a more formal basis,
with more flexibility in the work programme to respond to safety issues of the industry and
regulators.
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The development of a European Safety Research Index is recommended.��This would provide
a justification for assigning appropriate budgets for addressing (and closing out) the key
safety issues associated with EU NPP operation.  The results of research programmes should
be presented in a form suitable for regulatory application, including supporting material.
DG-TREN should ensure that end-users’ requirements are met and that the results are widely
available.  In general, the results of safety research should be made widely available, and so
contracts should restrict retention of intellectual property rights by contractors.

There is a need for greater regulatory input into research programmes to ensure that important
safety issues are addressed and satisfactorily resolved.

Research may be carried out at separate levels, basic or developmental.  The relevance of
research in meeting the requirements of Council Resolutions should be considered.  At regular
periods the impact of research activities on requirements and criteria should be evaluated.

Research findings should be widely disseminated and as quickly as possible.  FISA meetings
are useful in this respect, but more end-user focus is also required.

From a general point of view the priorities are to gain public acceptance, minimise the risk of
severe accidents, solve the waste management problem and support development of future
technologies.  Further research should be carried out as required and this should be carried out
in harmonised work programmes to reduce costs and to maximise utilisation of knowledge.

Reactor safety is included in the EC 6FP Euratom programme that is currently proposed.  The
recognition of this topic in the proposed programme is supported.

One objective for EC research programmes should be to continue to pursue research to
develop greater understanding of the beyond design basis phenomenology and reduction of
the uncertainty in consequences.  It is not possible, presently to follow the procedure of
conservative prescriptive requirements as employed for design basis analysis, because it could
be too onerous and it is difficult to follow the procedure of best estimate plus uncertainties,
since uncertainties are too large.

The outcomes from the Research Projects must be evaluated to determine their benefit.  This
includes priorities for further research. The EC should ensure that consensus documents
produced by research projects are made known to the regulators.

������ 3XEOLF�$FFHSWDELOLW\

Public acceptability is currently, along with short to medium term economic factors, limiting
the contribution of nuclear power to meeting the energy needs of Europe.  It is important that
the nuclear industry and the regulatory bodies understand the concerns of the public, and
develop an agreed response.  This activity should be co-ordinated by Commission staff, who
are already dealing with the major players.   Research into public attitudes may assist in this
activity.

It is reasonable for the Commission to continue to pursue the goal of harmonisation as a
response to public concerns.
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������ &R�RSHUDWLRQ�ZLWK�RWKHU�2UJDQLVDWLRQV

A number of international organisations exist, each with its own Terms of Reference, but in
many cases with overlapping objectives and concerned, at least in part, with some issues of
harmonisation.  Some groups have focussed on the regulators’ point of view, others on the
industrial point of view.  There have been emerging associations of regulators, e.g. INRA,
WENRA.  The WANO association acts for industry and has already contributed to some
facets of harmonisation, e.g. in the setting of common safety criteria.  The EC should promote
co-operation between regulator and industrial organisations with a view to harmonising
regulations�

There is some interaction between the EC higher level groups and with OECD/NEA and
CSNI.  However there is less interaction at the working group level.  There is little
communication with CNRA, although reports are circulated.  The EC could host specific
studies itself and support specific studies for NEA, as has been done already (e.g. PISC).
Closer more active interaction at the working level with CSNI and CNRA is recommended.

There must be co-operation between the international groups NEA, IAEA, WENRA etc. in
what is expected from future power reactors.  There must also be co-operation with the
research organisations including the universities.  One issue concerns the level of detail that is
required for harmonisation.  Another issue is that the roles of the different organisations,
NEA, IAEA and WENRA must be well defined.

ISO standards has proved to be an internationally accepted vehicle for the harmonisation of
quality assurance.  Although there is generally good agreement on the requirements, further
harmonisation on implementations is recommended.

