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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS (CSNI) 

The Committee on the Safety of Nuclear Installations (CSNI) addresses Nuclear Energy Agency (NEA) 

programmes and activities that support maintaining and advancing the scientific and technical knowledge 

base of the safety of nuclear installations. 

 The Committee constitutes a forum for the exchange of technical information and for collaboration 

between organisations, which can contribute, from their respective backgrounds in research, development 

and engineering, to its activities. It has regard to the exchange of information between member countries 

and safety R&D programmes of various sizes in order to keep all member countries involved in and abreast 

of developments in technical safety matters. 

 The Committee reviews the state of knowledge on important topics of nuclear safety science and 

techniques and of safety assessments, and ensures that operating experience is appropriately accounted for 

in its activities. It initiates and conducts programmes identified by these reviews and assessments in order 

to confirm safety, overcome discrepancies, develop improvements and reach consensus on technical issues 

of common interest. It promotes the co-ordination of work in different member countries that serve to 

maintain and enhance competence in nuclear safety matters, including the establishment of joint 

undertakings (e.g. joint research and data projects), and assists in the feedback of the results to participating 

organisations. The Committee ensures that valuable end-products of the technical reviews and analyses are 

provided to members in a timely manner, and made publicly available when appropriate, to support broader 

nuclear safety. 

 The Committee focuses primarily on the safety aspects of existing power reactors, other nuclear 

installations and new power reactors; it also considers the safety implications of scientific and technical 

developments of future reactor technologies and designs. Further, the scope for the Committee includes 

human and organisational research activities and technical developments that affect nuclear safety.  
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Executive summary  

The Working Group on Fuel Cycle Safety (WGFCS), which is part of the Committee on 

the Safety of Nuclear Installation (CSNI) of the Nuclear Energy Agency (NEA), held an 

international workshop on developments in safety assessment approaches and safety 

management practices of fuel cycle facilities. The workshop was hosted by the NEA in co-

operation with the French Institute for Radiation Protection and Nuclear Safety (IRSN) as 

host of the technical visit, at the OECD Conference Center in Paris, France on 7-9 October 

2019.  

During the workshop, a total of 20 presentations were given in 4 sessions. In the framework 

of this workshop, a technical visit to the IRSN premises at Fontenay-aux-Roses, near Paris, 

was organised on Wednesday 9 October. The workshop was attended by about 38 

participants from 10 countries. 

The event concentrated on the approaches of different national regulators and licensees in 

the safety assessment of fuel cycle facilities (FCFs), focusing on the developments and 

improvements adopted in the last years, as well as on recent international progress in safety 

assessment methods, including feedback from the oversight practices of FCF operators. 

Many of the safety assessment approaches discussed during the workshop had already been 

under development and discussion in previous workshops, mainly in Toronto in 2011.  

The Paris 2019 workshop discussions included the following conclusions and 

recommendations: 

• There is a need to carefully identify design extension conditions (DEC) specific to 

each FCF, taking into account the lessons learnt from the Fukushima Daiichi 

Nuclear Power Plant accident, and include them in the FCF safety assessment.   

• Although at the conceptual level, the graded approach in technical reviews can be 

seen as mature and widely shared, attention must be paid to defining clear rules 

with this approach. An agreed methodology including some quantitative criteria 

with specific measures in place should be developed.  

• The development of a guidance document on the use of a graded approach is 

identified as a future activity. 

• Reliable and updated statistical data, both for initiating events and component 

failures, as well as deep knowledge of the installation processes are instrumental in 

the FCFs’ accurate probabilistic analysis. A strong development work of specific 

models is required. 

• Complete and accurate analyses of credible plant conditions are important for the 

identification and implementation of reliable safety controls (i.e. there is a need to 

somehow validate the operator analysis methodologies). 

• When having to redo the FCF safety envelope to integrate new probabilistic 

analyses, it is not enough to run additional analyses on top of the deterministic 

existing ones. It is always necessary to conduct a thorough revision of the whole 

safety assessments picture in the framework of the FCF safety management system. 

• Research and development (R&D) is considered a key tool to understand the 

structures, systems and components (SSCs) ageing mechanisms and phenomena. 

Identification of R&D activities to support ageing management programmes could 

be a topic for future WGFCS work.   





http://www.google.fi/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjautT509XbAhXnBcAKHSZcBsMQFggnMAA&url=http%3A%2F%2Fnuclearsafety.gc.ca%2Feng%2F&usg=AOvVaw2xq4_EgF1k-iRNVPh6VNTb
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiWvZCkl6LKAhWFWRoKHSm-DpEQFggcMAA&url=https%3A%2F%2Fwww.iaea.org%2F&usg=AFQjCNGvaf1tXp_OzLsaT1tUW02Ot3QUlw&bvm=bv.111396085,d.ZWU
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QRA Quantitative risk assessment 

R&D Research and development 

RESEP Resilience evaluation process 

SAA Severe accident analysis 

SSCs Structures, systems and components 

SF&HLW Spent fuel and high-level waste 

S/NRA/R Regulatory Standard and Research Department, Secretariat of Nuclear 

Regulation Authority (Japan) 

TSO Technical safety organisation 

VLLW Very low-level waste 

WGFCS  CSNI Working Group on Fuel Cycle Safety (NEA) 
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1. Introduction 

This report is a summary of the Committee on the Safety of Nuclear Installation (CSNI) 

Working Group on Fuel Cycle Safety (WGFCS) international workshop on developments 

in safety assessment approaches and safety management practices of fuel cycle facilities, 

held at the OECD Conference Center in Paris, France, on 7-9 October 2019. It outlines the 

presentations and conclusions drawn during the discussions and closing panel of the 

workshop. During the workshop, a total of 20 presentations were given to more than 30 

participants from 10 NEA member countries in 4 technical sessions: 

• safety assessment of fuel cycle facilities (FCFs), including analysis of external 

events and design extension conditions;  

• experiences of the use of a graded approach in safety assessments in the design, 

construction and licensing of FCFs;  

• probabilistic approaches in safety assessments of FCFs, e.g. identification of events 

and integrated risk-informed decision-making, application of the ALARA 

principle; 

• FCF operating life and evaluation of life extension, ageing management as part of 

the management system. 

In 2011, the WGFCS held a workshop on called “Safety assessment of fuel cycle facilities 

– regulatory approaches and industry perspectives” that was hosted by the Canadian 

Nuclear Safety Commission (CNSC) in Toronto, Canada. 

The workshop showed a high level of activity regarding safety assessments of FCFs in 

many countries. Among the issues covered in more detail were the identification of 

initiating events, risk-informed regulations and decision-making and regulatory oversight. 

The WGFCS found it was worth revisiting the progress achieved in solving these issues 

since the Toronto meeting almost one decade earlier. The definition of the scope of this 

proposed activity takes into account the conclusions of that meeting. 

The discussions on safety assessment approaches were based on work done in previous 

workshops of the WGFCS, mainly the Toronto workshop in September 2011 (NEA, 2012), 

but also the workshops in Albuquerque, United States in May 2015 (NEA, 2016), in 

Aomori, Japan in November 2016 (NEA, 2017) and in Boulogne, France in April 2018 

(NEA, 2019). 

The main objective of the 2019 workshop was to bring together many specialists involved 

in safety assessments and management practices to discuss new developments applied to 

nuclear fuel cycle installations.  

FCFs include a wide diversity of installations. This activity will focus on facilities 

dedicated to conversion, enrichment, fuel manufacturing, interim spent fuel storage, spent 

fuel reprocessing, radioactive waste conditioning and on-site interim storage of radioactive 

waste. Also addressed were the specificities related to range of ages of the facilities, which 

span 60 years or more, as well as to the design life of facilities currently in the 

design/construction phase. 

The wide variety of installations and conditions presents different potential hazards, and 

hence requires a graded approach in the application of safety requirements based on a 

facility's associated risks. The challenge is to define the extent to which the application of 

safety requirements can be graded while assuring high levels of safety. This challenge is 

applicable to the different topics addressed in the workshop. 
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2. Previous workshops  

2.1. Toronto workshop in September 2011 

In Toronto, Canada on 27-29 September 2011, the workshop on the “safety assessment of 

fuel cycle facilities – regulatory approaches and industry perspectives” (NEA, 2012) drew 

the following broad conclusions related to fuel cycle facility (FCF) safety assessment: 

• It was recognised that the risk-informed decision-making process is an established 

and useful approach not only at the macro level, but also for complex, technical 

tasks in FCFs. 

• It was also noted that it may be beneficial to benchmark with other areas both within 

the nuclear industry (such as nuclear power plants) as well as outside (such as the 

petrochemical industry) to identify cross-learning opportunities. 

• Both operators and regulators in member countries are engaged in continuous 

improvement initiatives, including to improve evaluation methods and approaches, 

and to recognise the importance of employing the ALARA (as low as reasonably 

achievable) principle, in order to achieve better safety analysis and better protect 

workers, the environment and the public. 

• Ageing FCFs face a challenge in that they don’t necessarily have modern design 

features and equipment, making fully quantitative analysis challenging. 

• It was recommended that the WGFCS continue to support similar technical 

workshops and continue to foster similar information exchanges. 

2.2. Albuquerque workshop in May 2015  

The workshop on “operational and regulatory aspects of criticality safety” (NEA, 2016) 

was held in Albuquerque, United States on 19-21 May 2015. Presenters and participants 

discussed various issues related to criticality safety at FCFs. Among the main topics 

identified as themes for future consideration were the identification of the advantages and 

disadvantages of deterministic and risk-informed approaches to nuclear criticality safety 

(NCS) assessments and the determination of the appropriate balance between the two 

approaches.  

2.3. Aomori workshop in November 2016 

The workshop on “developments in fuel cycle facilities after the Fukushima Daiichi 

Nuclear Power Station (NPS) accident” (NEA, 2017) was held in Aomori, Japan on 15-17 

November 2016. The main objective was to review and discuss national activities, plans 

and regulatory approaches in light of the lessons learnt from the accident at the Fukushima 

Daiichi Nuclear Power Plant in terms of new safety requirements and operational issues of 

FCFs.   

It was noted that differences in national legislation and regulatory approaches don’t change 

the responsibility of FCF operators to provide a full assessment of potential hazards and/or 

any combinations thereof. This means that all hazards and their consequences are identified 

and analysed in a comprehensive safety case for FCFs.  
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The Aomori workshop also highlighted that there are various characteristics and 

particularities of FCFs that may differ from nuclear power plants, and it is therefore 

important to use a graded approach in applying new requirements to all types and sizes of 

FCFs. A graded approach means that the application of regulatory requirements, used 

resources and other relevant measures are commensurate with the risks associated with the 

exposure situation, as well as with the likelihood and magnitude of exposures. The potential 

hazards of an FCF could be assessed with deterministic or probabilistic tools, or with a 

combination of them. 

2.4. Boulogne workshop in April 2018 

The workshop on “chemical hazards in fuel cycle facilities nuclear processing” (NEA, 

2019) was held in Boulogne, France on 17-19 April 2018. It focused on methods to ensure 

that FCFs are designed and operated in a manner that ensures that the risks of hazardous 

chemical exposure, corrosion, fire, explosion and contamination associated with nuclear 

fuel processing are controlled and minimised. 

