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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT 

The OECD is a unique forum where the governments of 33 democracies work together to address the economic, social 
and environmental challenges of globalisation. The OECD is also at the forefront of efforts to understand and to help 
governments respond to new developments and concerns, such as corporate governance, the information economy and the 
challenges of an ageing population. The Organisation provides a setting where governments can compare policy 
experiences, seek answers to common problems, identify good practice and work to co-ordinate domestic and international 
policies. 

The OECD member countries are: Australia, Austria, Belgium, Canada, Chile, the Czech Republic, Denmark, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxembourg, Mexico, the Netherlands, 
New Zealand, Norway, Poland, Portugal, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United 
Kingdom and the United States. The European Commission takes part in the work of the OECD. 

OECD Publishing disseminates widely the results of the Organisation‟s statistics gathering and research on economic, 
social and environmental issues, as well as the conventions, guidelines and standards agreed by its members. 

This work is published on the responsibility of the Secretary-General of the OECD. 
The opinions expressed and arguments employed herein do not necessarily reflect the official  

views of the Organisation or of the governments of its member countries. 

NUCLEAR ENERGY AGENCY 

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC 
European Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first non-
European full member. NEA membership today consists of 28 OECD member countries: Australia, Austria, Belgium, 
Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Korea, 
Luxembourg, Mexico, the Netherlands, Norway, Portugal, the Slovak Republic, Spain, Sweden, Switzerland, Turkey, the 
United Kingdom and the United States. The European Commission also takes part in the work of the Agency. 

The mission of the NEA is: 
– to assist its member countries in maintaining and further developing, through international co-operation, the 

scientific, technological and legal bases required for a safe, environmentally friendly and economical use of 
nuclear energy for peaceful purposes, as well as 

– to provide authoritative assessments and to forge common understandings on key issues, as input to government 
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and sustainable 
development. 

Specific areas of competence of the NEA include safety and regulation of nuclear activities, radioactive waste 
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law 
and liability, and public information. 

The NEA Data Bank provides nuclear data and computer program services for participating countries. In these and 
related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in Vienna, with which it 
has a Co-operation Agreement, as well as with other international organisations in the nuclear field. 

Corrigenda to OECD publications may be found online at: www.oecd.org/publishing/corrigenda. 
© OECD 2010 
You can copy, download or print OECD content for your own use, and you can include excerpts from OECD publications, 
databases and multimedia products in your own documents, presentations, blogs, websites and teaching materials, provided that 
suitable acknowledgment of OECD as source and copyright owner is given. All requests for public or commercial use and 
translation rights should be submitted to rights@oecd.org. Requests for permission to photocopy portions of this material for 
public or commercial use shall be addressed directly to the Copyright Clearance Center (CCC) at info@copyright.com or the 
Centre français d'exploitation du droit de copie (CFC) contact@cfcopies.com. 
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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 

Within the OECD framework, the NEA Committee on the Safety of Nuclear Installations (CSNI) is an 
international committee made of senior scientists and engineers, with broad responsibilities for safety 
technology and research programmes, as well as representatives from regulatory authorities. It was set up 
in 1973 to develop and co-ordinate the activities of the NEA concerning the technical aspects of the design, 
construction and operation of nuclear installations insofar as they affect the safety of such installations. 

The committee‟s purpose is to foster international co-operation in nuclear safety amongst the NEA 
member countries. The CSNI‟s main tasks are to exchange technical information and to promote 
collaboration between research, development, engineering and regulatory organisations; to review 
operating experience and the state of knowledge on selected topics of nuclear safety technology and safety 
assessment; to initiate and conduct programmes to overcome discrepancies, develop improvements and 
research consensus on technical issues; and to promote the co-ordination of work that serves to maintain 
competence in nuclear safety matters, including the establishment of joint undertakings. 

The clear priority of the committee is on the safety of nuclear installations and the design and construction 
of new reactors and installations. For advanced reactor designs the committee provides a forum for 
improving safety related knowledge and a vehicle for joint research. 

In implementing its programme, the CSNI establishes co-operate mechanisms with the NEA‟s Committee 
on Nuclear Regulatory Activities (CNRA) which is responsible for the programme of the Agency 
concerning the regulation, licensing and inspection of nuclear installations with regard to safety. It also co-
operates with the other NEA‟s Standing Committees as well as with key international organisations (e.g., 
the IAEA) on matters of common interest. 
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FOREWORD 

Like other nuclear installations, managing ageing for fuel cycle facilities means ensuring the availability of 
required safety functions throughout the service life of the facilities with account taken of changes that occur 
with time and use. This requires addressing both physical ageing resulting in degradation of Structures, 
Systems and Components (SSCs) performance characteristics, and the obsolescence of SSCs, i.e. their 
becoming out of date in comparison with current knowledge, standards and regulations, and technology. 

The objective of the Working Group on Fuel Cycle Safety (WGFCS) is to advance the understanding for 
both regulators and operators of relevant aspects of nuclear fuel cycle safety in member countries. 

To contribute to this task the Workshop on “Ageing Management of Fuel Cycle Facilities” was held in 
Paris, on 5-7 October 2009 in Paris. The workshop was organised jointly by the “Committee for the Safety 
of Nuclear Installations” of the OECD and the French “Autorité de Sûreté Nucléaire” (ASN). 

The current proceedings provide summary of the results of the workshop with the text of the papers given 
and presentations made. 
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effort given to successful organisation and realisation of the event. 
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Pierre Nocture (Areva, France), WGFCS Chair 
Kotaro Tonoike (JAEA, Japan) 
Yoshinori Ueda (JNES, Japan) 
Radomir Rehacek (OECD/NEA), Workshop Secretary 
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EXECUTIVE SUMMARY 

During its 2007 annual meeting, the Working Group on Fuel Cycle Safety identified the need to organise 
information exchange on ageing management practices and methodologies used in OECD countries. 
This resulted in the organisation of a CSNI Workshop on Ageing Management of Fuel Cycle Facilities 
on 5-7 October 2009 in Paris. 

Like other nuclear installations, managing ageing for fuel cycle facilities means ensuring the availability of 
required safety functions throughout the service life of the facilities with account taken of changes that occur 
with time and use. This requires addressing both physical ageing resulting in degradation of Structures, 
Systems and Components (SSCs) performance characteristics, and the obsolescence of SSCs, i.e. their 
becoming out of date in comparison with current knowledge, standards and regulations, and technology. 

Workshop 

The workshop was held in Paris on 5 to 7 October 2009. During two and half days discussions were 
organised around the presentation of 20 papers. Workshop was attended by about 40 participants from 8 
countries. 

Outcome of the Workshop 

During the conclusion session, the participants pointed out the need for the WGFCS to go on working on 
ageing management for FCFs. Issues like establishing a list of SSCs ageing phenomena (including for 
floors, trenches and sumps), root cause analysis of minor events and adequate records, preventive 
maintenance, house-keeping or workforce education were identified as part of FCFs ageing management. 

The Workshop participants encouraged the WGFCS to prepare a Technical Opinion Paper (TOP) on FCFs 
Ageing management. 

1. Introduction 

The FCFs cover a large range of facilities: nuclear fuel produced, processed, and stored mainly in industry 
scale facilities where U ores are processed and refined, Uranium converted and then enriched, nuclear fuel 
fabricated (U fuel and U/Pu fuel for the close cycle option); and spent fuel stored and reprocessed (close 
cycle option). Facilities dedicated to the research and development of new fuel or new processes are also 
considered as FCFs and enlarge the scope for the feedback experience. 

The CSNI and its Working Group on Fuel Cycle Safety (WGFCS) consider that there is a need to map the 
definitions, the regulatory frame and the identified safety challenges related to the management of FCF 
Ageing as the safe management of FCF ageing comes more and more into the focus of operators and safety 
regulators. 
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2. Objective 

The objective of this workshop was to present practices on the safety aspects of the ageing management of 
the Fuel Cycle Facilities (FCFs) in different NEA member countries. It addressed the present situation, 
regulatory authorities and operators aspects, as well as experiences and research and development 
activities. 

Special emphasis was given to the identification of the technical, human resources and administrative 
challenges related to ageing phenomena. Challenges were addressed both by safety authorities (and their 
technical support organisations) and by FCF operating organisations, as well as the lessons learned from 
experience regarding facility ageing, e.g. during the periodic safety reviews. 

The workshop intended to provide information sharing to understand the differences in ageing safety 
approaches, to identify potential discrepancies and to propose tracks for progress. 

3. Background 

FCFs are getting older and the general trend, as for NPPs, is to have their operational life extended. As a 
consequence, the safe management of FCF ageing comes more and more into the focus of operators, safety 
regulators and technical support organisations. Technical and administrative safety aspects of FCF ageing 
management have gained and will receive increased attention. 

Numerous technical studies have been performed to study the impact of ageing degradation mechanisms 
on the safe and reliable operation of NPPs. What is the situation with the Ageing Management of FCFs? 
The CSNI and its Working Group on Fuel Cycle Safety (WGFCS) considered that there is a need to map 
the definitions, the regulatory frame and the identified safety challenges related to the management of FCF 
Ageing. 

4. Workshop Structure and Contents 

The workshop was organised in one opening session, three technical sessions and one summary session. 
According to the number of presentations, the technical sessions were divided into sub-sessions. Each 
session resulted into a panel session where direct exchanges were encouraged. 

4.1. Session 1: FCF Ageing: National Regulators’ Perspectives 

This first technical session addressed key issues related to: 

- The regulatory framework i.e. approaches of member countries‟ national authorities and technical 
support organisations (TSOs) on FCF ageing, national policies and technical regulations, technical 
supervision. 

- The methodologies and criteria for safety reassessment, identification of FCF specificities compared 
with NPP reassessment practices. 

- Cases and lessons learned by the regulators. 

This session was divided into 2 sub-sessions, which were chaired by Andy Buchan (Sellafield, UK) and 
Yoshinori Ueda (JNES, Japan), to cover the 9 papers presented by safety regulatory bodies of Canada 
(CNSC), France (ASN/IRSN), Germany (GRS, Öko-Institut e.V), Japan (NISA), United Kingdom (NII), 
United State of America (USNRC). 

Safety authority of Brazil (CNEN) as an observer to the workshop presented also a paper during this session. 
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Ageing Management in French Fuel Cycle Facilities: the French Nuclear Safety Authority Overview 

Dorothée Conte and Laurence Tabard (ASN, France) 

 Some French facilities in operation are more than 40 years old and were built before the 1963 
decree for INB authorisation procedure. 