������ (&�3UDFWLFHV

It is probably true that the EC activities in response to the Council Resolutions on Nuclear
Safety are less widely known than IAEA or NEA activities.  A criticism of EC documentation
is that there is no hierarchy of document.  This impacts the effective dissemination of material
and contrasts the approaches adopted by other international organisations.  The IAEA has the
NUSS structure for example.  A hierarchical document reference system is recommended.

The EC should define better its international role in promoting common safety practices.  For
example, although there is European legislation covering the area of radiation protection or
the area of environmental assessment, the EC does not have legal status in respect of
licensing.  This does not help to promote harmonisation.  While implementation of a single
market is an overall policy priority, it is our judgement that the EC should act as a facilitator,
rather than a driver, who may be construed as having thoughts on setting up a centralised
nuclear regulatory regime.

The EC is a political organisation.  Medium or long term plans are affected by changes.  The
question is asked how the effects of change can be managed in relation to nuclear energy
development timescales, which are inevitably long.  If there is not a stable framework at the
level of the law this can introduce problems and outcomes can depend on political decisions.
There is a recommendation that the EC should consider whether a more stable framework
could be set up in EU law to protect nuclear development.
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Debates have taken place within the EC to attempt to evaluate the usefulness of the EC
working groups, in addition regulators had been contacted.  A recent topic was quality
management which was discussed within the CONCERT group.  These EC evaluations are
strongly supported�

There are a number of possible working methods for the EC, through creation of task forces,
or through a tendering process���It is recommended that the relative merits of these two
approaches (task forces and tendering) should be evaluated.

The terms and conditions for potential tenderers should be re-considered.  Commercial
companies may be precluded from bidding for programmes of work that are only part funded,
by the EC, in contrast to large publicly owned bodies supported by national governments.

Harmonisation of approach may be easier to achieve in resolving new safety issues.  A Task
Force could be set up to propose the necessary R & D, route to resolution etc.  The EC could
keep abreast of such issues through promoting appropriate ‘Centres of Excellence’.

With regard to implementation a recommendation for ‘Pilot Studies’ (similar to US studies) is
made.��Possible areas could include ENIQ (Inspection Qualification), AMES (Ageing) and the
ETC-M code.

The EC should establish networks among competent organisations for certain activities.
Networks should be open and encourage new joiners of suitable standing.  As a prerequisite
of receiving support from the EC the networks should report progress in harmonisation in
their areas of expertise on an annual basis to the Commission.

5HIHUHQFH�IRU�&KDSWHU���

[12.1] OECD Nuclear Energy Agency, Assuring Future Nuclear Safety Competencies –
Specific Actions (2001).
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�� +DV�\RXU�RUJDQLVDWLRQ�DFWLYHO\�VXSSRUWHG�WKH�(&¶V�JRDOV�RI�JUHDWHU
KDUPRQLVDWLRQ��RU�GHPRQVWUDWLRQ�RI�HTXLYDOHQFH��RI�QXFOHDU�UHDFWRU�VDIHW\
JRDOV�DQG�UHTXLUHPHQWV�>LQ�ZKDW�ZD\V@"

)LQODQG

Finland has been and is active in relevant groups and bodies, e.g. OECD/NEA CNRA,
WENRA and EUR.

)UDQFH

CEA has actively supported EC’s goals. This was particularly the case in participation
in the EU’s framework programmes and more precisely in the area of severe accidents
during the recent years.

*HUPDQ\

Germany has been actively participating in the NRWG, CNRA and WENRA
activities apart from those offering a number of experimental studies to perform
exercises to foster consensus in common understanding of the technological issues.

1HWKHUODQGV

The KFD participates actively in the WENRA. The technical organisations KEMA
and ECN (presently NRG) have been involved in several EU activities, with feedback
to the Regulatory Body.

6SDLQ

The CSN is participating actively in the harmonisation activities of NRWG and
WENRA among others. In particular a subgroup with the specific objective of
harmonisation has been formed within WENRA.

6ZHGHQ

Sweden has participated in such activities within the EC for a long time.  Sweden
participates actively in the WENRA activities and also other similar activities.