It was noted during discussions that several FCFs fall within high chemical hazard 

categories, and therefore require more detailed assessments of safety. FCFs use modern 

methods and tools for quantifying chemical hazards, from quantitative risk assessments 

(QRAs) to detailed calculation codes, e.g. computational fluid dynamics (CFD). Some 

codes are freely available, but adequate validation data may be missing for others. 

Calculation codes and models for releases into the atmosphere include many uncertainties. 

It was recognised that acute exposure guideline levels (AEGLs) are now used by some 

operators for quantifying emergency exposure criteria from chemical accidents. 
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3. Workshop sessions and technical visit 

3.1. Opening: Introduction and objectives of the workshop 

The opening session was chaired by Mr Mitsuhiro Takanashi (Secretariat of the Nuclear 

Regulation Authority [S/NRA/R], Japan), chair of the Nuclear Energy Agency (NEA) 

Working Group on Fuel Cycle Safety (WGFCS). In the opening session Dr Escrig Forano 

from the NEA gave a short overview of the objectives and goals for the workshop. Next, 

Ms Veronique Rouyer, Head of the Division of Nuclear Safety Technology and Regulation 

at the NEA, welcomed all participants and gave an introduction of the most important 

challenges of safety assessment and safety management procedures for fuel cycle facilities 

(FCFs).  

3.2. Session 1: Safety assessment of FCFs including analysis of external events and 

design extension conditions 

Session 1 was chaired by Mr Kenji Mori (S/NRA/R, Japan) and featured six presentations:  

• Overview of the Department of Energy (DOE) nuclear safety framework, T. Hiltz 

(US DOE, United States)  

• Beyond-design-basis analysis in the Spanish SF & HLW centralised dry interim 

storage facility, F.Lentijo (Spanish Radioactive Waste Management Organisation 

[ENRESA], Spain)  

• Summary of guidelines for safety improvement evaluation of nuclear fuel 

fabrication facilities and spent fuel reprocessing facilities in Japan, A. Yamaguchi 

(S/NSR/R, Japan)  

• Evaluating the resilience of nuclear facilities at Sellafield, A. Buchan (Sellafield 

Ltd, United Kingdom)   

• Overview of studies conducted at the Japan Atomic Energy Agency (JAEA) on 

evaporation to dryness accident of high-level liquid waste in reprocessing plant, N. 

Yoshida (JAEA, Japan)   

• Assessment of chemical hazards for nuclear fuel cycle facilities, Y. Hemimou 

(French Nuclear Safety Authority [ASN], France) and J.P. Carreton 

(Radioprotection and Nuclear Safety Institute [IRSN], France) 

1.1. Overview of the DOE nuclear safety framework: T. Hiltz 

Mr T. Hiltz (US DOE) had gave a presentation on the nuclear safety framework of the 

DOE. The presentation explained regulation practice, oversight structure and safety 

documents. 

The DOE communicates about the safety conception with the US NRC. But the DOE’s 

independence is maintained. 

1.2. Beyond-design basis analysis in the Spanish centralised waste storage facility 

(CSF) 

Mr F. Lentijo (ENRESA, Spain) gave a presentation about the CSF, a temporary centralised 

storage facility in Spain. 
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The Spanish nuclear policy establishes the open cycle as the reference scenario. The 

national strategy for the management of high-level waste (HLW), including of spent fuel, 

aims for future disposal in a deep geological repository (DGR). Meanwhile, the selected 

option in Spain consists of a CSF to safely manage and store any radioactive waste that 

cannot be disposed of (at the El Cabril low and intermediate level waste [LILW] and very 

low-level waste [VLLW] disposal facility).  

In January 2014, ENRESA submitted an application to obtain siting and construction 

authorisations. During the licensing process, the regulatory body requested ENRESA 

implement the beyond-design-basis (BDB) analysis (design extension scenarios and severe 

conditions in the design and construction of the CSF) following lessons learnt from the 

Fukushima Daiichi accident.  

In this presentation, Mr Lentijo outlined the CSF design, the Spanish licensing process for 

a CSF and the results of the BDB analysis. The BDB analysis included seismic margin 

analysis, extreme phenomena hazards, commercial aircraft impacts, station blackouts 

(SBOs) and the total loss of a heat sink.  

1.3. Summary of guidelines for safety improvement evaluation of nuclear fuel 

fabrication facilities and spent fuel reprocessing facilities in Japan 

Mr A. Yamaguchi (S/NRA/R, Japan) gave a presentation about the Japanese guidelines for 

safety improvement evaluations of fuel cycle facilities. 

After the Fukushima Daiichi accident, based on the requirement of the amended reactor 

regulation, the Nuclear Regulation Authority Japan (NRA) established in November 2013 

"The Guideline for Periodic Safety Assessment of Continuous Improvement of Fuel 

Fabrication and Reprocessing Facilities” (hereafter referred to as the “guideline”). 

Once all the licensees of uranium fuel fabrication or enrichment activities received 

permission for changes to their business activities based on the new regulatory 

requirements, the NRA in March 2019 established new guidelines for safety improvement 

evaluations of uranium fabrication facilities (hereafter referred to as the “guidelines for 

uranium facilities”). 

The presentation summarised the existing “guideline” and described changes made in the 

“guidelines for uranium facilities”. 

It should be noted that when the “guidelines for uranium facilities” were revised, the NRA 

decided that risk evaluations and safety margin evaluations (stress tests) were not required 

for periodic safety assessments of continuous improvement because there are no structures, 

systems and components (SSCs) important to safety in existing uranium fuel fabrication 

and enrichment facilities in Japan. 

1.4. Evaluating the resilience of nuclear facilities at Sellafield 

Mr A. Buchan (Sellafield Ltd, United Kingdom) gave a presentation about evaluating the 

resilience of nuclear facilities at Sellafield.  

The Sellafield facilities used existing safety assessment processes to inform and prioritise 

studies of beyond-design-basis events and resilience evaluations that were required after 

the Fukushima Daiichi accident. These studies were used to inform the response to stress 

tests by UK regulators and industry bodies such as the European Nuclear Safety Regulators 

Group (ENSREG).  

In these stress tests, Sellafield developed two further processes, the severe accident analysis 

(SAA) and the resilience evaluation process (RESEP). These processes use the 
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understanding already developed as a result of a comprehensive programme of safety cases 

underpinned by extensive design-basis accident (DBA) and probabilistic safety analysis 

(PSA) studies. The SAA was developed to allow a comprehensive evaluation of high 

consequence scenarios. The RESEP process was developed as a structured and consistent 

approach to resilience assessment for the Sellafield site that satisfies the requirements of 

the ENSREG stress tests.  

The output of severe accident analyses (SAA) has been further progressed to derive an 

understanding of domino events and indicate the potential functionality of facilities and 

services at a site level during a range of severe accident events, allowing further 

development of the severe accident management strategies.  

1.5. Overview of studies conducted at the JAEA on evaporation to dryness 

accidents of high-level liquid waste in reprocessing plant 

Mr Yoshida (JAEA, Japan) gave a presentation about experiments on the behaviour of 

gaseous ruthenium (Ru) during a boiling accident in a reprocessing plant. According to this 

presentation, in Japan, the “evaporation to dryness due to the loss of cooling functions 

(EDLCF)” is defined as a severe accident in reprocessing facilities and in recent years the 

behaviour of ruthenium (Ru) has attracted much attention in the field of EDLCF study. 

Existing studies have shown that Ru was released at a rate greater than other elements 

because it formed volatile compounds such as ruthenium tetroxide (RuO4). 

This presentation detailed the results of three kinds of studies on the behaviour of Ru in 

EDLCF conducted by the JAEA: 

a the release characteristics of ruthenium from high-level liquid waste during 

evaporation to dryness;  

b the release of radioactive materials from high-level liquid waste in hot experiments 

for EDLCF; 

c the migration/deposition behaviour of volatile ruthenium. 

1.6. Assessment of chemical hazards for nuclear fuel cycle facilities 

Mr Y. Hemimou (ASN, France) and Mr J.P. Carreton (IRSN, France) gave a presentation 

about assessments of chemical hazards for nuclear fuel cycle facilities in France. 

The first half of the presentation summarised the main regulations involving dangerous 

chemicals in nuclear fuel cycle facilities that have to be taken into account in the safety 

demonstration. 

At a facility that utilises dangerous chemicals, these may be present in quantities exceeding 

a certain threshold, which could lead to an accident such as a toxic emission, a fire or an 

explosion resulting from uncontrolled developments. The safety demonstration concerning 

non-radiological risks involving dangerous substances has to be implemented (seveso 

directive). These facilities are considered to present major hazards due to the potential 

accident risk associated with the presence of dangerous substances. Then the safety 

demonstration is presented by deterministic approach and should include probabilistic 

analyses of accidents and their consequences (for chemical substances, however, 

probabilistic analyses are not implemented). 

Uranium hexafluoride (UF6) has low levels of radioactivity, but significant chemical 

toxicity. The safety demonstration therefore has to provide for both effects. 

The second half of the presentation described three examples of nuclear safety assessments 

regarding chemical hazards: explosion hazards during the sintering stage of UO2 and MOX 
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fuel, on-site transportation of uranium hexafluoride, and corrosion of a fission product 

solution concentrator. 

3.3. Session 2: Experiences in the use of a graded approach in safety assessments in 

the design, construction and licensing of FCFs 

The second session was chaired by Ms Margie Kotzalas, NRC, United States, and included 

five presentations: 

•  Graded approach of the DOE, T. Hiltz (US DOE, United States)  

•  Graded approach from the regulatory body/technical support organisation 

perspective, F. Ledroit (IRSN, France) 

•  “Fourniture Locale d’Entreposage d’Uranium de Retraitement” (FLEUR) Project: 

from safety requirements to optimised design principles, Y. Guegan (Orano, 

France) 

•  Application of the graded approach at Sellafield Ltd., A. Buchan (Sellafield Ltd, 

United Kingdom) 

•  Focus on the studies in support of fire safety analysis: IRSN fire modelling 

approach for nuclear fuel facilities, R. Meyrand (IRSN, France)  

This second session focused on experiences in the use of a graded approach in safety 

assessments in design, construction and licensing of fuel cycle facilities. The IAEA defines 

a graded approach as a process or method in which the stringency of the control measures 

and conditions to be applied are commensurate with the likelihood and possible 

consequences of and the level of risk associated with a loss of control (IAEA, 2018). This 

session had five presentations on the graded approach from the perspective of the regulator, 

technical support organisation and operator.   

1. The first presentation was from Mr Tom Hiltz, who discussed the use of the graded 

approach at the US Department of Energy. 

2. The second presentation was from Mr Frédéric Ledroit from the IRSN. His 

presentation discussed the graded approach from the regulatory and TSO 

perspectives. 

3. Mr Yves Guegan from Orano gave the third presentation, which concerned the 

FLEUR project and discussed how the graded approach is applied, from the safety 

requirements to optimised design principles. Mr Guegan described how Orano 

applied the graded approach in the design and analysis of a new storage facility. 

4. The fourth presentation was from Mr Andy Buchan from Sellafield Ltd, who 

discussed the application of the graded approach at Sellafield in the United 

Kingdom. 