 The oldest French facility is the CERCA facility (in Romans-sur-Isère). 
 ASN experience feedback from inspections and incidents shows that for the ageing phenomena 

human and organisational factors must be taken into account as well as equipment reliability. 
 The actual challenge for ASN is to include in the regulatory texts the necessity of taking into 

account the phenomenon of ageing; the PSR is one of the means. 

Assessment of Ageing of Fuel Cycle Facilities (FCF) by ASN and IRSN 

Dorothée Conte (ASN, France) ; Jean-Paul Daubard and Michel Guillard (IRSN, France) 

 In France, the authorisation to operate a Basic Nuclear Installation (BNI) is not limited to a 
specific duration. The operation of a facility is examined by the regulator at the time of every 
periodic safety review (every ten years). 

 The safety ageing is to be considered continually during the lifetime of each facility and 
especially at the times of the construction and commissioning (design), as well as during the 
periodic safety review (PSR). 

 Based on its experience feedback, the IRSN has noticed that the licensees have generally 
increased the ageing management of their facilities during recent years and, particularly, their 
taking into account in the PSR. 

 The IRSN operates a database (SAPIDE LUDD) which stores all collected significant event which 
occurred in non-reactor facilities (more than 4400 data sheets as of September 2009). 

 A cross-cutting analysis performed by IRSN, based on the SAPIDE LUDD, shows that ageing 
mechanisms are not a significant cause of events in French FCFs over the period 2005 – 2008. 

 In 2008, an increase of leakages of pipes, due to mechanical fatigue or underground corrosion, 
has been noticed concerning essentially older parts of FCFs. 

Safety Regulation for Ageing of Nuclear Fuel Cycle Facilities in Japan 

Toshihiro Imai (NISA, Japan) 

 In Japan as of the end of August 2009, seven nuclear fuel cycle facilities are in operation. Six 
facilities out of seven are in operation for more than 20 years. 1 facility is in operation for less 
than 20years. 

 In September 2003, the Nuclear and Industrial Safety Agency (NISA) added the Ageing 
Management Review (AMR) within 20 years after commissioning in the regulations rules for 
fuel fabrication, U enrichment and spent fuel reprocessing facilities with the except of the spent 
fuel interim storage facilities. 

 In July 2009, NISA has completed the evaluation of AMR results and procedures of four 
facilities and two other AMR reports as of the end of August 2009. One AMR report has been 
prepared. 
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Evaluation of the Ageing Management Review Reports of the Fuel Fabrication, Uranium 
Enrichment and Reprocessing Facilities 

Toshihiro Imai (NISA, Japan) 

 The guideline to evaluate the adequacy of AMR reports, established by NISA, was used for the 
evaluation. 

 Four AMRs out of the full 6 have been evaluated by assessment and onsite inspection compliance 
as of the end of July 2009. 

 In the 4 AMR reports, no stressed ageing phenomena just as defined in the guideline have been 
extracted. However, all four license holders defined additional maintenance measures, whose 
objectives are to grasp more quantitatively the evolution of concerned ageing phenomena and to 
assure the safety more surely. 

A Safety Regulators View of the United Kingdom’s Approach to Managing Ageing within Nuclear 
Fuel Cycle Facilities 

Neil Blundell (NII, UK) 

 In 2007 the publication of the UK Government‟s Revised Energy Policy now heralds a potential 
renaissance in Nuclear Power from around 2018. 

 Significant within Licence Conditions, is licence condition 15 which requires the licence holder 
(Licensee) to hold a periodic and systematic review and reassessment of its safety case against 
modern standard. 

 Under the new energy act the Government has put in place arrangements for new entrants to the 
UK nuclear industry to have a state regulated decommissioning fund. 

 The UK government and industry support groups have all over the past few years started new 
programmes to support the nuclear industry including research and education. 

 The four issues of ageing management Plant, Process, People and Purse affect nuclear safety. 

Lessons Learned from Ageing Subsurface Civil Structures at a Uranium Conversion Facility in 
Canada – Regulators’ Perspective 

Jafir Jaferi (CNSC, Canada) 

 Lessons have been learned from two separate discoveries of soil and groundwater contamination 
events (one in July 2007 under the UF6 plant and the other in June 2008 under the UO2 plant 
buildings) due to failures of in-ground floors, trenches and sumps two events of failures at a 
Uranium Conversion Facility in Port Hope, Ontario, Canada. 

 The groundwater flows from the northwest of the facility towards southeast into the Port Hope 
harbour which is connected to the lake Ontario and a river. 

 The existing groundwater monitoring wells around the UF6 plant in place since 1984 did not 
detect the uranium plume that passed in between two wells. 

 Improved design of the liquid management systems to allow for early detection of leaks or 
overflows. 

 Normally expected maximum operational flows were incorporated in designing all containments 
and automated abnormal condition monitors and alarms for liquid management system elements 
were installed among other preventive measures. 
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Ground Water Contamination Discovered at a Canadian Uranium Conversion Facility and 
Remedial Measures Implemented to Protect the Environment 

B. R. Ravishankar (CNSC, Canada) 

 Following the discovery and investigation of subsurface contamination events at Cameco‟s Port 
Hope Conversion Facility (PHCF) the CNSC staff enhanced regulatory oversight of the facility 
and the remedial measures implemented by the operator of the facility to protect the environment. 

 Applying the lessons learned from the UF6 plant, in June 2008, Cameco conducted subsurface 
investigation of soil and groundwater in proximity of its UO2 plant and discovered elevated 
uranium in groundwater in one of the wells outside the plant (The source of this contamination 
was determined to be the main UO2 sump pump inside the plant). 

 The fact that the existing groundwater monitoring wells failed to provide early warning of the 
contamination, an expanded long-term groundwater and surface water monitoring program for 
the site was developed by Cameco and reviewed and accepted by the CNSC, and implemented by 
Cameco in the third quarter of 2008. 

 Since the discovery of the July 2007 incident at the facility, CNSC staff initiated a series of 
additional site inspections, on-site meetings with the licensee to convey expectations on the 
investigation scope and timelines, review of licensee submissions related to the UF6 plant 
rehabilitation and improvements to its liquid management and groundwater monitoring. 

Safety Basis for Extended Operation of Fuel Facilities 

Peter Habighorst (US NRC, USA) 

 US NRC has extended the license for a fuel fabrication facility to operate for the next 40 years 
(this would make the facility operate for 80 years in total). 

 The inspection and assessment approach operated by USNRC were presented. 
 Differences in facility operations and aging management failure mechanisms exist between fuel 

cycle facilities and power reactors have been taken into account. 

Systematic Approaches for an Ageing Management Program at Spent Fuel Interim Storage 
Facilities 

Bernhard Gmal (GRS, Germany); Gerhard Schmidt (Öko-Institut e.V, Germany) 

 A study is in progress on the safety aspects of spent fuel storage. 
 Germany currently operates dry cask storage but at present the capacity stored is less that 10% 

full. 
 Safety functions are provided by the cask. 
 The cask must be transportable at the end of the storage period which is a maximum of 40 years. 
 There will be the first safety case review of spent fuel stores in 2016 but the storage is covered by 

a major experimental programme to underpin the safety of long term storage. 
 Personnel planning and knowledge are considered important over the 2 generations of storage. 

Considerations of Safety Related Events in the Brazilian Fuel Cycle Facilities with Respect to the 
Maintenance Management 

Rogério Luis Cunha de Paiva (CNEN, Brazil) 

 A summary of events occurred in the Brazilian FCFs, related to aging, was presented. 
 Brazil has resident inspectors at sites and a corporate inspection group in the centre. 
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 Actions needed to be taken by CNEN to improve safety and associated difficulties, considering 
the licensing process within the Brazilian regulatory system, were discussed. 

 A set of requirements being established by CNEN to issue FCF‟s authorisation of operation, 
considering aging aspects, was presented. 

4.2. Session 2: FCF Ageing: Fuel Cycle Operators’ Perspectives 

This second technical session provided examples of ageing management approaches used by FCF 
operators, methodologies and lessons learned, and identified some industrial and safety challenges. 

This session was also divided into 2 sub-sessions, which were chaired by Jafir Jaferi (CNSC, Canada) and 
Dan Dorman (US NRC, USA), that covered 8 papers presented by operating organisations of the following 
FCF types: 

- Conversion facility: Cameco, Canada. 
- Fuel fabrication facility: AREVA, France; GNF-J, Japan. 
- Reprocessing facility: AREVA, France; JAEA, Japan; Sellafield Ltd., UK. 
- Research and Development facility: CEA, France. 

Environmental Impacts and Remediation Following the Failure of Aging Infrastructure 

Rebecca Peters (Cameco, Canada) 

 The Port Hope conversion facility is Canada‟s oldest nuclear fuel facility with legacy contamination 
issues resulting from radium and uranium refining at this site during 1930s to 1980s. 

 The July 2007 underground contamination event at the UF6 plant building was due to faults in 
original design and construction, as well as inadequate management and maintenance of in-
ground structures over approximately 25 years chemical processing. 

 The UF6 plant remained shut down for approximately 14 months to complete root causes of the 
leaks from in-ground civil structures and their corrective actions, site-wide soil and groundwater 
characterisation, short and long term remediation measures, rehabilitation of plant‟s 
infrastructures, upgrading of process liquid handling systems and environmental management 
systems (Cost of approximately 60 million dollars for this rehabilitation). 

 In total approximately 1000 m3 of contaminated soil were removed. An estimated 190 kg 
uranium, 10 kg arsenic and 350 kg fluoride were recovered based upon a post-excavation 
sampling program of the drummed soil. 

 In order to prevent further spread of soil contamination and groundwater, Cameco installed and is 
operating a network of pump-and-treat wells to capture groundwater plumes leaving from the 
UF6 plant and UO2 plant buildings. 

 Approximately 32 m3 of groundwater is now being collected daily and treated on-site by 
evaporators. 

Port Hope Conversion Facility – Learning from the Past and Rebuilding for the Future 

Dale R. Clark (Port Hope Conversion Facility, Canada) 

 Root Cause analysis from contamination event identified technical issues as well as systemic, 
management deficiencies. 

 Arsenic was in the contamination from an impurity from the anhydrous HF. 
 Technical causes were linked to the design and maintenance of plant infrastructure (specifically 

floors, sumps, and trenches). Deterioration resulted in leaks to the subsurface. 
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 Management deficiencies were linked to overall safety culture as a preventive measure a 
comprehensive safety culture improvement plan was developed. 