8.

The HSE has supported the RAMG forum.  It has also supported selected technical
consultancies in participation in the EU Framework Research programmes,
particularly in the area of severe accidents.

+XQJDU\

These questions were addressed in several PHARE projects. Also the support of the
RAMG to HAEA contributed to greater harmonisation.
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6ORYDN�5HSXEOLF

The Slovakia Republic is not a EU Member State of the European Union (hereinafter
EU) and participation of the Slovakia Republic in the EU activities is limited. The
harmonisation process in nuclear safety area in the Slovakia Republic is going on
mostly through the IAEA. In addition, the UJD benefits from the co-operation with
the Association of Western Nuclear Regulatory Authorities (hereinafter WENRA).
The WENRA mission (2000-year) positively evaluated the nuclear safety for all
operated NPPs in the Slovakia Republic and recommended a further strengthening of
UJD.

The UJD actively co-operates with the CONCERT group (Concentration on European
Regulatory Tasks), RAMG group (Regulatory Assistance Management), NUSAG
(Nuclear Assistance Co-ordination) and ENIS-G of European Commission.

The upgrading of NPPs operated in Slovakia Republic to the internationally accepted
level was performed in close co-operation with western companies and western
suppliers of technology.

�� 'R�\RX�FRQVLGHU�WKHVH�DFWLYLWLHV�KDYH�SURYLGHG�D�SUDFWLFDO�EHQHILW�WR�\RXU
FRXQWU\��H[DPSOHV�ZHOFRPHG�"

)LQODQG

Direct examples are difficult to pinpoint, but it is obvious that the activities have been
of practical benefit.

)UDQFH

Participation to the framework programmes and particularly in the field of severe
accidents has been very cost beneficial. Some important technical results could not
have been obtained otherwise. The exchanges favoured by the Community activities,
between support organisms of the safety authorities (IPSN, GRS,…) and between all
the organisms working in support of the industry, are of most beneficial importance.

*HUPDQ\

The exchange of information in the frame of the working groups and the other
common activities fosters mutual understanding of safety issues.

1HWKHUODQGV

The Regulatory Body considers these activities as being beneficial for the nuclear
reactor safety in the Netherlands, in particular in the areas of severe accident
management, maintenance rules, ageing.

6SDLQ

These working groups provide a forum for the exchange of different experiences and
points of view that are always beneficial and enrichment for the national activities.
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6ZHGHQ

Some practical results from subgroups of, for instance, the Nuclear Regulatory
Working Group have been beneficial for Sweden.

8.

The participation has resulted in the acquisition of state-of-the-art knowledge and
experimental data, which would not otherwise have been acquired largely in the field
of severe accidents.  Participation has been very cost beneficial.

+XQJDU\

They foster the way to successfully close down Hungary’s accession negotiations.

6ORYDN�5HSXEOLF

 A benefit of the EC activities is seen from the international co-operation, information
exchange, transfer of now-how and state of the art technology. The UJD is directly
involved in the 5th Framework Program of EC. In addition, the UJD benefits from the
co-operation with the Association of Western Nuclear Regulatory Authorities
(hereinafter WENRA).

The UJD actively co-operates with the CONCERT group (Concentration on European
Regulatory Tasks), RAMG group (Regulatory Assistance Management), NUSAG
(Nuclear Assistance Co-ordination) and ENIS-G of European Commission.

�� 'R�\RX�VHH�WKH�(&��RU�RWKHU�LQWHUQDWLRQDO�RUJDQLVDWLRQV��DV�WKH�PDLQ�GULYHU
WRZDUGV�DFKLHYHPHQW�RI�FRPPRQ�DQG�VXIILFLHQW�VDIHW\�UHTXLUHPHQWV"

)LQODQG

The main drivers seem to be the IAEA and to some extent the EC. Industry efforts are
also important, e.g. EUR (European Utility Requirements) and URD (Utility
Requirements Document).