5. The final presentation was from Mr Raphael Meyrand from the IRSN. He discussed 

the use of the graded approach in studies in support of fire safety analysis. 

Graded approach summary 

The US DOE, the IRSN and Sellafield Ltd all described very similar concepts and 

frameworks for use of the graded approach in technical reviews. This shows that there is 

agreement at a high level of what the graded approach is. At the conceptual level, the graded 

approach in technical reviews can be seen as mature and widely shared.  
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On the other hand, cultural challenges exist to the application of the graded approach as it 

requires acceptance of some amount of risk. Challenges and differences exist in the 

implementation of the graded approach by different countries. The extent to which the 

cultural aspect affects the graded approach is important.  

Moreover, the question was raised of how the regulator and the operator agree with the 

application of the graded approach. The question is particularly significant regarding the 

determination of what hazards are most significant to safety and risk. It requires acceptance 

of some amount of risk. Tolerance for risk can vary, so the DOE provided guidance for its 

application to help staff understand the approach and feel comfortable applying it. 

The following topics can be furthered explored either in additional workshops or 

bilateral/multilateral exchanges: 

• Possibility of looking at a more agreed upon methodology for graded approaches 

and the need to define clear rules with this approach. 

• Possibility of making specific measurements, such as of the dose to public, and 

making some quantitative criteria. 

• Future activity: development of a guidance document on use of graded approaches. 

• New CAPS: Exchanges between different countries about implementation of 

graded approaches. 

• How to integrate the guidance into countries’ cultures and how to communicate 

with the public. 

• Possibility of considering the wealth of safety criteria behind the graded approach. 

• Identifying barriers to implementing the graded approach (regulator and licensee) 

and proposing strategies for overcoming these. 

• Comparison of how the graded approach is carried out in different countries (send 

a questionnaire to countries as a starting point; expand on the IAEA document on 

the graded approach). 

• First activity: case study of different countries to find common ground from where 

to start. 

Note: there is a good mix of regulators and operators in this WGFCS.  

3.4. Session 3: Probabilistic approaches in safety assessments of FCFs 

e.g. identification of events and integrated risk-informed decision-making, 

application of the ALARA principle, etc. 

The third session was chaired by Ms Consuelo Alejano (Consejo de Seguridad Nuclear 

[CSN], Spain) and featured six presentations.  

• Intended IRSN probabilistic study developments for nuclear non-power facilities, 

A. Luciani (IRSN, France) 

• Expert system: a decision support tool for fire safety analysis in nuclear areas, W. 

Plumecocq (IRSN, France) 

• Integration of deterministic and probabilistic approaches to the safety assessment 

of the Juzbado Fuel Fabrication Facility, C. Alejano (CSN, Spain)  
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• Integration of deterministic and probabilistic safety assessments at the Juzbado Fuel 

Fabrication Plant: operator's perspective, A. Romano (Empresa Nacional del 

Uranio SA [ENUSA], Spain) 

• An example of risk-informed methodologies to support nuclear criticality safety: 

analysis of the pellet fabrication process at the Juzbado Plant, A. Romano (ENUSA, 

Spain) 

• The effects of inaccurate analyses on the selection of safety controls, M. Kotzalas 

(US NRC, United States) 

Session 3 promoted the exchange of information on the various probabilistic safety 

approaches of national regulators and operators of fuel cycle facilities, with a focus on 

recent development and assessments. 

The six presentations – two from the IRSN, as technical safety organisation (TSO) of the 

French regulator, two from ENUSA as operator of the Juzbado Fuel Fabrication Plant, and 

two from regulators, the US NRC and Spain’s CSN – gave an overview of how probabilistic 

approaches are understood, applied and integrated in the facility safety management 

system.  

There was a general consensus that the probabilistic assessment is a recognised tool for fuel 

cycle facility safety assessments, with very different application scopes, from use as a basic 

and unique facility safety assessment to its supplemental use in an environment of 

deterministic basic philosophy. The IRSN, the US NRC, ENUSA and the CSN described 

similar concepts but very different frameworks for the use of probabilistic approaches: 

• The IRSN has recently started applying this technique to FCFs, starting from the 

methods, tools and long experience gained in PSA for nuclear power plants, with 

the intention of developing successively probabilistic studies for three different 

FCF installations in close contact with operators (share of plant information). 

• In the framework of fire safety assessments, the IRSN has developed an expert 

system approach for the dynamic use of large databases as part of this analysis to 

help identify configurations that could increase the risk in particular scenarios. 

They consider it a new generation of computational tools in the field of probabilistic 

fire simulation, highlighting the importance of using probabilistic techniques in the 

determination of safety items in fire analysis. 

• The Juzbado fuel fabrication facility has improved its deterministic safety analysis 

with a full scope integrated safety analysis, as defined in US regulations, identifying 

new items relied on for safety. It is currently working on the integration process of 

the new assessment results in the safety management system of the facility. 

Regulator and operator perspectives were presented and a detailed example of the 

application of this risk-informed methodology to the pellet fabrication process, 

supporting nuclear criticality safety (NCS), was presented.  

• The US NRC described the effects of inaccurate analysis on the selection of safety 

controls, as a result of accumulated experience in the use of risk-informed 

assessments. This analysis must be supported by three fundamental pillars: 

complete and accurate analysis of the installation conditions, re-validation of the 

assumptions, and verification of the accident analysis using operating data. The 

presentation included recent real examples.   
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Among the main issues raised and discussed in the context of Session 3, the following 

should be highlighted: 

FCFs’ probabilistic safety analyses (PSAs) can be considered the base or a complement to 

deterministic safety analyses to make them more robust. However, following talks and 

discussions at the workshop, some challenges related to the use (methodologies 

development, application) of probabilistic safety assessments could be highlighted: 

• Need for strong development work of specific models for each installation and 

process (deep knowledge of the installation processes and data). 

• Need for statistical data that are reliable and updated, to allow parameter 

estimations for initiating events and component failures. Some participants even 

consider data reliability as the main FCFs’ probabilistic methodologies problem. 

• Need to integrate a PSA to build the safety envelope of the installation when it 

coexists with another safety analysis. 

• Very different degrees of development, application and implementation. For many 

countries, the application is at the beginning for FCF safety assessments. There is 

interest among some “newcomers” in the more advanced national approaches. 

• Importance of complete and accurate analyses of credible plant conditions to result 

in the identification and implementation of reliable safety controls (need to 

somehow validate the operator analysis methodologies).  

Some of these items could be furthered discussed in the framework of WGFCS 

activities. 

3.5. Session 4: FCFs’ operating life and evaluation of life extension, ageing 

management as part of the management system 

The fourth session was chaired by Mr Michel Guillard (IRSN, France) and featured three 

presentations on ageing management in participating countries.   

• Assessment of ageing management for nuclear fuel cycle facilities, B. Casoli 

(IRSN, France)  

• Management of periodic safety reviews (PSRs), inspection, ageing and life 

extension at Orano La Hague site, A. Genard and D. Scheehl (Orano, France)   

• Using an integrated safety analysis to identify critical infrastructure in need of 

ageing management, M. Kotzalas (US NRC, United States)  

The fourth session led to the following aspects being recognised:  

• Ageing management is considered a growing issue, and is viewed much more 

importantly than at the previous workshop in 2011. 

• Ageing management must be taken into account from the design of FCFs and must 

cover the later stages of life. 

• PSRs are the tools to check ageing management during operating life, the key issue 

being maintaining conformity. 

• Ageing management is a special concern for old facilities, especially when 

connected with loss of knowledge. 

• Research is another tool to understand the ageing phenomena and mechanisms. 
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Discussion on research activities necessary to support FCF ageing management 

programmes should continue in the WGFCS. 

3.6. Final panel discussions on sessions 

The panel discussion was chaired by Mr Mitsuhiro Takanashi (S/NRA/R, Japan) and 

Dr  Diego Escrig Forano (OECD/NEA) and the four panellists were Mr K. Mori (S/NRA/R, 

Japan), Ms M. Kotzalas (NRC, United States), Ms C. Alejano (CSN, Spain) and Mr M. 

Guillard (IRSN, France). 

The final panel discussion confirmed many of the topics recognised during the workshop 

sessions. It was agreed that the workshop presentations pointed out some difficult topics 

relating to the adaptation of nuclear power plant safety assessment techniques to nuclear 

fuel facilities, severe accident analysis, beyond-design basis analysis, probabilistic safety 

assessment analyses of accidents and their consequences and definitions of accepted risk 

by countries/societies and cultural challenges for application of graded approach. 

Safety assessment of FCFs including analysis of external events and design extension 

conditions 

During the presentations and discussions, the importance of having a clear high-level waste 

(HLW) disposal policy and a national strategy for its management was noted.  

Participants discussed the guidelines for safety improvement evaluation of nuclear FCFs. 

Regarding the US DOE nuclear safety framework, it was noted that the DOE has good 

communication and shares the safety conception with the US NRC. But the independence 

of the DOE is maintained. 

In the beyond-design basis analysis in the Spanish centralised waste storage facility (CSF), 

it was noted that: 

• The Spanish nuclear policy establishes the open cycle as the reference scenario. 

• The national strategy for the management of HLW, including spent fuel, aims for 

future disposal in a deep geological repository (DGR). 

• Meanwhile, the selected option in Spain consists of CSF for storage of any 

radioactive waste that cannot be disposed of.  

• During the licensing process of CSF, the regulatory body requested ENRESA 

implement the beyond-design-basis (BDB) analysis (design extension scenarios 

and severe conditions in the design and construction of the CSF) following lessons 

learnt from the Fukushima Daiichi accident.  

In Japan, in November 2013, after the Fukushima Daiichi accident, the NRA established 

"The Guideline for Periodic Safety Assessment of Continuous Improvement of Fuel 

Fabrication and Reprocessing Facilities”. 

In March 2019, the NRA established new guidelines for safety improvement evaluations 

for uranium fabrication facilities (“guidelines for uranium facilities”). 

Changes from the existing “guideline” in the “guidelines for uranium facilities” were 

described. 

When the “guidelines for uranium facilities” were revised, the NRA decided that risk 

evaluations and safety margin evaluations (stress tests) are not required for periodic safety 

assessments of continuous improvement because there are no SSCs important to safety in 

existing uranium fuel fabrication and enrichment facilities in Japan.  
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Use of graded approach: 

All the presentations described very similar concepts and frameworks for use of the graded 

approach in technical reviews. At the conceptual level, the graded approach in technical 

reviews can be seen as mature and widely shared. On the other hand, cultural challenges 

exist in the application of the graded approach, which requires acceptance of some amount 

of risk. Challenges and differences exist in the implementation of the graded approach by 

different countries. Taking into consideration how the cultural aspect affects the graded 

approach is very important. Moreover, the question was raised of how the regulator and the 

operator can agree on the application of the graded approach. The question is particularly 

significant regarding the determination of what hazards are most safety and risk significant. 

This topic can be furthered explored either in additional workshops or bilateral/multilateral 

exchanges. It was agreed that the topic can be furthered explored with a comparison of 

graded approach applications in different countries (first step to provide guidance and best 

practices). 