 Significant investment made in Port Hope site to implement world proper floors, sumps, and 
building infrastructure. 

 Significant changes also made to management systems focused on improving safety culture at all 
levels. 

 Major improvements evident at Port Hope site since start-up after contamination event. Lessons 
need to be shared across the industry. 

How Ageing is taken into Account in FBFC (Areva np) Plant of Romans? 

Jean-Pierre Devort (AREVA NP, France) 

 In the past recent years there were three safety assessments by the French safety authority (ASN) 
at FBFC Romans. 

 Subsequent to these safety assessments and to increase its capacity, FBFC decided to launch an 
important investment to renew: renewal of its main industrial equipments. 

 In this project, one of the main challenges of FBFC for its customers was to reduce the lead time 
of uranium in the plant and ageing was improved by that way. 

Evaluation of Ageing of Fuel Fabrication Facility on GNF-J 

Hirofumi Makiguchi (GNF-J, Japan) 

 Process for Evaluation of Ageing and its implementation in GNF Organisation Structure. 
 Method of evaluation of ageing includs selecting facilities and buildings to be evaluated and their 

categorisation, grouping and selecting of representatives. 
 GNF-J submitted the final report with Long Term Maintenance Program to NISA on January 

2009, NISA review results in June 2009. 
 GNF-J will conduct maintenance activity of facilities and buildings in accordance with the Long 

Term Maintenance Program. 

Ageing Management of Tokai Reprocessing Plant 

Takafumi Nakano, Masatoshi Inano (JAEA, Japan) 

 Procedure of Ageing Management Technical Evaluation used for Tokai reprocessing plant (TRP) 
was presented. 

 The technical evaluation of ageing management to maintain structural object and equipment in TRP 
considering the effects of ageing degradation phenomena was carried out from 2004 to 2005. 

 A prospect to continue safety and stable operation of TRP next ten years was confirmed through 
these evaluations. 

AREVA NC La Hague Site: Nuclear Safety Review - UP3 Recycling Facility 

Pierre Mathieu (AREVA NC, France) 

 UP3 workshop was successively commissioned between 1986 and 2002. 
 The UP3 PSR took place in 2008-2009 including a compliance report based on the necessary in 

situ checks and a safety reassessment including experience feedback and the best internal and 
external practices. 
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 Compliance review report resulting from ageing control inspections of civil works, I&C and 
electronics, and equipments concluded that all safety functions were properly available, when the 
few non-compliances were included in the action plan. 

 Nuclear safety reassessment report examined handling risks, earthquake risks and climate risks. 
 The UP3 periodic safety review report is now ready to be transmitted to the Authorities and the 

review process proved to be useful both as a milestone and as a work phase in the service life of 
the installation. 

Ageing Management in Fuel Cycle Facilities 

Andrew B. Buchan and Martin F. Dobson (Sellafield Ltd., UK) 

 Many legacy plants were designed against very tight programme constraints with limited 
consideration of post operational clean out and decommissioning and many have now reached the 
end of their design lifetimes. 

 The first Magnox pond history of operation started in late Fifthies. 
 A Site Asset Management review was launched at Sellafield in mid 2008. 
 A set of Asset Management Principles have been developed through a Joint working group 

consisting Sellafield Ltd, Nuclear Decommissioning Authority, Nuclear Installations Inspectorate 
and Environment Agency. 

An Example of Safety Upgrade: the Refurbishment of the LECA Hot Laboratory 

Bernard Autran (CEA Cadarache, France) 

 LECA - French acronym for Advance Irradiated Fuel Examination Laboratory was built 
according to the safety rules prevailing in the sixties and commissioned in 1964. 

 LECA refurbishment during experimentation was an optimal solution, but also a very tough job. 
 The work is not finished, with a continuing focus on two items: keeping the fissile mass 

reasonably low by evacuating it regularly and setting actions to improve productivity. 
 Extension currently to 2015 but hope to get to 2017 with another submission to regulator. 
 A new facility would have been cheaper to build, if the decommissioning work was not part of 

the cost of the rebuild. 

4.3. Session 3 – FCF Ageing: Technical Challenges and R&D 

During this third technical session, 2 papers were presented. The session was chaired by Kotaro Tonoike 
(JAEA, Japan). 

Illustration of Studies and Research led by IRSN Concerning Ageing Effects in Fuel Cycle Facilities 

Jean-Paul Daubard and Denise Stammose (IRSN, France) 

 Some studies and experiments concerning the ageing of FCFs are conducted by the IRSN. To 
illustrate that subject, three on-going studies and experiments were presented, two of them 
performed at the IRSN facility called IRMA. 

 To perfect its knowledge concerning the degradation by irradiation of the HEPA filters 
efficiency, the IRSN has launched an experiment program performed in the IRMA cell. These 
experiments show that the gaskets used on the different kinds of filters are the weakness point 
(loss of elasticity or alteration after prolonged irradiation for some filters). 
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 Experiment of irradiation of pre-oxidised Zr-4 in wet air and water has indicated that there is 
hydrogen generation within the oxide layer, parallel cracking within the layer and formation of a 
Zr radical. This possibly indicates that there will be increased radionuclide release than formerly 
expected with non-irradiated tests on Zr-4. 

 Effects of organic decomposition products as complexants for Plutonium and other nuclides is in 
the literature survey phase but indicating that there could be the need for experimental work to 
examine the increased transport rate in groundwater with such complexants. 

Replacement of the Criticality Accident Alarm System in the Tokai Reprocessing Plant 

Yukihisa Sanada, Ichiro Hasegawaand and Takumaro Momose (JAEA, Japan); Masato Ishii (Toshiba Co. 
Ltd., Japan); Nobuyuki Kanazawa (JRE Co., Japan); Tatsuya Chikazawa (ID Co., Japan) 

 The Criticality Accident Alarm System (CAAS) was replaced when the number of minor faults 
increased and several items in the system were determined to have become obsolescent. 

 The gamma detector type from the original system was retained but the neutron detector was 
replaced by a new type. There were no issues associated with the existing fibre optic cable. 

 The new neutron detector was comprehensively tested against a slow criticality speed of 
maximum 1mS as per IAEA guidance. 

 The new system works so well that the number of detectors could be reduced and placed more 
strategically thus reducing maintenance and management requirements. 

5. Conclusions 

Conclusion of Session 1: 

The safety related events were the good chance to start the consideration of ageing management for some 
countries. Therefore, when there are events it is important to study root causes from the ageing aspects 
including the non-technical issues, including housekeeping and educational workforce. 

The assessment of FCF ageing management should form an important part of the periodic safety review 
process. There is much to be gained from a greater understanding of individual regulatory approaches to 
ageing management. International co-operation could help to identify the early onset or acceleration of 
ageing phenomena within particular groups of SSCs or particular environments found in fuel cycle 
facilities, allowing appropriate inspection or intervention and ultimately preventing adverse occurrences. 

Non-technical issues on ageing are important factors to consider ageing management and under the scope 
of considerations for many countries. 

A useful output follow up of this workshop would be a list of ageing phenomena to be considered against 
SSCs. 

Conclusion of Session 2: 

In summary, this session provided good examples of ageing management practices, including maintenance 
plans and equipment upgrades. It should be an encouragement to all, both operators and regulators, to 
ensure that ageing facilities are managed in an integrated manner that includes: 

 Systematic and periodic review of structures, systems, components, and procedures. 
 Identification and evaluation of degradation mechanisms. 
 Equipment upgrades, as appropriate. 
 Enhanced maintenance and surveillance plans, as appropriate. 
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 Inclusion of subsurface civil structures into plant management program. 
 Adequate records management throughout facility life to support decommissioning plans. 
 Accumulation of funding throughout facility life to address remediation of the site. 
 Knowledge management and capture regarding site conditions. 
 Periodic Safety Revised of FCF should include “Ageing aspects”. 

Conclusion of Session 3: 

It was recognised that each R&D program or each maintenance program of a specific facility is reflecting a 
fuel cycle policy of each country or a facility utilisation program of each operator. The international 
community should share knowledge of such major policies and operation plans, trace the basic R&D 
activities or maintenance programs, and share output of such activities. 

It was concluded that systems can improve, if they are replaced during ageing management and 
replacement of a system can reduce worker and equipment costs by managing a system better. 

General Conclusion 

Participants to the workshop recognised the importance of ageing management of fuel cycle facilities. A final 
round table exchange took place to collect and share views on important safety related aspects of FCF ageing 
management. The discussion pointed out the interest for the fuel cycle community to achieve definitions, collect 
information on FCF physical ageing mechanisms, on obsolescence but also on “soft” ageing aspects with 
potential safety impact (e.g. organisations, staffing and knowledge management). 

Participants recommended the WGFCS to prepare a Technical Opinion Paper on FCF ageing management 
that should provide an answer to the above needs and issue recommendations on ageing management 
programs and proactive management of FCF ageing through examples and good practices. 
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CSNI WORKSHOP ON 
AGEING MANAGEMENT OF FUEL CYCLE FACILITIES 

Jean Christophe Niel 
Directeur Général de l‟Autorité de Sûreté Nucléaire (ASN, France) 

The subject of this workshop “the ageing management of fuel cycle facilities” fits well with the 
preoccupation of the community of the FCFs: FCFs are getting older and the general trend, as for NPPs, is 
the wish of the operators to have their operational duration extended. 

As a consequence, the safe management of FCF ageing comes more and more into the focus of operators 
and safety regulators. Technical and administrative safety aspects of FCF ageing management gain and 
receive an increased attention. The FCF operators or regulators become more and more aware of the 
challenges presented by the safe operation of the ageing FCF. 

Today, 10 NEA member countries (MC) joined us and about 50 participant‟s, that is a good success: 
people acting in the field of FCF, either operator or regulator, are not so numerous, not as numerous as in 
the NPP field. So I thank all of you for your participation, especially for the members who came from far 
countries, and I thank you for the excellent papers received. 

They will be presented during these three days: the first day will be dedicated to the regulator‟s 
perspectives, the second day to the operator‟s perspectives and the third day to ageing technical challenges 
and R&D. 

These papers perfectly cover the scope aimed: the present situation, the regulatory authorities and the 
operators concerns, as well as experiences and R&D activities. They give a good basis for a large reflexion 
on the topic and reach the goal of the workshop: to understand the differences in ageing safety approaches, 
to identify potential discrepancies and to propose tracks for progress. It is also a unique occasion to share 
your experiences and to establish your challenges. 