)UDQFH

It is the authors view that the main driving force towards progress and achievements
in the field of nuclear safety is linked to the survival and to an extend of nuclear
activities (if any in the future) and to new industrial challenges. The common German
and French approach of industrial and regulatory objectives could be a key aspect of
the future European policy. In the world, IAEA and OECD exert a strong influence
since these organisations regroup also Japanese and American activities.

*HUPDQ\



$($7�5�36(*�����

$($�7HFKQRORJ\ $���

IAEA and EC have for a long time been endeavouring to harmonise sufficient safety
requirements which may be differently assessed from country to country.  So far, final
decisions remain with the individual countries.

1HWKHUODQGV

The forums organised by the EC and the specialised committees of international
organisations such as the IAEA and NEA, have enhanced the establishment of
internationally accepted general safety requirements and specific industrial design
codes and testing methods.

6SDLQ

Since the EURATOM treaty has no competence on nuclear safety, it is difficult that
EC alone by itself can be able to achieve a common and sufficient framework of
nuclear safety requirements. For specific matters, other international organisations
(NEA, IAEA, etc.), through specialised committees, can provide forums for specific
subjects.

6ZHGHQ

Yes. We  see the IAEA as the main driver and EC as a co-driver for time being.

8.

To date, IAEA and OECD, have probably exerted the greater influence, since they
include more global participation (US, Japan).  However, with the increased
collaboration within and between European and European Enlargement countries in
EC funded programmes, EC initiatives could have greater influence.

+XQJDU\

The role of OECD and IAEA seems to be more important and this can be justified by
the fact that these organisations can handle world-wide trends in the field.

6ORYDN�5HSXEOLF

The harmonisation process in nuclear safety area in the Slovakia Republic is going on
mostly through the IAEA.  In addition, the UJD benefits from the co-operation with
the Association of Western Nuclear Regulatory Authorities (hereinafter WENRA).

The upgrading of NPPs operated in Slovakia Republic to the internationally accepted
level was performed in close co-operation with western companies and western
suppliers of technology.

�� 'R�\RX�WKLQN�WKH�(&�DFWLYLWLHV�KDYH�SURYLGHG�SUDFWLFDO�EHQHILW�WR�RWKHU
FRXQWULHV���L��ZLWKLQ�DQG��LL��H[WHUQDO�WR�WKH�(8�"

)LQODQG
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Yes, especially Eastern Europe and the former Soviet Union have benefited. Support
to the regulatory bodies and their TSOs is considered especially beneficial.

)UDQFH

The most important aspect is the extension of the "safety culture" to the countries of
Eastern Europe and to the Russian Federation.

*HUPDQ\

Yes, specifically in connection with the EU enlargement process.

1HWKHUODQGV

EC initiated and sponsored activities have contributed to the exchange of experiences
within the EU, in particular to the implementation of severe accident management
measures. The EU activities in the framework of PHARE and TACIS programmes are
considered in particular beneficial for the improvement of the nuclear safety in EU
Enlargement and CIS countries and the sustainability of this enhanced safety.

6SDLQ

EC sponsored activities have been a significant help and have had a very constructive
impact on the Central and East European Countries and Newly Independent States of
the former Soviet Union regulatory and safety analysis practices. Within the EU they
have contributed to the exchange of different experiences and points of view.

6ZHGHQ

We have insufficient information. Difficult to judge.

8.

EU activities have provided most benefits to the EU Enlargement and CIS countries.
There has also been benefit in the dissemination of severe accident related knowledge
within the EU.

+XQJDU\

External to the EU definitely.  All TACIS and PHARE projects in support of the
authorities and their TSOs in the region have contributed to decrease the gap between
EU and CEEC/CIS countries.

6ORYDN�5HSXEOLF

A benefit of the EC activities is seen from the international co-operation, information
exchange, transfer of now-how and state of the art technology. The UJD is directly
involved in the 5th Framework Program of EC.