Probabilistic approaches: 

Probabilistic safety analysis (PSA) can be considered the basis or a complement to a 

deterministic “classic” safety analysis to make it more robust. The key issue is the 

collection of sufficient reliable data and updating those data. There is a need for strong 

development work of specific models for each installation and process (deep knowledge of 

the installation processes and data) and a need for statistical data to allow parameter 

estimations, both for initiating events and component failures. 

During the panel discussions, it was noted that when a PSA coexists with other safety 

analyses, there is a need to integrate it with those other safety analyses. Also, 

correspondence with nuclear power plant PSAs may not be the right path to follow. 

Complete and accurate analyses of credible plant conditions are important to identify and 

implement reliable safety controls (there is a need to somehow validate the operator 

analysis methodologies). 

Regarding data sets, the emphasis was put on collecting data to produce a reliable product 

(not only failure data but also population data). Before looking for data, it’s important to 

identify what they will improve with respect to risk knowledge. Some even consider 

reliability of data to be the main problem of probabilistic methodologies for fuel cycle 

facilities. If probabilistic assessment is integrated in the facility safety management system, 

detailed information on probabilistic failures is then not necessary. The value of probability 

can be enhanced with experience. 

Regarding the use of safety cases, a balanced use of data and careful design consideration 

were highlighted. 

The integration of deterministic and probabilistic elements (not full scope PSA, not in line 

with risks of these installations) is a good choice, with the goal being the understanding of 

the likelihood of severe events and releases. 

Due to their added value, it was agreed to continue exchanges on PSA approaches for FCFs 

during further work of the WGFCS. 

Ageing management: 

Ageing management was considered a growing issue. It was highlighted that ageing 

management must be taken into account from the design of FCFs and must cover the later 

stages of life. 
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Ageing management is a special concern for old facilities, especially when connected with 

the loss of knowledge. 

Periodic safety reviews (PSRs) are the recommended tool for reviewing ageing 

management during operating life, with the key issue being maintaining conformity. 

Another tool is research to understand the ageing phenomena and mechanisms.  

Discussion on research activities necessary to support ageing management should continue 

in the WGFCS. 

Furthermore, the importance of research and development (R&D) in support to safety 

assessments was recalled. Indeed, it is crucial to identify R&D needs sufficiently in 

advance (“longer-term anticipation”), taking into account the feedback from previous 

safety assessments (gaps to be identified), the operating experience from FCFs, the 

expected evolutions of the process or facilities, and technology and scientific monitoring. 

It’s also important to periodically highlight the main topics for which state-of-the-art or 

knowledge syntheses would be necessary to identify new research needs. 

3.7. Technical visit to the IRSN premises at Fontenay-aux-Roses 

The workshop ended on 9 October with a visit to the IRSN premises at Fontenay-aux-Roses 

near Paris, France. 

The group visited IRSN’s emergency response technical centre. The IRSN is responsible 

for advising at the technical level the ASN, the French regulatory body, in case of nuclear 

emergency. This centre monitors the status of France’s civil nuclear installations.  

During the visit, IRSN experts presented the modelling software tools and experimental 

platforms developed by the IRSN and used to support safety expertise of nuclear fuel 

facilities (dispersion of radioactive substances, fire, explosion, criticality). At the end of the 

visit, IRSN Director General Jean-Christophe Niel spoke to the participants. 
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4. Conclusions and recommendations 

The discussions and papers presented during the four technical sessions of the 2019 NEA 

workshop resulted in the following actions and recommendations: 

• There is a need to carefully identify the design extension conditions (DEC) specific 

to each fuel cycle facility (FCF), taking into account the lessons learnt from the 

Fukushima Daiichi accident, and include them in FCF safety assessments.   

• Although graded approaches for technical reviews are mature and widely applied, 

it is important that clear rules be established for their application to FCFs, including 

an agreed methodology that includes quantitative criteria with specific measures. 

• The NEA Working Group on Fuel Cycle Safety (WGFCS) identified the 

development of a guidance document on the use of a graded approach as a new 

CAPS. 

• Reliable and updated statistical data, both for initiating events and component 

failures, as well as a deep knowledge of the installation processes are instrumental 

in the FCFs’ accurate probabilistic analyses. Strong development of specific 

models is required. 

• It is important to develop complete and accurate analyses of credible plant 

conditions to identify and implement reliable safety controls. There is a need to 

somehow validate the operator analysis methodologies. 

• When having to redo the FCF safety envelope to integrate new probabilistic 

analyses, it is not enough to put additional analyses on top of the deterministic 

existing ones. It is always necessary to conduct a thorough revision of the whole 

safety assessments picture in the framework of the FCF safety management system. 

• Research and development (R&D) is considered key to understanding the SSC 

ageing mechanisms and phenomena. Identification of R&D activities to support 

ageing management programmes could be a topic for future WGFCS work.   

• FCF integrated safety analysis (ISA) is also an effective tool to identify critical 

infrastructure in need of ageing management: the effects of ageing are being 

actively identified and managed through items relied on for safety (IROFS) or 

safety controls and their critical safety infrastructure, i.e. the SSCs that support 

them. 
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Appendix 2 - Technical programme of the workshop 

International workshop on developments in safety assessment approaches and safety 

management practices of fuel cycle facilities 

7-8 October 2019 – OECD Conference Center, room CC6 

Day 1 

10:00 – 10:20  Opening session - Chairperson: M. Takanashi (S/NRA/R, Japan) 

  Welcome- Veronique Rouyer, NEA SAF head of division (NEA) 

  NEA objectives and goals for the workshop – D. Escrig Forano (NEA)  

10:20 – 10:50  Coffee break 

10:50 – 13:00  Session 1: Safety assessment of FCFs including analysis of external events 

and design extension conditions, chair: K. Mori (S/NRA/R, Japan)  

1.1 Overview of the DOE nuclear safety framework, T. Hiltz (US DOE, 

United States)  

1.2 Beyond-design-basis analysis in the Spanish SF & HLW centralised 

dry interim storage facility, F.Lentijo (ENRESA, Spain)   

1.3 Summary of guidelines for safety improvement evaluation of nuclear 

fuel fabrication facilities and spent fuel reprocessing facilities in Japan, 

A. Yamaguchi (S/NRA/R, Japan)  

1.4 Evaluating the resilience of nuclear facilities at Sellafield, A. Buchan 

(Sellafield Ltd, United Kingdom)  

1.5 Overview of studies conducted at JAEA on an evaporation to dryness 

accident of high-level liquid waste in a reprocessing plant, N. Yoshida 

(JAEA, Japan)  

1.6 Assessment of chemical hazards for nuclear fuel cycle facilities, Y. 

Hemimou (ASN, France) and J.P. Carreton (IRSN, France)  

13:00 – 14:00 Lunch break 

14:00 – 15:10  Session 2: Experiences in the use of a graded approach in safety 

assessments in design, construction and licensing of FCFs, chair: M. 

Kotzalas (NRC, United States) 

2.1 Graded approach of the DOE, T. Hiltz (US DOE, United States)  

2.2 Graded approach from the regulatory body/technical support 

organisation perspective, F. Ledroit (IRSN, France)  

2.3 FLEUR Project: from safety requirements to optimised design 

principles, Y. Guegan (ORANO, France)  

15:10 – 15:40  Coffee break 

15:40 – 16:30 2.4 Application of the graded approach at Sellafield Ltd., A. Buchan 

(Sellafield Ltd, United Kingdom)  

2.5 Focus on studies in support of fire safety analysis: IRSN fire modelling 

approach for nuclear fuel facilities, R. Meyrand (IRSN, France)  

16:30 – 17:00  Closing discussion of first day 
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Day 2 

9:30 – 10:00  Morning coffee 

10:00 – 12:20  Session 3: Probabilistic approaches in safety assessments of FCFs 

e.g. identification of events and integrated risk-informed decision-making, 

application of the ALARA principle, etc. Chair: C. Alejano (CSN, Spain) 

3.1 Intended IRSN probabilistic study developments for nuclear non-power 

facilities, A. Luciani (IRSN, France)  

3.2 Expert system: a decision support tool for fire safety analysis in the 

nuclear area, W. Plumecocq (IRSN, France)  

3.3 Integration of deterministic and probabilistic approaches to the safety 

assessment of the Juzbado Fuel Fabrication Facility, C. Alejano (CSN, 

Spain)  

3.4 Integration of deterministic and probabilistic safety assessments at the 

Juzbado Fuel Fabrication Plant: operator's perspective, A. Romano 

(ENUSA, Spain)  

3.5 An example of risk-informed methodologies to support nuclear 

criticality safety: analysis of the pellet fabrication process at the 

Juzbado plant, A. Romano (ENUSA, Spain)  

3.6 The effects of inaccurate analyses on the selection of safety controls, 

M. Kotzalas (US NRC, United States) 

12:20 – 13:20  Lunch break 

13:20 – 14:40 Session 4: FCFs’ operating life and evaluation of life extension, ageing 

management as a part of the management system, chair: M. Guillard 

(IRSN, France) 

4.1 Assessment of ageing management for nuclear fuel cycle facilities, B. 

Casoli (IRSN, France)  

4.2 Management of PSRs, inspection, ageing and life extension at Orano 

La Hague site, A. Genard and D. Scheehl (Orano, France)  

4.3 Using an integrated safety analysis to identify critical infrastructure in 

need of ageing management, A. Smith (US NRC, United States)  

14:40 – 15:10  Coffee break 

15:10 – 16:30  Final panel discussions, drawing of conclusions - chairs: all chairs, 

D. Escrig Forano (NEA Secretariat) 

Panel: Margie Kotzalas (US NRC, United States)  

Consuelo Alejano (CSN, Spain) 

Michel Guillard (IRSN, France) 

Kenji Mori (S/NRA/R, Japan) 

Takanashi Mitsuhiro (S/NRA/R, Japan)   

All the participants are expected to take part in the discussions and in the formulation of 

conclusions during and after the final panel session. 

16:30  Closing the workshop  
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9 October 2019 – Visit to IRSN premises at Fontenay-aux-Roses 

Presentation of IRSN activities in relation to safety expertise of FCFs. The schedule was 

as follows: 

9:30 – 10:00 Reception of visitors 

10:00 – 12:00 Guided tour of the new IRSN emergency response technical centre 

12:00 – 13:30 Lunch buffet 

13:30 –16:30 Presentation of modelling software tools and of experimental platforms 

developed by the IRSN, used to support safety expertise of nuclear fuel 

cycle facilities (dispersion of radioactive substances, fire, explosion, 

criticality). 

In addition, the IRSN Director General, Mr Jean-Christophe NIEL, wishes to address 

participants at the conclusion of the visit. 
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- for the upper tier category: at least once every five years and; 
- for the no Seveso and lower tier categories: at least once every ten years. 

2. THE ELEMENTS TO PROVIDE FOR THE SAFETY DEMONSTRATION LINKED 
TO NON-RADIOLOGICAL RISKS 

2.1. General principle of the safety demonstration involving dangerous chemicals 

For the contemplated incidents and accidents involving dangerous chemicals, the safety demonstration 
includes an assessment of the non-radiological potential consequences as shown on Figure 7. For each 
scenario, this assessment includes at least the information referred to in the second appendix of the 
Seveso Directive and in the order of the 7 February 2012 [2] to provide the safety demonstration. 