The FCF cover a large range of facilities : nuclear fuel produced, processed, and stored mainly in industry 
scale facilities where U ores are processed and refined, Uranium converted and then enriched, nuclear fuel 
fabricated (U fuel and U/Pu fuel for the close cycle option); and spent fuel stored and reprocessed (close 
cycle option). Facilities dedicated to the research and development of new fuel or new processes are also 
considered as FCFs and enlarge the scope for the feedback experience. In France, the CEA is regulated by 
the same requirements than FCF big facilities and as the older installations belong to this organisation it 
gives us a good feedback experience and a view of the future. 

Numerous technical studies have been performed to study the impact of ageing degradation mechanisms 
on the safe and reliable operation of NPPs. But the situation with the Ageing Management of FCFs is not 
as well advanced. Today with the perspective of new nuclear facilities, there is a need to see clearly where 
to go with the ageing industrial facilities as their replacement needs high level of safety, huge investments, 
public acceptance, and will take time. 

The CSNI and its Working Group on Fuel Cycle Safety (WGFCS) consider that there is a need to map the 
definitions, the regulatory frame and the identified safety challenges related to the management of FCF 
Ageing. The French Safety Authority (ASN) encourages this will and will actively participate to the works 
linked to. 
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In very few minutes the workshop will begin: the present practices on the safety aspects of the Ageing 
Management of the Fuel Cycle Facilities (FCFs) in different NEA member countries will be exposed and 
shared. Questions and interrogation will emerge. Some will have answer, others will stay in suspense but I 
believe strongly that these three days will give you enriched tools to think of the ageing management of 
your facilities. 

The French ASN encourage all of you to share your experiences and to work together in the same goal: to 
keep our installations at the upper safe level as long as they are operated and to think in advance to the 
moment where it will be necessary to shut down them; its is the prime responsibility of the operators to 
think of the future: preparing the new projects (replacing) as well as preparing the end of life of the 
facilities (dismantling). It is a big challenge and it is shared by the safety authorities. 

In order to fulfil it, the technical aspects of the ageing must be integrated as soon as possible in the safety 
demonstration and the PSR must remain the undeniable checkpoint where the assessment of the capability 
of the facilities to continue operating is made. 

But it is not sufficient. An integrated approach is necessary to give answers to the main questions of the 
ageing: highly efficient organisation must support it taking account the safety culture development, the 
ALARA approach, the competences management, the control of the subcontractors. The economical, 
social and financial aspects must also be taken into consideration very soon. 

These aspects are developed today in the ASN regulatory requirements issued from the TSN law. 

To have the adapted safety requirements, it is necessary to exchange experience at an international level 
and to take into account the best practice and the lessons learned from experience. The WGFCF workshop 
on ageing management is a unique moment to do it. 

I wish that these three days will give you good opportunities to exchange your points of view and to find 
the best ways to manage the ageing of the FCFs. I wish the best success to this meeting and will pay much 
attention to its results. 
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FCF Ageing: National Regulators’ Perspectives 

Ageing Management in French Fuel Cycle Facilities: The French Nuclear Safety Authority Overview 
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AGEING MANAGEMENT IN FRENCH FUEL CYCLE FACILITIES : 
THE FRENCH NUCLEAR SAFETY AUTHORITY OVERVIEW 

Dr. Dorothée Conte 
Autorité de sûreté nucléaire ASN, France 

Laurence Tabard 
Autorité de sûreté nucléaire ASN, France 

Abstract - The average age of French Fuel Cycle Facilities is 30 years. And very few constructions of new plants 
are planned at the moment. 

The French regulation framework, particularly the law on transparency and security in the nuclear field (TSN law), lays 
down the principle of the licensee responsibility, the individual requirements, the French nuclear safety authority (ASN) 
powers, and the fact that unless the construction licence specifies otherwise, each nuclear installation must be subjected to a 
safety review every ten years. The technical regulation framework the licensees have to comply with is under review to 
match the new requirements of the TSN law. Nowadays the current regulation framework has no specificity concerning 
ageing management but it is commonly understood that the quality of items important to safety should be constant during 
the lifetime of the facilities; it will be specifically notified in the new regulatory texts. When it is no longer possible for the 
operator to maintain the quality for a majority of items important to safety, especially the containment, the ASN asks the 
operator to start the regulatory process for decommissioning. 

The periodic safety reviews are the main way used to examine how facilities are ageing, because most of these reviews deal 
with all items connected with safety. But the ASN can find other elements through inspections or incidents. 

ASN has extracted several points concerning ageing of the FCF from its global feedback experience; these points deal 
with different subjects, from equipment reliability to human and organisational factors. 

1. Introduction 

The French Nuclear Safety Authority (ASN) is in charge of the nuclear safety and radioprotection regulation for 
civil uses. It regulates 147 civil nuclear facilities in France, including 59 nuclear power plants (NPP) whose 
licensee is Électricité de France (EDF), fuel cycle facilities whose licensee is the AREVA corporation and 
research plants whose main licensee is the Commissariat à l‟énergie atomique (CEA). 

French Fuel Cycle Facilities are categorised as follows: 

 Uranium treatment (fluoration or enrichment), which is done in 3 nuclear facilities located at 
Tricastin. 

 Fuel manufacturing which is done in 2 nuclear facilities located at Romans-sur-Isère. 
 Fuel retreatment which is done in 7 nuclear facilities located at La Hague. 
 MOX fuel manufacturing which is done in the Mélox facility located at Marcoule. 

Since the 1950s much research on fuel design has been done by the CEA. This licensee still has fuel 
expertise facilities as the Atalante laboratory in Marcoule for example. In addition many AREVA and CEA 
facilities have similar processes or installations, as for example the hot cells. 

Moreover, as the CEA facilities are generally older than the AREVA ones, it is worthwhile including them 
in an ageing management examination. 

This is why the CEA facilities are included in the present paper in addition to the AREVA ones, even 
though they do not directly belong to the fuel cycle facilities category. 
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2. Overview of the age of the AREVA and the CEA facilities 

In the following text the “old” nuclear plants are those whose construction was authorised before 1980 
(therefore older than 30 year-old). 

Table 1. Age of most important CEA and AREVA facilities still working 

Activity Facility name Year of creation 
authorisation 

Uranium treatment 

Eurodif (*) 1977 
COMHUREX 1978 
Installation TU5 1992 
George Besse II 2007 

Fuel manufacturing 
CERCA 1967 
FBFC 1978 
MELOX 1990 

Fuel reprocessing 

UP2-400 (*) 1964 
Elan II B (*) 1967 
HAO (*) 1974 
UP2-800 1981 
UP3 1981 

Solid and liquid waste 
treatment 

STE2 (*) 1964 
STE3 1981 
SOCATRI 1984 
STED of Grenoble  1964 
Entreposage de décroissance in Grenoble 1973 
STED of Fontenay 1964 
STED of Cadarache 1964 
Parc d‟entreposage de déchets in Cadarache 1968 
MCMF 1968 
Pégase 1980 
CEDRA 2004 
STED of Saclay 1971 
STEL of Saclay 1964 

Fuel examination 
laboratory 

LHA (*) 1968 
LECI 1968 
LECA 1968 
LEFCA 1982 
LPC 1968 
Atalante 1989 

Manufacturing of medical 
radioelements 

CIS BIO 1964 

Research reactors 

Minerve 1959 
Eole 1965 
Masurca 1966 
Osiris 1966 
Cabri 1964 
Phébus 1977 
Orphée 1980 
Phénix (*) 1973 

(*) Facility which is beginning its definitive shut down 

Among the 40 facilities listed in table 1: 
 20 were authorised in the 1960s, 8 in the 1970s, 8 in the 1980s, 2 in the 1990s and 2 since 2000 . 
 Their average age is 35 year-old. 
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 The AREVA corporation is the licensee for 15 facilities: 4 were authorised in the 1960s, 4 in the 
1970s, 4 in the 1980s, 2 in the 1990s and 1 in 2007; their average age is 30 year-old. 

 The CEA is the licensee for the other 25 facilities: 16 were authorised in the 1960s, 4 in the 1970s, 4 
in the 1980s and 1 in 2004; their average age is 37 year-old. 

Figure 1. Age distribution for CEA and AREVA facilities 
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Compared with pressurised water reactors whose worldwide commonly accepted working length is 40 
years, half of the 40 CEA and AREVA facilities listed above are still working although they are older than 
40 years. And an extra 8 facilities pack will reach this age in the 2010s. 

In summary CEA and AREVA facilities are fairly old. A timid tendency to replace some of them has 
appeared in the 1990s. 

3. The French legislation applied to ageing management 

3.1. General legislation 

The French regulatory framework applicable to nuclear facilities obeys the legislative texts pyramid: 

 

LAWS 

DECREES 

ORDERS 

GUIDES 

STANDARDS  
Until 2006, the legislative basis for supervising the safety of the major nuclear installations consisted of 
several articles dated from the 1960s and based on a decree of 1963. 

The law of 13 June 2006 on transparency and security in the nuclear field, known as the “TSN law”, 
constitutes an in-depth overhaul of the legislative framework applicable to nuclear activities and their supervision. 
It created the Nuclear Safety Authority, an independent administrative authority which, within the State, is in 
charge of supervising nuclear safety and radiation protection. The ASN is also responsible for informing the public 
on these subjects. This law contains also significant advances in terms of transparency. 

The right of access to information about nuclear safety and radiation protection in the possession of the 
public authorities already exists by virtue of the Environment Code. The law takes this requirement further 
by creating a right of access by the public to information. 
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The law confirms that the four main environmental protection principles apply to nuclear activities: 
principles of prevention, precaution, polluter-pays and participation. In this respect it applies the 
Environment Charter, which is today an integral part of the Constitution. It also reaffirms the three leading 
principles of radiation protection, which are justification, optimisation and limitation. 

It lays down the fundamental principle of the prime responsibility of the licensee for the day to day safety 
of its installation, as already said in international texts (particularly IAEA ones), and essential to ensuring 
that each party, both licensee and supervisory authority, is fully aware of its responsibilities. 

The law also gives the ASN powers to impose individual requirements on the licensees. The ASN is responsible 
for inspections and may impose penalties, up to and including suspension of operation of an installation. This 
was used in 2007 when the ASN obligated 1 the CEA to definitively stop the operation of the ATPu facility. 

The TSN law created a nuclear safety inspectorate and upgrades the range of available administrative and 
penal sanctions against any licensee who infringed the law. 

It gives a legal basis for management of urban development around nuclear sites and for the periodic safety 
reviews. Unless the construction licence specifies otherwise, each nuclear installation must be subjected to 
a safety reviews every ten years. It is now a legal requirement. 