�� +DV�\RXU�RUJDQLVDWLRQ�EHQHILWHG�IURP�WKH�(8�UHVHDUFK�SURJUDPPHV"
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)LQODQG

Yes. Finland has been active and benefited. We also support their continuation.

)UDQFH

CEA has benefited from the EU research programmes.

*HUPDQ\

Germany has benefited in particular from recent action-oriented 4th and 5th
EURATOM Framework programmes through close cooperation with research
institutions working for the same tasks.

1HWKHUODQGV

The Regulatory Body has benefited through the participation of the national technical
organisations in the EU Framework programmes and the research projects initiated by
DG Environment and DG Transport and Energy.

6SDLQ

The CSN has been benefited with the qualitative results of the programs, which
provide additional background and information to the regulatory activities performed.
The CSN has been actively involved in the 4th and 5th Research Framework Programs,
and has been benefited of many projects.

6ZHGHQ

The EC research programme has provided very significant funding for projects related
to management of severe accidents.

8.

The HSE has benefited through participation in the RAMG.

+XQJDU\

Yes.

6ORYDN�5HSXEOLF

The UJD is directly involved in the 5th Framework Programme of EC.

�� 'R�\RX�WKLQN�WKDW�WKH�(&�DFWLYLWLHV�KDYH�UHVXOWHG�LQ�VDIHU�RSHUDWLRQ�RI
QXFOHDU�SRZHU�SODQWV��L��LQ�\RXU�FRXQWU\���LL��LQ�RWKHU�(8�FRXQWULHV���LLL�
H[WHUQDO�WR�WKH�(8�

)LQODQG



$($7�5�36(*�����

$($�7HFKQRORJ\ $���

In Finland (i) the influence is difficult to prove, especially because Finland joined the
EU only recently. In other EU countries (ii) the positive influence is possibly easier to
recognise due to their longer experience. External to the EU (iii) the positive influence
is quite obvious, especially in Eastern Europe and the former Soviet Union.

)UDQFH

No response.

*HUPDQ\

This is difficult to answer, because it depends to which degree the results of EU
activities, in particular the results of common research projects, have been translated
and incorporated into specific issues of the licensing or surveillance process.

1HWKHUODQGV

See answer to question 4. In particular, the exchange of regulatory practices to CEE
and CIS countries is very beneficial and should be stimulated further.

6SDLQ

The exchange of regulatory and safety analysis practices to the Central and East
European Countries and Newly Independent States of the former Soviet Union have
been probably the main benefit of EC activities. Complementary to that, the
framework of collaboration between EU countries provided by these Programs has
contributed to a better knowledge of EU practices among EU countries.

6ZHGHQ

This is a difficult question. It might have been so for certain limited areas. The
nuclear industry is extremely conservative and it normally takes very long time to
make changes  Important findings from EC-research may not have been implemented
to full extent.

8.

Yes, but especially external to the EU.

+XQJDU\

Same answer as for question 4.

6ORYDN�5HSXEOLF

A benefit of the EC activities is seen from the international co-operation, information
exchange, transfer of now-how and state of the art technology. The UJD is directly
involved in the 5th Framework Program of EC. In addition, the UJD benefits from the
co-operation with the Association of Western Nuclear Regulatory Authorities
(hereinafter WENRA).
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The upgrading of NPPs operated in Slovakia Republic to the internationally accepted
level was performed in close co-operation with western companies and western
suppliers of technology.
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�� 'RHV�\RXU�RUJDQLVDWLRQ�VXSSRUW�WKH�JRDO�RI�JUHDWHU�KDUPRQLVDWLRQ�DW�WKH�(8�OHYHO"

)LQODQG

Yes, meaning that the goal is equivalence but not detailed EU regulations.

)UDQFH

Yes.

*HUPDQ\

Yes.

1HWKHUODQGV

The KFD as well as the Directorate SVS of the Ministry of VROM support the goal of further
harmonisation at the EU level. This is considered as an important issue in view of the ongoing
de-regulation of the European electricity market.