 

 

 

 

 

 

 

 

 

 

 

 

EIP* : Important Element for the Protection of public security, health and safety, nature 
and environment. That is to say a structure, an equipment, a system (programmed or not), 
hardware, a component or software present in a basic nuclear installation or placed under 
the responsibility of the licensee, fulfilling a function necessary for the demonstration 
mentioned. 

AIP**: Important Activity for the Protection of public security, health and safety, nature 
and environment. That is to say activities participating in the technical or organizational 
provisions. 

Non-radiological risks involving 
dangerous chemicals 

Radiological risks 

Fire Explosion Toxic emission 

Figure 7 : consequences linked to non-radiological risks involving dangerous chemicals 

Environment and health human 
consequences 

Pollution, death, injuries, damages on 
structures 

Damages on the EIP*/AIP** from 
the safety demonstration 

Domino effects 

Domino effects 

 

2.2. Minimum data and information to be considered in the safety demonstration 

According to Articles 3.2 and 3.3 of the order of the 7 february 2012 [2], the safety demonstration is 
demonstrated by a prudent deterministic approach. This procedure integrates the technical, 
organisational and human dimensions, and takes into account all the possible statuses of the installation, 
whether permanent or transient. In addition to the postulated single initiating events, the demonstration 
of safety addresses plausible situations of combined initiating events. The term deterministic means that 
the assessed scenarios are considered independently of their likelihood, which is not assessed [3]. 

The safety demonstration shall also include probabilistic analyses of accidents and their consequences, 
unless the licensee demonstrates that this is irrelevant. They integrate the technical, organisational and 
human dimensions. 

According to Article 3.7 of the order of the 7 february 2012 [2], for each scenario, this assessment 
includes: 
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- a presentation of the assumptions used in the release calculations and exposure scenarios ; the 
release calculation assumptions must be reasonably pessimistic and the exposure scenarios 
must be based on realistic parameters, but without considering any population protection 
actions that could be implemented by the public authorities; 

- an estimation of the effective doses and the intensity of the non-radiological phenomena to which 
persons and the environment could be exposed in the short, medium and long term, 
distinguishing the different age classes where necessary, and considering the different hazardous 
substance transfer pathways; the estimation includes equivalent doses to the thyroid in the event 
of radioactive substance releases that justify this; 

- an estimation of the extent of the areas likely to be affected;  
- for incidents or accidents having consequences outside the site, the kinetics of the development 

of the hazardous phenomena and the propagation of their effects. 

The intensity of the non-radiological hazardous phenomena is defined with respect to reference values 
expressed as toxic effects, overpressure effects, thermal effects, and effects associated with the impact of a 
projectile on humans and structures. The reference values to use are those figuring in appendix II of the 
order of 29 September 2005 [5] (Figure 8). 

The effect thresholds On human On structures 

Thermal radiation 8 kW/m2 or 

heat load of 1800(*) (kW/m2)4/3.s 

5 kW/m2 or 

heat load of 1000(*) (kW/m2)4/3.s 

3 kW/m2 or 

heat load of 600(*) (kW/m2)4/3.s 

200 kW/m2 : significant glass broken 

20 kW/m2 : concrete's performance in fire 
during several hours and most severe on 
concrete structures 

16 kW/m2 : most severe on structures, excluding 
the concrete structure 

8 kW/m2 : domino effect threshold and most 
severe on structures 

5 kW/m2 : significant glass broken  

Overpressure 200 mbar : first significant deaths (5%) 

140 mbar : first deaths (1%) 

50 mbar : first irreversible effects 

20 mbar  injuries caused by broken glass 

300 mbar : most severe on structures 

200 mbar : domino effect threshold 

140 mbar : severe on structures 

50 mbar : moderate damage 

20 mbar  significant glass broken 

Toxic dose Based on LC 5% and exposure time (passage of 
the cloud) - first significant deaths (5%) 

Based on LC 1% and exposure time (passage of 
the cloud) - first deaths (1%) 

Based on irreversible effects (first injuries) and 
exposure - first irreversible effects 

 

 

 

Some substances can have a double effect: radiological and non-radiological like uranium hexafluoride 
(UF6) to and from enrichment plants. Uranium is in the form of UF6, which has low levels of radioactivity, 
but significant chemical toxicity. So the safety demonstration has to provide for the both effects. In 
general, the reference value for the UF6 toxic dose is on Figure 9. 

Figure 8: the reference values 
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Concentration Time (minutes) 

 1 10 20 30 60 120 240 480 

First significant deaths (5%) 

ppm 

876 407 203 136 68 34 17 8 

First deaths (1%) 

ppm 

541 251 125 84 42 21 10 5 

First irreversible effects Unknown 150 Unknown 50 25 Unknown Unknown Unknown 

 

The assessment of the extent and severity of the consequences of identified major accidents have to 
include maps as shown on Figure 10. 

 
 

 

 

  

Figure 10: distances of overpressure effects 

140 mbar: first deaths (1%) 

50 mbar: first irreversible 
effects 

20 mbar: injuries caused by 
broken glass 

Figure 9: the reference values (www.ineris.fr) 
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3. THREE EXAMPLES OF NUCLEAR SAFETY ASSESSMENT 

3.1. Explosion hazards during the sintering stage of UOx and MOx fuel manufacturing 
processes 

UOx and MOx fuels assemblies are constituted by rods containing UO2 or [U-Pu]O2 pellets. During the 
manufacture process of these pellets, a sintering stage is necessary to improve the resistance of this fuel 
component.  

This stage is performed in furnaces (large ovens) and the principle of the sintering process is to put in 
contact green pellets (density around 3) with hydrogen at a temperature close to 1,700 °C. The gas and the 
metallic container containing pellets are circulating in counter current. 

Sintering furnace is divided into three zones: pre-sintering, sintering and cooling. 

Common features 

In order to prevent any explosion hazard, ingress of air inside the furnace must be avoided. To do that, 
the furnaces are operated under a light overpressure compared to the room.  

Pressure and oxygen content measurements are performed inside equipment and they are associated to 
automatic actions triggered by high or low thresholds, stopping supply in process gas. 

Furnace design takes into account the overpressure that could be generated by an explosion defined by 
deterministic methods. 

In case of an earthquake, specific systems that detect earthquake movements close process gas supply, 
outside the buildings. 

Different features 

Process gas: 

 UO2 process MOx process 

Sintering gas 75% H2 + N2 9% H2 + Ar 

Inerting gas 3,75% H2 + N2 Ar 

 

Containment: 

UO2 process MOx process 

Two static containment barriers Three static containment barriers 

Furnace under pressure when doors are closed Airtight furnace 

Automatic control of the entrance and exit gates 

Flame curtain at opening entrance or exit gate 

Entrance and exit equipped with airlocks allowing 
atmosphere change (process gas to nitrogen) 

Process gas released by two stacks  Process gas extracted directly by process ventilation 
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Process gas treatment: 

UO2 process MOx process 

A flare (torchère) burns process gas in each stack, using: 

- methane gas and 

- hot wire (also after an earthquake) 

Four steps: 

       Decantation 

       Filtration (metallic filter) 

       Cooling 

       Very high efficiency (VHE) filtration (2 filters in a 
row) 

Extraction hood above the two stacks and the doors: 
collection of combustion gas, dilution with the room air, 
VHE filtration and release in the building ventilation 
network. 

Release in the glove boxes ventilation network. 

 

 

Earthquake design: 

UO2 process MOx process 

Keeping location of the fissile material in order to avoid 
any criticality accident 

Leak tightness of furnaces including gas and ventilation 
pipes 

 

This is an example of the appliance of the graded approach depending on the radioactive material 
processed.  

3.2. On-site transportation of uranium hexafluoride 

On-site transport of radioactive material is mainly performed by road. Outside of the facility site, 
transportation activities are regulated by the European Agreement concerning the International Carriage 
of Dangerous Goods by Road (ADR). 

On-site transport activities include: 

 radioactive material transport activities performed within the facility site, outside of the buildings 
and storage pads and, 

 activities performed inside buildings and on storage pads and related to the safety of the transport 
(cask loading/unloading, handling of packages…). 

ADR does not apply to on-site transport. The French nuclear safety authority has published a guide n°34 
related to the safety of on-site transport activities. The safety analysis of on-site transportation activities 
must be developed mainly in the safety analysis report and the operating rules of the facility.  

Talking about UF6 on-site transportation, two specific cases are interesting: the transport of UF6 samples 
and of cylinders partially filled. 

Even if the mass of UF6 is low, samples are conditioned in specific cylinders for their transportation 
between industrial facilities and laboratories: mainly in metallic bottles type 1S or 2S (norm ANSI N14.12 
or ISO71953) containing between 100 and 2,200 grams of UF6, loaded in a packaging agreed for 

                                                      

2 American National Standard ANSI N14.1 “Uranium Hexafluoride – Packaging for Transport” (2012 

edition). 

3 International Standard ISO 7195 “Packaging of uranium hexafluoride (UF6) for transport” (2005 edition). 
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transportation (container, drum…) that ensures protection of the bottle. The vehicle used is a common 
car, equipped with stowage tools and adequate signaling; the car speed is limited to 30 km/h. 

The main cylinders used for UF6 transportation are 30B and 48Y cylinders. Concerning the shipment of 
enriched UF6, the package designs used for public transport consist in general of a filled 30B cylinder 
surrounded by an overpack. These cylinders can be transported full (within the limits of 2,277 kg of UF6 
for 30B cylinder and 12,501 kg for 48Y cylinders), partially full, or empty (containing only heels).  

A specific fire test (800 °C during 15 minutes) has been defined by the licensee. Criteria associated to this 
test applicable to all cylinders are: 

 mechanical stresses on the cylinder wall must be lower than the ultimate strength of the steel 
used, 

 pressure in the cylinder must not overcome pressure of the critical point of UF6 (233 °C and 
46,6 bars) in order to avoid reaching a super-critical phase of UF6 which properties are difficult to 
be modeled. 

Partially filled cylinders are sometimes transported on-site, between enrichment plants and storage pads. 
They could contain from 150 to 6,250 kg of UF6 (48”) or from some kg to 450 kg (30B).  

Due to this limited mass of material, the thermal inertia is low and the pressure increase during a fire is 
greater than in a full cylinder. As a consequence, the criteria could be not always respected. 

Licensees have defined specific dispositions to compensate this issue: a vehicle with fire extinguishing 
means escorts the transport on a predetermined itinerary on which no other circulation is permitted.  

3.3. Corrosion of fission product solution concentrator 

Two reprocessing plants are located on the La Hague site. After partitioning of uranium and plutonium, 
the solutions containing fission products and actinides are concentrated then stored before being 
transferred to the vitrification facility for conditioning under the form of vitrified solid waste. 
Concentration of fission product (FP) solutions is performed within three FP evaporators in each plant.  