In applying the TSN law, the decree of 2 November 2007, known as the “Procedures decree”, regulates 
the procedures related to the different stages in the life of a facility: creation, start of operation, 
modifications during operational time, dismantling. 

It also maintains the fundamental principle of the prime responsibility of the licensee for the day to day 
safety of its installation. 

At last, the order known as the “INB order” should be published soon. It will regulate general safety 
requirements for every nuclear facility, without regard to its age. It will partly replace the existing technical 
regulatory framework, and it will define the legal existence the ASN guides on subjects like periodic safety 
reviews or general operating rules content. 

3.2. Technical legislation 

The technical regulatory framework relies on decrees and orders which define general principles every 
licensee has to respect. Its objective is to prevent facilities from creating any ham to their environment. The 
existing main legislative texts are: 
 The order of 31 December 1999 concerning all damage resulting from the existence of facilities. 
 The order of 26 November 1999 concerning facilities discharges. 
This technical regulatory framework concerns every nuclear plant and has no specificity regarding 
installations type or age. 

As said in the chapter 3.1 above, it is under rewriting to deal with the new requirements of the TSN law. It 
will also be partly integrated in the INB order. 

This order will give the obligation to all the licensees to identify items important to safety in their facilities. 
The definition of these items has always been larger than the one adopted by IAEA and mainly linked to 
SSC‟s (structures, systems and components). In fact, the ASN predecessor that is the Direction de la sûreté 
des installations nucléaires (DSIN – the ministerial directorate which preceded the ASN) defined in the 1990s 
what the items important to safety consist of, and asked the licensees to list them in their facilities. However 
some did not do so, particularly among fuel cycle facilities, mainly because of the accepted difference with 
the NPP. It has to be said that these plants defined at least definite requirements or equipments. 
                                                      
1. ASN decision Nr 2007-DC-0036 of 21March 2007. 
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However the listing requirement helps to identify safety important items or equipments like emergency 
shut-down, safeguard systems (emergency water supply for reactors or pools, for example), nuclear 
ventilation, alarm systems, local electricity supply for systems concerning criticality or containment, etc. 

As their quality should be as constant as possible during the life time of the facilities, they have to be kept 
under surveillance through usual maintenance, non-routine one or ageing management. 

The fundamental safety regulations (FSR) give technical recommendations resulting from a gathering of 
standards, industrial guides and good practices. As they are not legal texts such as decrees or orders, they 
are not legally binding. However it must be said that applying them is considered as equivalent to 
complying with the technical regulatory framework. (see the list in annexe 1). 

Every FSR deals with a specific subject such as: fire, external flood, specifications of earthquakes to 
consider while designing a plant (FSR 2001-01), taking account of seismic risks while designing a plant, 
etc. Most FSR are specific to one type of nuclear facilities (mostly NPP). Some FSR have been rewritten 
since 1990 and have the particularity of concerning all types of facilities (NPP and the others). However no 
FSR gives any requirement about ageing management. 

As most FSR were written in the 1980s, they should have to be rewritten. In this case they will be divided 
into 2 parts: guides presenting objectives; and orders for technical requirements. Guides and orders will 
belong to the technical regulatory framework. 

Finally licensees, particularly Électricité de France and the CEA, have published technical codes called 
“RCC” which deal with reactors design: 

 The RCC-M for pressurised water reactors. 
 The RCC-MR for sodium-cooled reactors. 
 The RCC-MX for research reactors using materials like Zircaloy. 

3.3. Periodic safety reviews (PSR) 

As said above in chapter 3.1, the TSN law lays out the principle that, unless the construction or dismantling 
license specifies other periodicity, each nuclear installation must be subjected to a safety review every ten years. 

The ASN has described its requirements in a guide regarding periodic safety reviews 2. Three mains 
objectives are targeted: 

 To check the conformity of the installation with the description given in the safety reference report. 
 To reassess the design of the installation taking into account current knowledge, codes and 

standards. On that subject, the ASN considers as very important to take into account the lessons 
learned from operational experience of the facitlity but also of other similar installations in France 
and, as far as possible abroad. 

 To examine the necessity to proceed to improvements intended to take into account both the changes 
in the regulations and the possibility of continuing operation for the next years. 

It has to be said that a periodic safety review can conclude with the necessity of definitively shutting down 
a plant. 

The reassessments conducted since the end of the nineties have shown that very high investments 
(financial and human) were necessary to comply with the ASN safety requirements. It has led operators 
either to shut down facilities (about 20 CEA facilities and 10 AREVA facilities), or to completely renew 
them with high financial consequences. In some cases, as the subsidies were not foreseen and the budget 
not anticipated, the operators proposed compensatory measures for the safety which were accepted by the 
                                                      
2. Autorité de sûreté nucléaire, Note SD3-CEA-05, Periodic safety reviews of CEA nuclear facilities (2 December 2005). 
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Safety Authority because they were planned not to last. But some of them lasted much more than planned. 
This fact was taken into consideration when the TSN law and the law on waste (2006) were elaborated; in 
particular, it gave raise to special items concerning the dismantling of facilities. 

Table 2. Past (over the ten last years) periodic safety reviews of the CEA and AREVA facilities 

Year Facilities Main topics Conclusions or state 
1999 Osiris Ageing, accidental situations Definitive shut down 

scheduled for 2015 
2001 Phénix Major reactor renovation work, checks of the vessel and sodium 

circuits, sodium fire hazards 
Restart of operation 
authorised for 720 full 
power equivalent days 

2001 LECA General safety analysis: ageing, seismic reinforcement, criticality Pursuit of operating 
2003 RJH Safety options  
2003 FBFC Renewal of industrial process Continuation of operation 
2003 Melox Enhancing of production capacity Continuation of operation 
2003 LEFCA General safety analysis: ageing, seismic reinforcement, fire hazards Continuation of operation 
2004 Cabri Replacement of the sodium loop by a water loop, seismic 

reinforcement, work needed to comply with the current 
requirements for continuing reactor operations for twenty years 
(Preliminary safety analysis report of the refurbished installation) 

Continuation of operation 
for 20 more years 

2004 LECI + 
PELECI 

General safety analysis of LECI: ageing, external hazards, 
ventilation, containment 
Exploitation beginning of PELECI 

Modification of the creation 
authorisation decree 
Continuation of operation 

2006 Masurca Seismic reinforcements, power supply, command Still on the way 
2006 CERCA General safety analysis Continuation of operation 
2007 STE3 General safety analysis: process, fire hazards Continuation of operation 
2007 Atalante General safety analysis: seismic hazards, criticality, human and 

organisational factors 
Continuation of operation 

2008 RJH Preliminary safety report Creation authorisation 
decree 

2008 Cabri Intermediate safety report Modifications still on the 
way 

2008 HAO Dismantling of some parts of the facility Dismantling decree 
2008 STEL 

Saclay 
General safety analysis Continuation of operation 

Request to anticipate 
dismantling 

2009 Eole + 
Minerve 

Seism, Fire hazards, human and organisationnal factors, safety 
analysis (operating situations approach), containment, criticality, 
external hazards 

Still on the way 

2009 Orphée General safety analysis Still on the way 

3.4. Ageing management in the everyday life of facilities 

Production or process issues or incidents happening can reveal a degradation of the plant. The ASN looks 
for this through incidents reports or information that can be found during inspections. 

The ASN creates every year a provisional inspection program that can be complemented depending on the 
topic: incidents, issues that seem to have priority. Every inspection has a specific subject chosen from a list that 
includes a large number of technical, documentary or managerial subjects. For example: 
 Technical subjects: 

 Fire. 
 Criticality. 
 Static and dynamic containment. 
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 Periodic inspections, maintenance, construction works, ageing. 
 Discharges. 
 Waste management. 
 Pressurised equipments. 
 Plant operation. 

 Documentary subjects: 
 Respect of the order of 10 August 1984, known as the “quality order”. 

 Managerial subjects: 
 Safety management. 
 Human and organisational factors. 
 Control of external enterprises. 
 Emergency planning. 

Some of these subjects are clearly related to ageing management. We have chosen the ones following that 
seem to have the greatest relevance to ageing: 
 Periodic inspections, maintenance, construction works, ageing. 
 Static and dynamic containment. 
 Plant operation. 
 Pressurised equipments. 
 Safety management. 
 Human and organisational factors. 

Table 3. Evolution of the number of inspections of the CEA and AREVA facilities between 2007 and 2009 

 

Inspections whose subject can be related to ageing globally represent a third of the total inspections done 
every year. 

Incidents can also reveal deteriorations or malfunctioning. 

The increase that appears in 2008 compared with the years before is the result of a greater transparency: 
better application of reporting criteria, abandonment of single reporting for similar incidents. It is therefore 
not representative of a real rise in the number of incidents that happened in 2008. 

Incidents concerning the following issues can be related to ageing management: Periodic controls, 
maintenance, Static and dynamic containment and Plant operation. 
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Figure 2. Number of incidents reported by the CEA and AREVA facilities between 2001 and 2008 
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Table 4. Incidents reported by the CEA and AREVA facilities between 2001 and 2008 

 

Containment is clearly the most concerned issue: from 26% to 51% of the total incidents reported every 
year. It is this way underlined as one of the most important issue in ageing management. 

4. Global feedback – lessons learned 

The most important issues in ageing management that have still appeared are the following ones: 

1. Seismic resistance: it is one of the most problematic issues to be examined during a periodic safety 
review of an aged facility (= authorised before 1980). In fact these plants have been constructed while 
respecting standards, guides and other technical texts existing at the time. All of this framework has 
been modified after 1980; particularly the current framework requires taking into account for design 
greater seismicity levels. Therefore the examination of compliance of the plant state with the current 
regulatory framework usually concludes that the facility would not be able to resist the earthquake 
determined using the FSR 2001-01. As renovation works necessary to comply with the seismic 
resistance are usually very expensive and can constrain the plant operation, the licensee often hesitates 
between deciding to continue operation or to dismantle. 

2. Equipment obsolescence: this issue concerns especially control and instrumentation. In fact this kind of 
equipment (which are usually one-off pieces of equipment made specifically for this purpose) often 
either are no longer available on the market or are no longer cost-effective to maintain. Licensees have 
then no choice but to change periodically such unique equipment for more standard equipment, without 
knowing whether the new ones will be adapted to the tasks the equipment has to do or how long it will 
be possible to find suppliers able to maintain them. 