6SDLQ

Generally speaking yes, as it has been expressed in particular in WENRA forum when the
issue of European standard of safety has been discussed.

6ZHGHQ

Yes, the benefits of harmonisation for smaller countries are obvious.

8.

Yes.

+XQJDU\

These questions should be answered by EU countries more familiar with EU-internal
processes in the field.

6ORYDN�5HSXEOLF

The Slovakia Republic is not a EU Member State of the European Union (hereinafter EU) and
participation of the Slovakia Republic in the EU activities is limited. A greater involvement of
the Slovakia Republic in the EU activities is appreciated.

The UJD supports the greater harmonisation at the EU level. The UJD actively co-operates
with the CONCERT group (Concentration on European Regulatory Tasks), RAMG group
(Regulatory Assistance Management), NUSAG (Nuclear Assistance Co-ordination) and
ENIS-G of European Commission.
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�� ,V�D�VHW�RI�HTXLYDOHQW�VWDQGDUGV�GHVLUDEOH�SRVVLEOH�DW�WKH�(8�OHYHO��SRVVLEO\
VXSSOHPHQWHG�E\�(8�VWDQGDUGV�"

)LQODQG

Common EU standards seem unrealistic.

)UDQFH

The differences between the various plants and even between some safety goals in Europe do
not allow for large harmonisation. If a common plant project were to appear, the
harmonisation will be self-driven by the common industrial consortium.

*HUPDQ\

It may be useful, but generation of a common understanding of the technical issues covered
by the existing standards would be a prerequisite to facilitate their application on the variety
of operating NPPs .

1HWKHUODQGV

Differences in the present designs of nuclear steam supply systems, which are manly based on
the different regulations in the countries of origin, would make it difficult to arrange a
complete set of EU-standards for existing plants. However in some areas, for example in the
field of testing methods or analysing programmes, equivalent standards have been developed
for these plants. Furthers standardisation could be envisaged considering the future designs
that are developed in the frame work of common projects. Another direction for further EU
harmonisation would be the development of EU uniform set of safety indicators (equivalent to
the USNRC) which are applicable to different designs. Such a development could also be
beneficial to public perception of nuclear safety in EU.

6SDLQ

Differences of country origins of main NSSS designs make difficult to allow a total
homogenisation of standards at EU level. However a progressive harmonisation is possible in
the framework of common projects.

6ZHGHQ

Standards are desirable, in particular for small countries. Development of standards are
possible for certain components and systems and should be encouraged. The time is probably
not yet sufficiently mature for standardisation of whole reactor systems although there are
very promising attempts to develop such concepts. It would probably be appropriate that such
developments are done at EU-level.
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8.

There are major differences between the plants operating within the EU, even greater
including the EU Enlargement countries.  Thus complete harmonisation must be a long term
goal.  There may be a case for harmonisation of generic approaches in some areas.

+XQJDU\

See answer to question 1.

6ORYDN�5HSXEOLF

See answer to question 1.

�� 6KRXOG�WKHUH�EH�VWDQGDUGLVDWLRQ�RQ�FRPSXWHU�FRGHV�ZLWKLQ�WKH�(8"

)LQODQG

Some standardisation may be of benefit, but the existence of several (at least two) different
computer codes is necessary. Development of generic codes together with other industries
(capable of also other than NPP analysis) should be considered, as has been done in Finland.

)UDQFH

Standardisation of methodologies, quality assurance or basic data bases is highly desirable.
Standardisation of physical models subjected to large uncertainties is not suitable and could
even be counter-productive.

*HUPDQ\

Standardisation of computer codes is certainly not the way to go. It will not avoid improper
application of computer codes by code users, because standardisation can never be extended
on code input data, which must be selected in consideration of the specific task to be
analysed.  Promotion of common International Standard Problems on technical issues to be
predicted by computer codes within the frame of regulatory activities would be much more
beneficial. It would allows the comparison of analytical results with  the reality of relevant
measured evidence of experiments.