Measurements of thickness of equipment walls by ultrasounds, performed during the periodic safety 
reassessment of the plant in 2012 pointed out a generalized corrosion greater than expected. Other 
measure campaigns, at the end of 2014 and in 2015, confirmed the phenomena. Orano explained the high 
corrosion rate making two main hypotheses: 

 presence of more important than expected fluoride anions; 

 presence of deposit on the boiler walls leading to the creation of hot spots. 

IRSN assessed the impact of this corrosion on the facility safety and concluded that: 

 an annual surveillance program should be implemented, 

 containment of FP solutions in case of accidental situations (worst case: leak of FP solution and 

of overheated water in the cell) should be improved. 

On the 23rd of June 2016, the nuclear safety authority (ASN) sent to the licensee a decision (Décision n° 
2016-DC-0559) with requirements related to: 

 the monitoring of the corrosion phenomena; 

 the reduction of the phenomena by limiting the operating pressure, temperature and fluorine 

content, and by periodic rinsing; 

 the detection and mitigation of accidental situations. 

End of 2016, an overheated water leakage was detected on two different evaporators and repairs were 
made. 
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In parallel to the implementation of these improvements, Orano decided to replace the evaporators and 
started the construction of two new concentration workshops, one for each plant.  

Assessing the design options of these new workshops, IRSN considered that:  

 in order to perform US measurements and visual controls, the whole external surface of the 

evaporators shall be accessible, especially the surface located under the liquid level; 

 the inspection of the internal surface of the boilers shall be possible in order to monitor the 

deposit formation; 

 the volume of overheated water, and the consecutive overpressure, that could leak in the 

evaporator cell shall be reduced in order to minimize the consequences on the ventilation filters 

of the second static containment barrier.  

This corrosion issue is an example of the ageing effect related to chemical action in a fuel cycle facility and 
it underlines the importance of a surveillance programme implemented from the beginning of the 
operation.  
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Abstract 

 

Safety approach for fuel cycle facilities has to be adapted to the diversity of risks met in those 

facilities and of their origins, as well as the importance of the consequences that may result from 

accidental situations. 

From the Regulatory body and Technical support organization perspective, the use of graded 

approach could be illustrated in three areas: the categorization of nuclear facilities, the licensing 

process and the extent and depth of the safety assessment performed in support to the regulatory 

decision-making. 

In the French regulatory framework, the nuclear safety authority (ASN) defined in 2015 three 

categories of basic nuclear installations taking into account several criteria such as the quantity and 

type of radioactive material used, the existence of an off-site emergency plan, and the implementation 

of a “hardened safety core” following post-Fukushima stress tests. Based on these categories, ASN 

adapts its inspection program. 

The licensing process as established in the French regulatory framework differs in terms of 

actors and steps depending on the nature of the authorization or license to be issued.  

In support to the regulatory decision-making, IRSN performs while requested by ASN a safety 

assessment of the documents submitted by the operator. The first step of this assessment is the 

preliminary review which aims at confirming the sufficiency and the relevance of the documents, and 

at defining the topics to be evaluated, the depth of the expertise (level of detail) and the specialists to 

be involved. Hence, the preliminary review could be seen as a graded approach for the assessment. 
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1. INTRODUCTION 

The typology of the risks met in nuclear fuel cycle facilities is quite different from those 

encountered in nuclear power plants. These varied risks depend on radionuclide types, processes and 

chemical products used. Indeed fuel cycle facilities involve various nuclear materials under dispersible 

form (powder, gas, solution) and various processes using different chemical regents (HNO3, HF…). In 

addition, each facility is “unique”. 

For example, in plants handling uranium hexafluoride (UF6), criticality hazards should be 

considered, when uranium is enriched to more than 1% in isotope 235, as well as chemical toxicity 

hazards of uranium and hydrofluoric acid. In plants handling plutonium and spent fuels, all hazards 

related to the use of irradiating material with strong radiotoxicity should be considered such as release 

of radioactive material, exposure to ionizing radiation, criticality, corrosion, explosion due to 

radiolysis products, and equipment or material degradation caused by radioactive material heat. 

Therefore safety approach for fuel cycle facilities has to be adapted to the diversity of risks and 

of their origins, as well as the importance of the consequences that may result from accidental 

situations. As a result, safety and radiation protection related measures are defined case-by-case, 

following essentially a deterministic approach with the application of the “defence in depth” principle 

and using the optimization approach for radiation protection. 

 

In the IAEA safety glossary [1], the two following recommended definitions of graded approach 

are provided: 

 “For a system of control, such as a regulatory system or a safety system, a process or 

method in which the stringency of the control measures and conditions to be applied is 

commensurate, to the extent practicable, with the likelihood and possible consequences 

of, and the level of risk associated with, a loss of control; 

 An application of safety requirements that is commensurate with the characteristics of 

the facilities and activities or the source and with the magnitude and likelihood of the 

exposures.” 

 

The use of the graded approach is more often illustrated from the operator’s perspective while 

developing the safety case and safety assessment. The purpose of the present paper is thus to illustrate 

the use of the graded approach both from the regulatory body and the technical support organization 

perspectives. 

This could be illustrated in three areas: the categorization of nuclear facilities, the licensing 

process and the extent and depth of the safety expertise performed in support to the regulatory 

decision-making. 



2. CLASSIFICATION OF NUCLEAR FACILITIES 

In the French regulatory framework, the term “basic nuclear installations” (BNI) refers to 

installations which are subject, due to their nature or to the quantity or activity of the radioactive 

substances they contain, to particular provisions in order to protect the general public and the 

environment. 

Basic nuclear installations cover a wide range of facilities such as nuclear power reactors, 

research reactors, particle accelerators, nuclear fuel manufacturing plants, spent fuel reprocessing 

plants, research laboratories, radioactive waste processing/storage facilities or disposal of radioactive 

waste. 

Those facilities are classified as BNI from their creation to the end of their decommissioning. 

 

In the French regulatory framework, the competent ministers established in 2012 the order of 

7 February 2012 setting the general rules relative to basic nuclear installations [2]. In this order, 

graded approach is introduced as a general provision in the first article (article 1.1) where it is stated 

that application of the general rules “is based on an approach that is proportional to the extent of the 

risks or drawbacks inherent to the installation”. 

 

In addition, the nuclear safety authority issued on 29 September 2015 a statutory resolution 

establishing a categorization of basic nuclear installations with regards to the risks or drawbacks 

inherent to them. Thus, three categories of BNI were defined taking into account several criteria such 

as the quantity and type of radioactive material used, the existence of an off-site emergency plan, and 

the implementation of a “hardened safety core1” following post-Fukushima stress tests. Most of the 

nuclear fuel cycle facilities belongs to Category 1 (the highest) BNI. 

These categories are, for example, used by the nuclear safety authority to enhance the control 

efficiency using a graded approach. Therefore the inspection program is adapted taking into account 

the category of the different BNIs (e.g. up to 10 inspections per year for category 1 whereas one 

inspection per year for category 3). 

 

                                                 
1 The concept of “hardened safety core” aims to create structures and equipment able to withstand extreme 

events and perform functions that are vital to the safety of the facility. The aim is to provide the equipment 

necessary for controlling the safety functions with protection from hazards, more specifically those greater than 

the hazards adopted for the general design of the facility, in order to ensure ultimate protection of the facilities 

against them. 



3. LICENSING PROCESS 

The licensing process, as established in the French regulatory framework in particular in the 

Environment Code, differs in terms of actors to be involved in and in terms of steps depending on the 

nature of the authorization or license to be issued.  

 

The lifecycle of a basic nuclear installation is composed of a series of stages starting from the 

design up to the decommissioning of the installation. During this lifetime, the BNI licensing comprises 

two ministerial decrees respectively issued for the creation and the decommissioning, as well as other 

authorizations or opinions delivered by the nuclear safety authority as illustrated on the Figure 1. 

 

 

Figure 1: Licensing process over the lifecycle of French basic nuclear installations 

 

Thus, when the authorization results in a decree, mostly in case of the creation of a basic nuclear 

installation or for its decommissioning, the licensing process is complex and involves several actors 

and stakeholders. In that case, the process could last up to three years. The Figure 2 illustrates the 

licensing process relative to the creation of a basic nuclear installation. 



 

Figure 2: Licensing process for the creation of a basic nuclear installation 

 

Regarding the modification of the license conditions, the French regulatory framework 

stipulates several types of licensing process depending on the nature and/or the safety significance of 

the modification.  

In case of significant modification or for example in case of change of the operator of the basic 

nuclear installation, this licensing process is similar to the one above-described related to the issuing 

of a Decree and thus lasts up to three years as well.  

For modifications with safety significance of less importance, the licensing process results in a 

statutory resolution issued by the nuclear safety authority. This process is shorter in terms of duration 

and lasts usually from six to twelve months. 

License modifications of minor safety significance could be authorized directly by the operator 

following the process established in his integrated management system and approved by the nuclear 

safety authority (in that case the modification should be declared to the nuclear safety authority). 

 



4. GRADED APPROACH WHILE REVIEWING THE SAFETY APPLICATION 

In support to the regulatory decision-making, IRSN performs while requested by ASN an 

assessment of the safety documents submitted by the operator.  

The assessment process established in IRSN comprises different phases as shown in the figure 

3. 

 

Figure 3: Steps of the IRSN assessment 

 

The first of them is the preparation phase (see Figure 4) which consists at first in sorting the 

safety applications submitted by operators in order to focus only on safety applications with relevant 

safety issues. Then, for those safety applications that are considered as relevant, the preliminary 

review starts. In parallel, the nuclear safety authority and IRSN initiate technical dialogue on the 

request for an assessment drafted by the nuclear safety authority.  

This preliminary review aims at confirming the sufficiency and the relevance of the documents, 

and at defining the assessment perimeter. This perimeter comprises the topics to be evaluated, the 

depth of the assessment (level of detail) and the contributors (specialists) to be involved.  



 

Figure 4: Content of the Preparation step of an assessment 

The objectives of this appraisal are to answer the following questions: 

 Is the safety issue important? 

 Is the societal issue important? 

 How many resources should be involved in the assessment work? 

 

The preliminary review also aims at reducing the risk of late identification of items that can 

compromise the conduct of the assessment. 

 

This preliminary review is required in the IRSN management system in application of the so-

called “principle of efficiency” which intends to optimize the assessment resources and to provide 

efforts adapted to the safety issues. 

 

Once the preliminary review is achieved and the request for an assessment is released by the 

nuclear safety authority, IRSN assessment continues with the implementation of the review of the 

safety documents submitted by the operator. For this step as well as all other steps up to the delivery of 

the IRSN advice, the assessment strategy resulting from the preliminary review is implemented. 

 

Hence, the preliminary review and the following steps for the assessment could be seen as an 

illustration of the use of graded approach from the technical support organization side. 
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According to the INB decision, projects incorporate the principle of using “proportionated to 
the safety stakes” measures, which involves ensuring that technical, financial or 
organizational decisions are made in a way that is consistent with the scale of the risks and 
their consequences and challenges of the facility concerned. Nuclear safety is incorporated 
specially during the design phase according to three essential pillars: safety assessment, 
identification and analysis of the different operating situations, and breakdown of safety 
requirements. One recent and complete illustration of this approach is “FLEUR” project. The 
function of this plant is the storage of U3O8 produced by the TU5 facility following the 
processing of uranyl nitrate from La Hague.  For this project, Tricastin site worked with the 
safety department and the design department on a joint “nuclear safety/design” initiative to 
guide designers in optimizing the incorporation of external industrial hazards into facility 
design, maintaining a high level of safety formalized in a consistent safety case, taking into 
account also environmental and physical protection conditions. From the earliest preliminary 
design stages to the finalization of the detailed design, joint work between the facility 
operator, project owner, plant safety section and engineering office made it possible to agree 
on the optimized design solution of a metal-framed building. Through this approach, the 
mass of the metal frame of each building could be reduced from 819 tons at the preliminary 
design stage to 262 tons at the end of the detailed design phase. 