3. Containment failure: time can be a great enemy to containment systems. Some of them can hardly be 
changed but by making very heavy works : ventilation pipes that can become dirty, full of nuclear 
materials or leaky; discharge networks for nuclear liquid waste that can become leaky but can be 
inaccessible; walls of hot cells that can become porous. 

4. Ageing of materials: some materials can age badly. For example, oiled windows of hot cells or 
transparent walls of gloves boxes can become yellow, and even opaque, because of radiations. It is 
also known that some types of steel or of metallic materials can lose quickly strength when bombarded 
by radiations. 
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5. Working place ergonomics: working places in aged facilities can have poor ergonomics because this 
issue was not really taken into account when they were designed and built. They have been laid out 
since for different reasons: enhancing the process or the functionality, adding another working place in 
the same room, changing materials, etc. But these modifications have not always been put in place 
with a prior ergonomic analysis. 

6. Competence maintenance: aged facility staff is progressively retiring, especially the ones who have 
participated the plant start or a large part of its life. This lack of ability is not always properly 
anticipated by the licensee who can be then faced with the following issue: new employees maybe do 
not know well the plant operation or systems, and this can create problems by misunderstandings or 
errors. In addition the ASN has still noted points in keeping the facilities‟plans up-to-date. 
Competence maintenance and corporate memory can be essential issues for continuing a plant 
operation or for decommissioning it. 

5. Conclusion 

Up to the TSN law (2006), the ageing management supervision has been essentially assured in France 
through the periodic safety reassessments (PSR) of the nuclear basic installations. For the FCFs, as well as 
for the research facilities, the ten year periodicity of the PSR was not clearly required by the regulator, 
mainly because it was commonly felt that these installations were of a less safety importance compared to 
the NPPs. So, for some facilities, no PSR had been realised from the beginning of operation. 

Under these circumstances, most of the operators of non-NPP facilities did not involve themselves in a 
high level of priority for the maintenance of the safety of their facility and the reliability of the item 
important to safety. Especially those linked to the containment gradually withdrew quite far from the 
updated regulatory standards, even when the industrial and research performances were maintained at the 
top level; besides, no major incident occurred. 

This experience feedback was widely taken into account when the TSN law and the ministerial order of 
15 November 2007 were written. It led to a specific regulation for the dismantling of NBI and to new juridical 
power for ASN to constrain the operators to shut down or to renew their facilities in time. 

But the actual challenge for ASN is to include in the new regulatory texts the necessity of taking into account 
the phenomenon of ageing, not only through the PSR but all along the life of the FCFs. The operational 
experience feedback and the inspections show that a high level of safety through the whole life of a facility is 
obtained not only by an adapted curative maintenance, but depends on the capacity of the operators to prevent 
the phenomena of ageing by the surveillance of the plants, foreseen budgets, anticipated investments, 
appropriate programs of research, and structured historical knowledge. 

There is also the necessity of a highly efficient organisation where large exchanges could occur around 
these topics; it led to develop a high safety culture, a necessary attention to the maintenance of the 
competences and a high control of the subcontracting. 

The safety requirements for these items will be mainly defined in the PMS (politics and management of 
safety) ministerial order3 and lead to an enlarged definition of the items important to safety including 
organisational factors as well as material ones (structures , systems and components in the IAEA meaning). 

The ageing phenomena as well as obsolescence for the organisations should be completely introduced in the 
safety demonstration through the specification of a complete panel of items important to safety, written down 
in the safety reports and safety cases and declined in the general regulatory rules. The methodology for the 
safety analysis should introduce the means to identify and justify their relevance and their adequacy. These 
requirements will be introduced in ASN decision planned to be published in 2010 and 2011. 
                                                      
3. Planned in 2010. 
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Appendix 
List of existing fundamental safety rules (FSR) 

Technical subject Text reference 
Year of 

last 
revision 

Applicable to: 
All 

nuclear 
plants 

NPP 
only 

Non-
NPP 
only 

Hazards related to aircraft crashes FSR I-2-a 
FSR I-1-a 

1980 
1992 

 X  
X 

Hazards presented by the industrial 
environment and transportation routes 

FSR I-2-d 
FSR I-1-b 

1982 
1992 

 X  
X 

Hazards related to external flooding FSR I-2-e 1984  X  
Calculation of seismic motions to be 
considered in safety analysis 

FSR 2001-01 
 

2001 X   

Seismic instrumentation FSR I-3-b 1984  X  
Site geological and geotechnical studies, 
determination of ground characteristics and 
soil response studies 

FSR I-3-c 1985  X  

Safety aims and design for surface 
installations intended for the long term 
storage of short or medium half-life solid 
radioactive waste, of low or medium 
specific activity 

FSR I-2 1984   X 

Ioniser design bases FSR I-2-b 1992   X 
Prevention of criticality hazards FSR I-3-c 1984   X 
Fire protection Ministerial order of 

31 December 1999 
2006 X   

Design and operation of ventilation systems FSR II-2 1991   X 
Purifying equipments in ventilation systems 
of nuclear research reactors 

Nuclear Authority 
rule Nr C-
12308/86 

1986   X 

General provisions applicable to the 
production, surveillance, processing, 
packaging and storage of various types of 
waste resulting from pressurised water 
reactor fuel reprocessing 

FSR III-2-a 1982   X 

Special provisions applicable to the 
production, surveillance, processing, 
packaging and storage of various types of 
high activity vitrified waste resulting from 
pressurised water reactor fuel reprocessing 

FSR III-2-b 1982   X 

Special provisions applicable to the production, 
surveillance, processing, packaging and storage 
of various types of medium activity bitumen-
solidified waste resulting from pressurised 
water reactor fuel reprocessing 

FSR III-2-c 1984   X 

Special provisions applicable to the 
production, surveillance, processing, 
packaging and storage of various types of 
cement-solidified waste resulting from 
pressurised water reactor fuel reprocessing 

FSR III-2-d 1985   X 

Prerequisites for acceptance of batches of 
encapsulated solid radioactive waste for 
surface storage 

FSR III-2-e 1995   X 
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Appendix 
List of existing fundamental safety rules (FSR) (Cont‟d) 

Technical subject Text reference 
Year of 

last 
revision 

Applicable to: 
All 

nuclear 
plants 

NPP 
only 

Non-
NPP 
only 

Definition of design and construction 
objectives for the disposal of radioactive 
waste in deep geological formations 

ASN guide of 12 
February 2008 

 

2008   X 

Development and use of probabilistic safety 
analysis 

FSR 2002-1 2002  X  

Risks of emission of missiles following 
bursting of turbogenerator sets 

FSR I-2-b 1980  X  

Application of the single failure criterion in 
safety analysis 

FSR I-3-a 1980  X  

Design of the containment spray system FSR II-2-2-a 1985  X  
Construction and operation of the main 
secondary system 

FSR II-3-8 1990  X  

Classification of mechanical components, 
electrical systems and civil words structures 

FSR IV-1-a 1984  X  

Requirements to be taken into account when 
designing safety-related mechanical 
components conveying or containing 
pressurised fluid and classified as level 2 or 3 

FSR IV-2-a 1984  X  

Requirements to be taken into account in the 
design, qualification, startup and operation 
of electrical equipment for safety-related 
electrical systems 

FSR IV-2-B 1985  X  

Determination of radioactivity released form 
fuel to be considered in accident safety analysis 

FSR V-1-a 1982  X  

Meteorological instrumentation FSR V-1-b 1982  X  
General rules applicable to civil works 
(code RCC-G) 

FSR V-2-b 1981  X  

General rules applicable to the construction 
of mechanical equipment (code RCC-M) 

FSR V-2-c 1986  X  

General rules applicable to the construction 
of electrical equipment (code RCC-E) 

FSR V-2-d   X  

General rules applicable to the construction 
of fuel assemblies (code RCC-C) 

FSR V-2-e 1981  X  

Seismic design for civil works ASN guide 2/01 2006  X  
General rules applicable to civil works 
(code RCC-G) 

FSR V-2-j 1988  X  

Software of safety-classified electrical systems RFS II.4.1.a 2000  X  
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ASSESSMENT OF AGEING OF FUEL CYCLE FACILITIES (FCF) BY ASN AND IRSN 

Dr. D. Conte 
Autorité de sûreté nucléaire (ASN), France 

J-P Daubard and M. Guillard 
Plants, Laboratories, Transports and Waste Safety Division (DSU) of IRSN, France 

Abstract - The French nuclear fuel cycle facilities (FCFs), classified as “Basic Nuclear Installation” (BNI), are 
operated in the new legislative and regulatory framework, implemented in 2006. The major steps of the BNI life cycle 
are subjected to a licensing-procedure and are authorised by a decree prepared by ASN. The operating authorisation 
decree is not limited to a specific duration. However, the decision to extend the operation life of a facility is examined 
by the regulator at least every 10 years during periodic safety reviews (PSR). 

The ageing must be specifically considered during PSRs. With this end in view, the PSR includes two ASN 
requirements: a conformity check to the safety documentation and authorisations and a safety reassessment in the 
light of current safety standards and practices, operating feedback and incidents.  

The technical assessments are essentially provided by IRSN, as support of the safety authorities. Based on its 
experience feedback, the IRSN has noticed that the licensees have generally increased the ageing management of 
their facilities during recent years and, particularly, their taking into account in the PSR. 

IRSN manages a database concerning the incidents declared to ASN arising in the FCFs. A cross-cutting analysis 
performed by IRSN shows that ageing mechanisms are not a significant cause of events, except for a few specific 
cases, but IRSN considers that the licensees have to analyse, in the frame of PSRs, all the events which have occurred 
in their facilities. Furthermore, the incident report sent by the licensees must still be improved by a better 
identification and treatment of the root causes of events. 

1. Introduction 

The present document concerns the nuclear fuel cycle facilities (FCF). In the French regulation, they are 
classified as “Basic Nuclear Installation” (BNI). The “fuel cycle facilities” considered in this document are 
mainly: 

 Facilities belonging to the front-end of the cycle: conversion and enrichment of uranium plants at 
the Tricastin site, uranium fuel manufacturing plant in Romans-sur-Isère, MOX fuel manufacturing 
plant at the Marcoule site. 

 Spent fuel reprocessing plants at La Hague site. 
 Laboratories and research facilities in several sites, essentially at Cadarache site, Marcoule site and 

Saclay site. 
 Liquid and solid waste treatment and conditioning facilities in many sites. 
 Waste storage facilities in different sites. 
 Waste disposal facilities at the Manche site and Aube site. 

These facilities are owned or operated by several operators, but the three major ones are AREVA, CEA 
and ANDRA. 