1HWKHUODQGV

Using a common set of comparable software would be efficient.  However, having the
possibility to apply different codes to one single safety issue, would prevent the development
of “blind spots” in safety assessments. Furthermore it is rather difficult to develop a software
package which could handle all aspects of an analysis equally well.

6SDLQ

Standardisation on computer codes can be only justified when technological problems
condition a single and common development. Otherwise, a free competition in the market will
result in a selection process of optimum computer codes.
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6ZHGHQ

This is already under way. This is important for small countries which have limited resources
for development and assessment.

8.

Standardisation of computer codes in the sense of using common software and hardware
facilities is desirable.  However, standardisation of physical models, particularly where large
uncertainties exist in the physics, is dangerous and could lead to incorrect conclusions.

+XQJDU\

See answer to question 1.

6ORYDN�5HSXEOLF

Standardisation of computer codes in the Slovakia Republic is considered as a part of quality
assurance. This includes users’ qualification, computer code verification, validation and data.
It refers to computer code life cycle. The UJD requirements to computer code standardisation
are summarised in the UJD guideline (Requirements to quality assurance of computer
information software, BNS I.12.1/1995). The EC should support the computer code
verification and validation.

�� ,V�GHVLJQ�FHUWLILFDWLRQ�IRU�IXWXUH�UHDFWRU�GHVLJQV�DW�WKH�(8�OHYHO�D�UHDOLVWLF�JRDO"

)LQODQG

It is not a realistic goal. There is no authority to certify the designs at the EU level. The
responsibility should stay with the national regulators. On the other hand, it seems that
designs are being standardised within the EU on voluntary basis by the European industries
through e.g. EUR (European Utility Requirements) work.

)UDQFH

The certification process is strongly linked to the reactor concept, to the location of the plant
and to the national and regional sensibilities. A standardisation may be industrially driven, on
the basis of the development of a common concept.

*HUPDQ\

Not for the time being, as long as no TSO organisation for all regulatory matters generally
recognised by all EU countries is available.

Note that the German Government and industry have agreed on a "Consensus" to terminate
the use of nuclear energy within an approximate 30  years period; hence at present standards
for future German nuclear power stations are no more under consideration.
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1HWKHUODQGV

Considering the present differences in regulatory systems and regulations in EU Member
States, such a goal would not be realistic. One could argue if a design certification at EU level
would be necessary taking into account the de-regulated electricity market (see question 2).

6SDLQ

A co-ordinated process among regulatory bodies of countries involved in the design will be
the more realistic approach. Collaboration of other interested regulatory bodies will make
easier licensing process in case of construction in that countries of that future reactor model

6ZHGHQ

The goal is not realistic for time being.  Design certification for certain systems of
components is deemed to be possible.

8.

Design certification at the EU level could reduce cost for individual countries.  It is not clear
whether this is a realistic long term goal.

+XQJDU\

See answer to question 1.

6ORYDN�5HSXEOLF

No response.

�� +RZ�ZRXOG�GRHV�GH�UHJXODWLRQ�RI�(XURSHDQ�XWLOLWLHV�LPSDFW�RQ�UHJXODWRU\�UHTXLUHPHQWV
�LV�WKHUH�SUHVVXUH�WR�VLPSOLI\�WKH�UHJXODWRU\�SURFHVV�UHTXLUHPHQWV�"

)LQODQG

The impacts are being investigated at present. Simplification of the regulatory process in
Finland is not expected. Maintaining safety of NPPs is of utmost importance.

)UDQFH

No response.

*HUPDQ\

German regulators will certainly not deviate from the "safety first" principles as far as
operation of NPPs is concerned (see also comment to question 4).

1HWKHUODQGV

De-regulation could mean additional pressure for the regulatory body to simplify the
regulatory process and requirements. However the practices of the utilities in a de-regulated
EU should carefully be regulated in the framework of EU harmonised approach.
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6SDLQ

Utility position is more oriented to have a stable and predictable regulating frame, where
economical estimations can be performed without significant risks.