 
 
 

I. INB regulation and safety approach 
 
The Basic Nuclear Facilities (INB) are governed by the Environment Code and implementing decrees and 
ASN decisions. The creation of a Basic Nuclear Facility is subject to authorization issued by decree of the 
Prime Minister taken after advice from the Nuclear Safety Authority (ASN) and public inquiry. The 
operator filewith with nuclear safety ministers and the Nuclear Safety Authority an application for 
permission creation accompanied by a dossier demonstrating the provisions envisaged to limit or reduce 
the risks and disadvantages on public safety, health and nuclear safety and the protection of nature and 
environment. 
 
According to the INB decision, projects incorporate the principle of using “proportionated to the safety 
stakes” measures, which involves ensuring that technical, financial or organizational decisions are made 
in a way that is consistent with the scale of the risks and their consequences and challenges of the facility 
concerned. 
 
Nuclear safety is incorporated during the design phase according to three essential pillars: 

• The safety analysis: this analysis must be performed before the main technical decisions are 
made, with the integration of the general safety objectives selected for the project. It involves 
assessing the various lines of defense in depth for the processes, which have different safety 
requirements depending on the operating phase of the facility. 

• The identification of the different operating situations, in line with the safety objectives 
selected for the project: this stage includes the definition of the identified hazards (natural and 
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industrial), their level (normal or accidental) and the rules for incorporating them into the design 
of the facility. 

• The breakdown of the safety requirements applied to the systems, structures and components: 
this principally includes the operational application of the safety requirements in terms of 
behavioral requirements (functional or environmental) and analysis criteria, in accordance with 
the selected design regulations 
 

II. Tricastin site and Fleur project 
 

Orano Tricastin, located in the departments of Drôme and Vaucluse, is a reference industrial platform, 
with nearly 60 years of know-how. It encompasses all the chemical (conversion, defluoration and 
denitration) and enrichment activities of uranium. These industrial uranium purification and enrichment 
activities including storage of uranium in various forms precede the final stage of nuclear fuel 
manufacturing. 
 
 

 
 
 

 
 

 
 
 

 
More than 5 billion euros have been invested in the last 10 years by Orano on this platform, to renew its 
industrial tool. These investments significantly enhance the safety of industrial operations and meet the 
highest standards of safety and limiting the environmental footprint. 
 
Existing reprocessing uranium storages on the Orano Tricastin platform are reaching saturation by 2021. 
It is therefore necessary to develop new storage capacity, in optimal safety conditions and in the respect 
of the environment. Thus the FLEUR project aims to provide a solution to the problem of saturation by 
creating an new INB. 

 
The main function of this facility is the storage of packaging containing radioactive substances. The 
future storage facility will comprise: 

i. storage buildings (metal frames and cladding), 
ii. an earth dike providing biological protection, 

iii. a storm-water basin, 
iv. a perimeter fence and gate, contributing to protection. 

 
FLEUR INB is located in the heart of a set of storage parks on the Orano Tricastin platform. 

Tricastin 
Orano
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The general approach to controlling risks is to: Identify potential risks, analyze them to identify possible 
causes and possible consequences and define provisions to control every risk. This approach leads to the 
sizing of buildings in different configurations of operation and accidents. 
 
The safety functions that must be performed in the facility are protecting people and the environment 
from ionizing radiation and containment of radioactive substances. 
 
Control of protection against ionizing radiation is ensured by optimized barriers : 

- depleted uranium oxide containers: simple and opportunistic barrier 
- earthy earth dike: simple and robust barrier 

Control of containment is provided by : 
- a single static containment barrier formed by the wall of containers containing uranium oxide 
- the civil engineering structure providing the enclosure and cover.  

 
This structure should not be a source of aggression from the first barrier under an accidental load : its 
sizing is based on taking into account certain hazards with a conservative approach (elastic linear 
conservative modeling) and other hazards with a realistic approach admitting incursions into the plastic 
field (non-linear realistic modeling). 
 
The absence of cliff effects is verified for exceptional loads. In this case, the protection is based  on 
technical measures already in place and on organizational measures to limit the consequences. 
 
The risks taken into account in the sizing of the installation and the buildings that make up it are : 

- Nuclear risks, which correspond to the characteristics of radioactive substances present in the 
installation : 

o release of radioactive substances,  
o exposure to ionizing radiation; 

- Non-nuclear risks of domestic origin, which correspond to other phenomena that can be initiated 
in the installation : 

o collisions and load falls (handling),  
o fire,  
o use and loss of power supply,  
o ageing,  
o human and organization factors, 
o cumulative internal events, 

- Non-nuclear risks of external origin, for situations initiated by the INB environment : 
o industrial environment and communication channels,  
o plane crash,  
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o earthquake, 
o extreme weather conditions, 
o external fire, 
o external flooding, 
o cumulative external events. 
 

III. Applying the approach to storage buildings 
 
The installation consists of four buildings of identical configuration, 65 m long and 47 m wide and a 
height of 11.70 m. The surface area of a building is in the order of 3,000 sqm. The buildings consist of a 
metal frame, blanket and cladding. 
 
The fundamental requirement applied to the structure is summarized as follow: the structure shall be 
designed, constructed and maintained in such a way that it is suited for its use during the design working 
life and in an economic way. Concerning nuclear facilities, that includes all the accidental situations in 
particular extreme natural conditions (earthquake, flood, extreme wind …) and industrial hazards 
(explosion …). 
 
Based on this fundamental requirement, the design of the steelwork structure is done according to the 
usual design process for civil structures: 
 

 
 
 
Classification of the structure regarding the level of risk 
 
For dimensioning, the steelwork frames, as the structure shall not be an aggressor of safety functions, the 
hazards taken into account in the safety baseline are to be identified and characterized; in parallel, the 
structural calculation methods have to be defined in the consistency with the level of risk: 

• Climatic hazard = conservative approach, 
• Seismic hazard = conservative approach, 
• Industrial hazard = realistic approach, allowing non-linear approach; this approach was 

considered as a result of low probability of the corresponding event. 
 
  

Classification of the structure

regarding the level of risk

Loading Conditions

Mechanical Behavior Requirements

(criteria levels, limit states)

Safety Requirements

Design & Computation

Mechanical Analysis

acc. to a design code

1

3
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Loading conditions 
 
At this step, all the accidental loads are defined in the context of the selected design rules, Eurocode 
norms. In parallel, the accompanying variable actions are also defined, for integration in the load 
combination. 
 

Accidental wind load 
• Definition of load > a static pressure of 190 daN/m² (AW) 
• Load combination: 

 

 

 
Accidental seismic load 

• Response spectrum of Tricastin site 
 

 

• Load combination: 
 

 
 
  



 
Accidental explosion load 

• Accidental explosion: as a realistic approach is considered, the explosion load is modeled 
as a dynamic pressure wave, considering reflection effect (acc. To UFC guideline) and 
propagation effect all along the structure (side walls and roof) including the deflagration 
celerity of the wave 

 

 
Incident pressure wave 

 
 

 
 

UFC / fig. 2-191 

 

 
Safety requirements 
The requirements the steelwork structure shall verify are: 

• ‘global stability’ of the building, 
• ‘no interaction’ between the building and the drums. 

 
The safety requirements are ‘translated’ into mechanical criteria (like limit states) within the Eurocode 
design code. 
 
  



 
IV. Non-linear dynamic model – A focus 

 
Steelwork structure 3D-model 
 

 
 
 
Material behavior law 
 

 
 
  



 
Explosion load (reflected pressure wave + side wall/roof propagating wave) 
 

 
 
 
Main results / explosion in X direction 
 

• Maximal displacement (at t = 302 ms) 
 

 
 

• Stress analysis (maximal plastic strain ~ 1 %) 
 

 
 



 
Conclusion 
The steelwork structure globally remains in the elastic domain; all the safety requirements being fulfilled: 

• ‘global stability’ of the building, 
• ‘no interaction’ between the building and the drums. 

 
 

V. Lessons learned 
 
The mains lesson of the ‘Proportional Safety’ principle should be presented by considering two project 
parameters: 

1. The layout concept, defining the capacity of the storage 
2. The technology considered for the construction of the structural steelwork, impacting the mass of 

the structure 
 
At the conceptual design phase, a conservative design approach was considered (in particular a static 
calculation of the structure): 

• A ‘lengthwise’ layout (23 m x 102 m), giving a capacity of 33 536 containers 
• A technology based on ‘welded plate’ girder (structural steelwork mass = 819 ton) 

 
An optimization was done during the basic design phase, keeping the conservative design approach: 

• A more ‘compact’ layout (65 m x 46 m), giving a capacity of 44 416 containers 
• A technology based on ‘rolled’ girder (structural steelwork mass = 675 ton) 

 
At the detailed design phase, it was decided to apply the ‘Proportional Safety’ principle, considering a 
realistic design approach (in particular a non-linear modeling, including a time pressure wave, for external 
explosion analysis) 

• The same ‘compact’ layout defined during the basic design step (a small additional optimization 
giving a capacity of 45 824 containers) 

• A technology based on ‘lattice’ girder (structural steelwork mass = 262 ton) 
 
  



With the same level of safety, the ‘Proportional Safety’ principle enables an major optimization of  the 
design (see synthesis chart below). 
 
 

 
 
 
 

VI. Conclusion 
 
In order to enable the nuclear industry to continue its development, combining ambitious safety objectives 
with industrial and economic issues, the principle of proportionality is a key tool. 
 
The translation of the ‘Proportionate Safety’ principle is natural and evident: a ‘Low Risk’ plant should 
not be designed as a ‘High Risk’ one 
 
As an important objective, the ‘Proportionate Safety’ principle should be promoted, for new projects, in 
the design rules and safety regulations, keeping in mind that it forced to think differently by using 
optimized design methods and realistic non-linear computation approaches. 
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Figure 4: Unanalyzed condition in Facility A - Non-routine maintenance on components common to all 

process areas. 

 

 

Figure 5: Unanalyzed condition in Facility B - Non-routine maintenance either specific to or on 

components common to all process areas. 

 



III. Unchallenged Technical Assumptions and their Effects on Regulatory Licensing and 

Oversight 

In addition to events involving unanalyzed facility conditions, the USNRC FC OpE analysis identified 

events driven by technical assumptions that neither the licensee nor the regulator challenged.  These 

technical assumptions were fundamental in nature, i.e., their declaration automatically excluded the 

possibility of certain types of accidents.  In general, these unchallenged technical assumptions included: 

 No or limited presence of moderator; 

 A limit on the concentration of reactive material; 

 No or very limited changes in the geometry of vessels or areas containing reactive material, e.g., 

the volume of a tank could not change, and  

 No alternate flow paths for reactive material to flow. 