2. Overview of the legislative and regulatory framework concerning basic nuclear installations 

2.1. Global framework 

Historically, the French decree n° 63-1228 (11 December 1963) defined the general requirements for the 
management of nuclear safety in the BNIs at different stages of their life (creation, operation, modification, 
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final shutdown…). A significant evolution concerning nuclear safety in France was the adoption, in June 
2006, of the law on transparency and security in the nuclear field, known as the “TSN” Act (Law n° 2006-
686). This Act applies to all nuclear facilities that are classified as BNI: NPP, fuel cycle industrial 
facilities, nuclear research installations, storage facilities and disposal facilities. This act provides a new 
legislative basis for nuclear safety and radiation protection. (See also the ASN presentation at WGFCF). 

Over the years 2006 and 2007, several implementation decrees have been issued regarding the BNI 
regulation. In particular, the decree n°2007-1557 (2 November 2007) defines the procedures of the new 
BNI regime (known as “Procedures Decree”). This framework requires that the major steps in the life cycle 
of a BNI are subjected to a licensing-procedure and shall be authorised by a decree, prepared by ASN. The 
“Procedures Decree” specifies the requirements concerning the different life stages of the facilities and, in 
particular, the safety-related documents to be submitted to the Regulator. 

In France, the authorisation to operate a BNI is not limited to a specific duration. The operation of a facility 
is examined by the regulator at the time of every periodic safety review, based on the proposals and 
corresponding justifications submitted by the operator. 

Following the issuance of the implementing decrees of the TSN Act, ASN is currently preparing a new 
ministerial order specifying its requirements concerning the safety of all the French BNI. The safety 
management throughout the life cycle of the facilities shall be a specific item. At the same time, ASN is 
preparing a document deriving from the order, which specifies its requirements concerning the PSR. 

2.2. Technical support provided by IRSN to the French NSA 

With regard to the review of the safety documents submitted by the applicants, ASN relies on technical-
support organisations. Technical assessments are essentially provided by IRSN. The assessment report 
prepared by IRSN may also be the basis for a review of the applicant‟s safety documents by an Advisory 
expert group who gives its opinion and recommendations to ASN. 

Concerning the assessment of facilities, IRSN is divided into departments devoted to general safety 
assessment and departments specialised in studies and assessments in specific safety domains (radioactive 
materials containment, radiation protection, sub-criticality control, fire and explosion protection, 
earthquake protection, electrical power supply and I&C, human factors, emergency management…). The 
experts work on all aspects of nuclear safety including ageing issues (containment, mechanical, 
electrical…). These experts assess both NPP and FCF; so they have an overall view of safety issues 
concerning the facilities. Moreover, IRSN manages databases concerning incidents arising in the French 
nuclear facilities and declared to ASN. Thanks to these databases, the lessons learned from experiences are 
used in the assessment of facilities (events due to ageing effects in particular). In this respect, the chapter 5 
of this document presents the main conclusions due to ageing effects of a cross-cutting study derived from 
a statistical analysis of the FCFs database. 

Moreover, IRSN implicates in various fields of studies that are necessary to enable an independent safety 
assessment of nuclear facilities. Some concern ageing of installation, such as mechanical engineering 
(thermal fatigue, vibration, wear phenomenon…) or civil engineering (concrete creep…).In the framework 
of the WGFCS workshop, a paper, prepared by the IRSN, presents some examples of the research 
and studies led by the IRSN in the field of ageing in fuel cycle facilities. 
Given that a large part of the French FCFs were started more than 10 years ago, their periodic safety 
reviews (PSRs) is a growing part of the IRSN technical evaluation activities. The periodicity now defined 
by the law leads to several periodic safety reviews each year. For example, recent periodic safety reviews 
have included, since 2006, seven fuel cycle facilities and research laboratories (needing about twenty 
engineers full-time). One of the main difficulties is the assessment of the measures proposed by the 
operators to remove identified non-conformities. In force safety requirements cannot always be fully 
implemented in old-design facilities. Therefore, the operator proposes countermeasures to obtain an 
equivalent safety level. 
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3. Ageing management over the lifetime of fuel cycle facilities 

3.1. French regulation and NSA requirements 

In the “TSN” law, the objectives of the safety reassessment of BNIs have been precisely defined. Indeed, 
concerning this item, the law indicates that “the licensee of a nuclear installation carries out a safety 
reassessment of its facility periodically, taking into account the best international practices. This review 
must allow a clear view of the facility’s situation in regard to the applicable rules, and update the hazards 
or drawbacks concerning the facility today… taking into account in particular the state of the facility, its 
operating feedback, as well as the evolution of know-how and of rules applied to similar facilities. The 
licensee must send a report to the Nuclear Safety Authority and the ministries in charge of nuclear safety, 
setting out the reassessment conclusions and, if necessary, the measures to be taken in order to mitigate 
any observed non-conformity or to improve safety. The periodic safety review should occur every ten 
years. However, the creation decree could define a different periodicity depending on the specific 
characteristics of the facility”. 

It is important to note that, up to now, there is neither a definition of ageing management, nor a specific 
requirement concerning this item in the French regulation (law, decree, order). There are no formal 
requirements about this item in mandatory safety-related documents (safety report and general operating 
rules in particular). 

With regard to the periodical safety review of fuel cycle facilities owned or operated by AREVA, ASN 
notified by a letter in 2003 to the corresponding licensees/operators its requirements concerning this 
review. In this letter, ASN requested the licensee to particularly assess the effect of ageing on the safety of 
their facilities. Likewise, ASN notified to CEA, by a letter in 2006, its requirements concerning the content 
of the safety reassessment and its organisation. This letter particularly insists on the methodology of the 
reassessment (conformity examination and safety reassessment). Regarding the conformity examination, 
this document specifies notably that “The conformity examination aims at making sure that the evolution of 
the facility, due to modifications, obsolescence or ageing, do not question the demonstration of safety 
exposed in the safety documents of the facility”. 

These two above-mentioned letters should be soon replaced by one the ASN documents mentioned at 
the end of chapter 2.1. 

3.2. Ageing management in the fuel cycle facilities field 

3.2.1. General points on methodology 

Despite the current lack of definition of ageing management, it is generally accepted in the French nuclear 
field that the ageing management of a facility comprises the measures taken to ensure the safety during 
all the life cycle. The ageing effects include all the mechanisms that can deteriorate, over time, the 
systems, structures or components (SSC) important to safety (i.e. specific barriers for preventing the 
occurrence of initiating events and for mitigating the consequences of incidents or accidents) and the 
obsolescence of these SSCs. It is the responsibility of each licensee to define the SSCs of their facility and 
justify them in the safety case. 

More specifically, the ageing effects include: 

 The deterioration of safety SSCs due to the process characteristics (temperature, pressure, corrosive 
or abrasive products handled in the process…) or due to the environment of these SSCs 
(deterioration induced by a high level of radioactivity…). 

 The deterioration of SSC due to normal wear (mechanical equipment, pumps, valves…). 
 The natural deterioration of materials with time, (concrete of buildings). 
 The obsolescence of SSC (in particular electric and electronic equipment and software). 
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The ageing effects must be analysed for all the functions of a facility for which safety requirements are 
defined (safety functions). These safety functions (containment of radioactive materials and chemical 
hazards, protection against irradiation, prevention of criticality risk, prevention of radiolysis risk, evacuation 
of decay heat…) are identified by the applicant/operator when the safety analysis shows that their impairment 
may lead to radiological or chemical consequences for the workers, the public and the environment. 

3.2.2. Ageing management in the licensing process of fuel cycle facilities 

The safety ageing is to be considered continually during the lifetime of each BNI and especially at the 
times of the construction and commissioning of this BNI (design), as well as during the periodic safety 
review and at the time of its dismantling. Given that the PSR is an essential step of the ageing management 
of FCFs, ASN requirements concerning the PSR are detailed below. 

Periodical safety review 

The design and the operation of facilities are based on a wide range of feedback. Nevertheless, these facilities 
must continuously be adapted to the technical development. In this context, it is important to periodically review 
the safety of these facilities taking into account changes in safety requirements, know-how, facility 
environment, as well as the operating experience feedback, lessons learned from events, the evolution of the 
facility due to modifications or ageing effects. According to ASN requirements, the periodic safety review is 
composed of two parts: the conformity check and the safety reassessment. 

Objectives of the conformity review 

The licensee has to review the conformity of the facility to its safety documentation and authorisation. The 
review has to include, in particular, an inventory of the design and operation requirements associated with 
the safety related elements (equipment, building…) and an examination of the facility conformity to these 
requirements. 

It is important to check that the evolutions of the facility and its operating rules, due to modifications or 
ageing effects, do not compromise the safety requirements presented in the safety case. For that purpose, the 
operator must perform an appropriate program of test and control of SSCs (safety components inside the 
facility, building…). In some cases, the old facility licensees do not have all the necessary information to 
justify that the ageing issues of SSCs are well managed, due for example to a loss of design documents or a 
lack of data provided by direct testing (equipment without monitoring for example). For these facilities, it is 
very important that the licensees perform a detailed PSR, in particular to check that the SSCs: 

 Are able to meet the safety requirements presented in the safety case (by collecting information, 
consolidating data by controls and measurements…); as necessary, specific monitoring of pieces of 
equipment must be implemented to compensate knowledge deficiencies. 

 Ensure the sufficiency of the safety arrangements taken to prevent abnormal events and to mitigate 
their consequences. 

Safety reassessment 

The safety reassessment must take into account: 
 The facility operational feedback and the lessons learned from past events in similar facilities in 

France or foreign countries. 
 The evolution of safety practices and safety standards. 
 The evolution of technical practices and regulations. 
 The evolution in the hazards, in particular external hazard from natural origin (seismic, flooding…) 

or human origin (off-site explosion, air-plane crash…). 
 The evolution concerning the population located in the vicinity of the facility. 

The safety reassessment is the opportunity to review the existing safety level of the facility in the light of 
current safety standards and practices (e.g. guides, standards and fundamental safety rules), taking into 



NEA/CSNI/R(2010)4 

53 

account the operating feedback (dose measurements, effluent, waste, abnormal situations, incidents…) as 
well as the lessons learned from incidents or accidents which have occurred in similar French or foreign 
facilities (e.g. the Tokaï-Mura criticality accident in 1999). The ageing of buildings, structures and 
equipments (by wear or corrosion for example), which could have an influence on the safety level, 
must be examined in detail. Moreover, the future of the facility planned by the licensee (lifespan, 
evolution of the activities and of the radioactive materials involved) has also to be taken into account. 