6ZHGHQ

The deregulation promotes harmonisation in the regulatory space since different requirements
in the different countries would affect the cost for electricity production.

8.

De-regulation puts much greater emphasis on cost competitiveness and efficiency in utility
operation and regulatory processes.  It should provide a driver for more simplified approaches
in all areas.  Improved Utility management (to achieve greater efficiency) should lead to
improved safety but Utility practices in a free market will need to be carefully regulated.

+XQJDU\

See answer to question 1.

6ORYDN�5HSXEOLF

De-regulation of the utilities in the Slovakia Republic is now in preparation. The process is
seen in conjunction with the privatisation of state owned power plants and distribution grid
network. Up to now, there is not experience with de-regulation of power utilities in the
Slovakia Republic.

�� ,V�D�FRQWLQXHG�(&�PDQDJHG�UHVHDUFK�SURJUDPPH�VHHQ�DV�GHVLUDEOH�E\�WKH�5HJXODWRU"

)LQODQG

Yes. It should be noted that there is also a regional Nordic nuclear safety Research
Programme (NKS).

)UDQFH

A main contribution of the EC managed research programmes is, besides the technical
progresses, the large exchanges between the different participants.

*HUPDQ\

If such programmes serve to reduce uncertainties in regulatory activities it could be helpful.

1HWKHUODQGV

See answer to question 5 of part 5. Continuation of the participation to EU-managed research
programme is seen as desirable by Netherlands’ regulatory bodies.
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6SDLQ

It is convenient to develop a research program that takes into account challenges in nuclear
technology as well as improvements in the required knowledge of safety issues.

6ZHGHQ

The regulator needs to get answers within a certain time frame. The EC-research has normally
a longer perspective. A research programme with focus on maintaining and developing
competence would be highly desirable also from a regulatory standpoint.

8.

An EC managed research programme is desirable if it is focussed on real safety issues as
required by industry.  This may be difficult to achieve with the present generation of widely
diverse plants.

+XQJDU\

See answer to question 1.

6ORYDN�5HSXEOLF

See answer to question 1.

�� :KDW�DUH�WKH�SULRULW\�DUHDV�IRU�WKH�IXWXUH�(8�DFWLYLWLHV"

)LQODQG

Finland’s priority areas for EU support include waste management, new plant types, co-
operation of regulatory bodies and support to Eastern European countries. Also efforts for
proceeding towards greater equivalence and harmonisation of national regulations is
considered important.

)UDQFH

The technical priorities are, at the time being:

• Decommissioning and waste disposal

• Ageing and plant life extension

• New fuel developments

• Improvement of safety of reactors in the Countries of Eastern Europe

• Improvements of physical comprehension and mastering of severe accidents.

*HUPDQ\

See comment to question 4.
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1HWKHUODQGV

Considering the present energy supply and public attitude with respect to nuclear energy, the
regulators would give priority to the following areas:

• Common approach to waste management and final disposal

• Decommissioning

• New reactor concepts such as HTR and ADS.

In addition, priority would be given to activities, which further improve the safety of nuclear
power plants in the EU and EU-Enlargement countries, and activities, which will increase the
level of the nuclear safety in CIS countries to EU standards.

6SDLQ

• Decommissioning and long term radwaste and fuel storage

• Risk informed and performance based applications

• Best estimate thermal-hydraulic analysis

• Computer science applications

• Plant residual life.

6ZHGHQ

The research should be focused on safe operation of the nuclear power plants. Another
extremely important area which is suitable for EC-research is to maintain and develop
competence in the nuclear field. Focus should be more on defining projects that could be
attractive for researches.

8.

The priority areas are likely to be:

• Decommissioning and waste disposal (environmental)

• Fuel development and management (economic)

• Plant life extension (economic and safety)

Improved safety qualification of the less safe reactors currently in operation (safety).

+XQJDU\

See answer to question 1.
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6ORYDN�5HSXEOLF

See answer to question 1.