Figures 6 and 7 illustrate generic effects of propagating unchallenged assumptions from the safety 

program to the process areas.  Figure 6 shows Facility A after assuming certain criticality assumptions 

like no presence of moderator or a limit on the concentration of fissile material.  Once the assumption is 

incorporated into the safety program, it can be transmitted to all process areas involving criticality 

hazards.  In the case of Figure 6, because of these criticality assumptions, the results of a hazards analysis 

could determine that no additional criticality safety controls are needed in any or some part of each 

process area.  In any case, all process areas could be left without adequate safety controls.  The generic 

effects of propagation in Figure 7 are similar because of the fundamental nature of incorporating 

unchallenged assumptions in a safety program.  The specific effects, however, may be more significant.  

Unlike Figure 6, should a criticality occur in one process area because of a lack of adequate safety 

controls, it is less likely that the resulting damage could be contained only to that area. 

Information Notice 2018-05, as discussed in Section II, is an actual example of the importance of 

challenging technical assumptions.  A more complex example is discussed in IN 2016-03, “Uranium 

Accumulation in Fuel Cycle Facility Ventilation and Scrubber Systems.”  This IN discusses the details of 

an event where, over time, a licensee did not closely monitor changes to its ventilation and scrubber 

system (United States Nuclear Regulatory Commission, 2016).  Generally, it would be expected that these 

changes would have been controlled through a quality assurance program, specifically configuration 

management.  However, fundamental to the failure of configuration management was an assumption that 

the concentration of uranium was low and could not exceed a specified weight limit.  This assumption led 

the licensee to determine that the system was low risk in terms of criticality safety.  Eventually, the 

changes to the ventilation and scrubber system were significant enough to result in large accumulations of 



uranium-bearing material in unexpected locations with geometry that could facilitate a criticality, i.e. 

unfavorable geometry.  Again, because of the assumption of low uranium concentration, at times, licensee 

personnel would use water, a moderator, in an attempt to wash away the accumulation.  After the licensee 

discovered in the scrubber insoluble material containing approximately 87 kg of uranium, the process was 

finally shut down and evaluated.  That amount of material far exceeded the limit the safety program had 

established via its technical analyses.  Not only was the safety limit on the amount of material surpassed, 

a chemical analysis revealed that the concentration of uranium far exceeded the assumed concentration.  

Although the licensee was able to safely shut down the process, this event was still significant given the 

risk of criticality.   

Another facet of this example is the licensee’s failure to use operating experience to re-validate its 

assumptions on system performance.  There were several instances where licensee personnel discovered 

unexpected accumulations of material in parts of the system with unfavorable geometry.  Although the 

amounts discovered were technically below the established safety limit, they were still substantial, and the 

licensee did not challenge its original assumptions regarding concentration or weight.  Furthermore, when 

the results of one safety analysis suggested that the concentration of uranium could exceed the assumed 

safety limit, the licensee dismissed the results.  When system performance and operating experience 

indicated that initial technical assumptions may not have been valid, the licensee did not take the 

opportunity to re-validate those assumptions.   

This example also demonstrates the propagation of unchallenged technical analyses through regulatory 

licensing and oversight programs.  The USNRC has two programs, licensing and oversight, that work 

together to verify a fuel cycle licensee is operating safely in compliance with USNRC regulations.  

Essentially, the licensing program reviews applications to possess and produce nuclear material, while the 

oversight program verifies, through inspection, that applications are being implemented as intended.  

Harrison and Smith discuss the propagation of errors from unchallenged technical assumptions through 

these programs (Harrison & Smith, 2018).  Specifically, Harrison and Smith outline key regulatory 

vulnerabilities that can lead to an event.  Licensing program vulnerabilities are rooted in the initial 

credibility given to the technical analyses the licensee reports in its application.  Applying too much credit 

to the accuracy of the technical analyses or the validity of the underlying assumptions can expose other 

vulnerabilities.  Those vulnerabilities may include: 

 An over-reliance on the licensee’s technical analyses to prioritize and define the scope of the 

review and  

 No verification of the licensee’s technical assumptions underlying the technical analyses. 



Vulnerabilities in the licensing program can affect the oversight program should inspections over-rely on 

the results of the licensing review to plan for inspections.  As Figure 8 shows, when technical 

assumptions are unchallenged in the licensing and oversight programs of either the licensee or regulator, 

the conditions are set for an event to occur. 

 

Figure 6: Processes in Facility A that may be affected from criticality assumptions made in the safety 

program 



 

Figure 7: Processes in Facility B that may be affected from criticality assumptions made in the safety 

program. 

 

 

 

Figure 8: Regulatory domino-effect of unchallenged technical assumptions in a safety analysis. 



Harrison and Smith apply the example from Information Notice 2016-03 to demonstrate the propagation 

of unchallenged technical analyses through regulatory licensing and oversight programs.  Harrison and 

Smith discuss the results of a lessons learned activity the USNRC conducted after the event described in 

IN 2016-03 (United States Nuclear Regulatory Commission, 2017).  The results showed that USNRC 

license review guidance does not establish a level of review nor provides specific guidance for reviewing 

processes and systems the licensee determines are low risk. This lack of guidance resulted in license 

reviewers not reviewing the ventilation and scrubber system in any depth, including no challenge to the 

assumption of low uranium concentration. Furthermore, because the licensee determined the system to be 

low risk, the USNRC did not consider this system for detailed inspection. Several inspectors noted that 

had the system been part of a detailed inspection, it is likely that the inspectors would have identified the 

licensee’s deficiencies. 

IV. Conclusions 

 

The authors discussed lessons learned from an analysis of recent USNRC FC OpE events.  Through 

generic models and specific examples, the authors demonstrated these lessons learned and emphasized 

their generic applicability to the fuel cycle industry.  Of particular importance is the complete and 

accurate analysis of facility conditions, re-validation of technical assumptions and the verification of 

accident analyses through operational data.   

For all the events described in Sections II and III, licensees addressed the issues identified through their 

corrective action programs under the oversight of the USNRC.  Corrective actions included re-evaluations 

of the systems in question, along with implementing new safety controls.  Licensees also conducted 

extent of condition investigations to explore the generic impact of those events on other systems in their 

facilities.   

Also, for the events discussed in Sections II and III, the USNRC took regulatory action to ensure 

licensees continued safe operations and complied with the regulations.  These actions included 

supplemental and reactive inspections and the issuance of orders and violations.  The information notices 

cited in Sections II and III further illustrate the USNRC FC OpE Program’s mandate to share information 

with the industry, including recommendations to prevent reoccurrence.  Those recommendations 

included: 

 Challenging assumptions to verify their bases,  

 Investigating system dependencies to ensure that selected safety controls take those 

dependencies into consideration; 



 Ensuring equipment and manual actions are capable of achieving the intended function; 

 Critically reviewing analyses, assumptions, bases when planning and implementing changes 

to the facility, and 

 Periodically re-verifying analyses and assumptions with operational data. 

Furthermore, given that the USNRC pursues its mission on a platform of continuous improvement, the 

lessons learned activity discussed in Section III yielded recommendations that are being enacted to 

improve licensing and oversight programs, including the revision of guidance for license review and 

inspection planning.   
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In France, the question of nuclear facilities ageing is increasingly the subject of discussion during 

safety assessments, because many facilities have now been operating for several decades. Recently 

some new facilities have been planned for 50 or 100 years of operation. Operators have designed these 

facilities taking into account ageing monitoring and effects. 

Ageing management of nuclear facilities is mainly based on a periodic testing, maintenance, and 

monitoring program and on periodic safety re-assessments. Usually the ten-yearly safety reassessment 

of nuclear fuel cycle facilities (NFCF) is the opportunity to focus on this specific subject. During this 

periodic safety review, licensees have to carry out a conformity examination compared to the design 

requirements. In this context, all structures, systems and components (SSCs) important to safety must 

be checked in order to detect physical ageing, obsolescence and civil engineering deteriorations. 

During facility operating life, the ageing management of the NFCF is performed through the regular 

verifications and tests, and also with the maintenance program. These periodic monitoring updates 

enable the detection of ageing effects on SSCs important to safety and consequently, if possible, the 

anticipation of replacements or the implementation of other actions. Consequently the NFCF safety 

throughout its lifetime is based on a continuous monitoring program. 

IRSN performs assessment of safety documents sent by licensees throughout the facility’s life. 

Depending on the official request from the French safety authority (ASN), IRSN evaluates ageing 

management at each different stage of a facility’s licensing (design, construction, commissioning, 

operation). The paper will describe some examples of safety cases assessed by IRSN regarding ageing 

management.  
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Consideration has been given in the design to these confinement barriers to ensure their function 

during 50 years and prevent the ageing effects.  

The container design includes specific provisions to anticipate ageing issues and their consequences. 

For example, the design bases take into account: 

 Margins in the calculations and drop test are programmed to qualify the calculations, 

 Corrosion degradation (ageing mechanism) by a choice of material (stainless steel) and extra 

thickness of container wall. 

This building is a concrete structure which is resistant to external events as earthquake, explosion, 

airplanes crash. The design of civil works includes: 

 Margins in the calculations, 

 Drainage of external water and external water tightness to avoid the contact between water and 

concrete. This measure aims to protect concrete structures and prevent the effects of ageing, 

 A choice of a concrete composition which limits cracking occurrence and ageing phenomena, 

like chemical reactions, 

 A water tightness of the storage compartments equipped with a metallic liner to drain the water 

condensation and protect the concrete raft. 

All these provisions have been assessed by IRSN during the authorization procedure for DIADEM 

facility creation. The French safety authority decision defined technical prescriptions for the next 

licensee step. In particular, as regards ageing management, the operator has to study other preventive 

provisions or to provide some additional safety analysis. 

Another good practice is to consider during the design stage the feedback of similar facilities 

operations. It relates to all topics (security, safety, production, maintenance etc.) and such as the 

ageing effect. One example is the design of the MOX fuel fabrication facility MELOX in France. This 

facility got the feedback of the former facility located in Cadarache center. For example, lessons learnt 

from failure and degradation during maintenance operations in glove-boxes were taken into account 

during the design of MELOX glove-boxes. 

A lot of other parameters could be taken into account during the design stage of a nuclear fuel facility 

concerning the ageing management (inspection robot design, choice of suppliers, research program 

etc.). See for more details CSNI technical opinion papers no. 15 in reference [2]. 

3.2 Fabrication and construction stage 

During fabrication and construction phases, the SSCs important to safety shall be assembled, 

constructed, installed and qualified in accordance with design specifications. A monitoring program is 

necessary to ensure that safety requirements are correctly implemented during fabrication and 

construction processes.  

As regards the ageing management, the monitoring program consists in the compliance verification 

with the ageing features defined during design stage. For example, the quality of materials should be 

checked (fabrication certificate). It is also the occasion to take material sampling of SSC important to 

safety aiming to provide specific test. 

In the case of DIADEM facility, during construction, the operator has taken some concrete samplings 

of structures. These samplings will be put in the storage compartments during operations and could be 
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