Safety review process 

In general, the safety review is an important process taking several years, including the updating of the 
safety documents (safety report, general operating rules, emergency plan) by the operator and the 
consulting of the concerned advisory expert group based on an expertise carried out by IRSN. 

On the request of ASN, IRSN carries out a comprehensive assessment of the facility‟s safety, in particular 
examining the acceptability of the measures proposed by the licensee. The objective is not necessarily to 
eliminate all the existing non-conformities but to check that the safety and radiation protection measures of the 
facility are satisfactory within the context of its future operation as defined by the operator, and fully in 
compliance with the regulations in force. To conclude the periodic safety review, ASN sends the licensee a 
document specifying the conditions associated with the facility operation continuation. 

Stakes for the licensee 

The stakes of such a review are often high for the operator, given that it determines the future of the facility, 
especially for the older ones. With regard to old facilities which would be difficult to bring up to the current 
safety standards, the licensee can decide to shut-down its facility rather than undertaking costly refurbishment 
works or implementing several costly modifications, Thus, as the issues related to the seismic behaviour often 
lead to ASN demands concerning the reinforcement of parts of the facility, the non-feasibility of such works 
could lead the operator to shut down the facility in a more or less short term; as an example, it was the case for 
the plutonium technology facility (ATPu) located in the Cadarache site. 

4. Feedback from IRSN assessments about ageing effects concerning the last PSR of FCFs  

4.1. Recent periodic safety reviews 

Since the year 2000, several PSRs of FCFs have been performed by the French operators AREVA and 
CEA. The most important ones include: 

 Facilities belonging to the front-end of the cycle (enrichment of uranium plant and uranium fuel 
manufacturing plant). 

 Facilities belonging to the spent fuel reprocessing plants at La Hague site. 
 Research laboratories and a spent fuel storage facility located in several CEA sites. 

The age of these facilities is very different, including old plants (more than 40 years) as well as plants put 
into operation approximately 15 years ago. These facilities constitute a representative group of French 
FCFs, ranging from plants in which highly radioactive materials are handled, to research laboratories. 

4.2. Main information coming from IRSN assessments  

4.2.1. General comments concerning the safety-related documents of FCFs 

As a rule, the most important ageing effects (due to the potential consequences of the failure of safety 
components) are analysed in the safety documents send by the licensees (analysis of chemical corrosion of 
vessel and pipes participating in the confinement of radioactive materials for example). The corresponding 
safety demonstration is essentially based on the “defence in depth concept” (prevention of unwanted events, 
detection and mitigation of the consequences). Moreover, the licensees generally explain that the first line of 
defence against the harmful ageing effects is based on the design and on the quality of construction of the 
facilities. In this regard, the IRSN assessment feedback has shown, especially for the old plants that some 
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ageing mechanisms were not completely accounted for during the design of the facilities. These deficiencies 
were essentially due to a non-sufficiently exhaustive analysis of the potential alteration of safety equipments 
by ageing mechanisms during the initial design. 

However, the licensees are very concerned about this issue and take measures do deal with it (design 
margins, implementation of defence barriers, maintenance program, periodical testing and safety event 
treatment…). An interesting example to illustrate the concern of the licensees about ageing management is 
the uranium enrichment plant located at the Tricastin site, which was progressively put into operation 
between 1978 and 1982. Indeed, the licensee of this facility has taken, over time, specific measures to 
manage the leaks on the process cooling circuit exchangers due to ageing effects. 

4.2.2. General comments concerning the recent PSR documents analysed by IRSN 

Comment concerning the conformity examination methodology 

At the beginning of the PSR of a facility, a structured and rigorous method must be applied by the licensee to 
analyse the evolutions of its facility and the different ageing mechanisms which could affect the SSCs. 

At the PSR step of a facility, IRSN considers that this method must be based on: 
 The selection of SSCs important to safety and the identification of ageing mechanisms that can 

assign them (couples “safety equipment /damage mechanism”). 
 The analysis, for each couple selected, of the adequacy of the measures of initial design and 

construction, operation, monitoring and maintenance, aimed at detecting the effects of ageing and 
at curing it. It could be based on the examination of the experience feedback, the capitalisation of 
knowledge and the consideration of the risks of obsolescence, as well as identifying or even 
developing practical and effective methods to monitor and mitigate the damage mechanisms. 

 The definition of improvements to carry out, resulting from the preceding analysis, to supplement 
its control of the ageing management. 

This general approach is similar to the International Atomic Energy Agency (IAEA) recommendations 
about the ageing control of a facility. 

Comments concerning the content of the PSR safety-related documents 

Based on the analysis of the recent periodic safety reviews of FCFs, IRSN has noticed that the licensees 
have a similar approach to accounting for ageing effects on the safety of their facilities. Despite some 
differences between the licensees, the global approach includes the following points: 
1. The analysis of the operating experience feedback of the facility, including notably safety events. 
2. A conformity examination of SSCs (more or less extensive depending on the licensees), concerning 

especially SSCs which are not tested periodically, such as SSCs located in areas with high levels of 
radioactivity (pipes and vessels in reprocessing plants in particular). These controls aim to check the 
ability of the equipment to fulfil the safety requirements for the next 10 years. 

3. A periodic testing program and preventive maintenance program for SSCs. These programs are 
generally a key point of ageing management in fuel cycle facilities. Concerning the SSCs for which 
direct regular testing was not possible, the licensees generally describe the indirect measures 
implemented or the specific verification activities performed. The periodic testing program and 
preventive maintenance programs generally take into account the recommendations of the 
manufacturers concerning the corresponding components (replacement of obsolete equipments such as 
electrical and electronic equipment in particular). 

4. The proposal of an action plan to improve the safety level. 
5. The constitution of a stock of spare parts of components important for safety. 

The IRSN has noticed that the licensees have generally increased the ageing management of their facilities 
during recent years (organisation, method, means allocated...) and, particularly, their taking into account in 
the PSR. 
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4.2.3. Ageing management prospect 

In the coming months, several PSRs are planned, concerning in particular major fuel cycle facilities (MOX 
fuel manufacturing plant at the Marcoule site and two reprocessing plants at La Hague site). 

Based on the latest exchanges with the corresponding licensees, these licensees have defined a specific 
methodology to prepare the PSRs, consistent with the NSA requirements. In particular, the modifications 
that have occurred since the construction of the facilities and the effects of ageing on the installations and 
safety components should be specifically analysed. 

Regarding the ageing effects, the analysis should be based on a structured method taking into account the 
importance for the safety of the SSCs (categorisation of the SSCs according to their importance for the 
safety) and the different ageing mechanisms. The characteristics of the equipments should also be 
considered (replaceable equipment or equipment not planned for replacement, including equipment 
designed at the plant conception with a lifetime equivalent to the plant). 

Besides the methodology, the licensees have built up dedicated project teams to perform the different 
aspects of the PSR: the conformity examination and the safety reassessment, in order to improve the 
quality and the completeness of the PSRs. 

In the framework of the WGFCS workshop, a specific paper, prepared by AREVA, will present in more 
detail the measures taken to perform the PSR of the reprocessing plants at La Hague (UP3A-800 and UP2-
800 plants). 

5. Operational experience feedback (OEF) and lessons learned from events 

One key point of the periodical safety review (PSR) of a BNI concerns the analysis of the operational 
experience feedback related to safety and radiation protection (doses received by workers, discharge of 
radioactive effluents on the environment, radioactive waste, abnormal situations, incidents…) as well as 
major events in similar facilities in France or abroad. In the safety-related documents corresponding to the 
PSR, the licensee has to describe the lessons learned from these different subjects and to justify the 
corresponding provisions foreseen to improve the safety and the radiation protection of its facility. In order 
to be able to make an independent assessment of the lessons learned from events, IRSN manages a 
database concerning the incidents declared to ASN in the French FCFs. The following chapters present: 

 The French regulatory framework and procedures for incident declaration and reporting. 
 The database used by IRSN for technical analysis and the use of OEF derived from events declared 

in France. 
 The main conclusions derived from a statistical analysis of the database concerning events due to 

ageing effects, which have occurred in French FCFs. 

5.1. Regulatory framework for incident declaration and corresponding procedures 

Since the beginning of the nineteen sixties and the decree 63-1228 of 11 December 1963 concerning BNIs, 
the licensees are subjected to specific obligations concerning the declaration of incidents and accidents to 
the corresponding authority. In the current enforceable law regarding BNIs (“TSN law”), issued in June 
2006, similar obligations are defined. 

Every licensee carries out a process to detect, manage and treat every event that could occur in its facility. 
This process must be used to detect every event, including the major ones declared to ASN but also the 
minor ones. If the analysis of major events is an important step to improve safety, it is also important that 
the licensees analyse minor events, especially repetitive ones, which could be the sign of a safety issue 
requiring an in-depth assessment. 

In the beginning, the declaration obligations concerned only events related to nuclear safety. The safety 
authority has extended, gradually, these obligations to other domains: the transport of radioactive 
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materials, the radiation protection and the environment. To ensure that the licensees realise a priority 
treatment of the major events, ASN defined, few years ago, a set of declaration criteria for FCFs. The 
events that fulfil one of these criteria are called “significant events”. With regard to these significant 
events, ASN issued a procedure concerning, in particular, the declaration forms and the event reports. This 
procedure involves: 

 A standard declaration form to be transmitted to ASN within two days after the incident occurred. 
 An incident report to be provided by the licensee within the two months following the incident. In 

this report, the licensee has to provide a detailed analysis of the incident including the root causes, 
the actual and potential consequences and the corrective actions. 

The INES scale was introduced in France for public information in 1994. 

5.2. Analysis of incident data for OEF by IRSN 

Before 2008, the current declaration criteria led to the declaration of around 150 incidents per year for non 
reactor facilities (fuel cycle facilities, research facilities and facilities under decommissioning or dismantling). 
In 2008, around 200 incidents were declared to ASN by the licensees; an increase of events related to the 
environment1 was particularly noticed. The most significant incidents are analysed by IRSN. They give rise 
to specific reports sent to ASN, aiming at analysing the scenario, the consequences and especially the 
adequateness of the proposed corrective actions to prevent the repetition of similar events. During the recent 
years, IRSN issued around ten such reports per year. More generally, IRSN takes incident data into account 
in the framework of every step of the licensing process of FCFs (new facilities, facility modifications, 
periodic safety review of facilities…). Moreover, IRSN takes incident data into account for cross-cutting 
studies. In this regard, IRSN is undertaking a cross-cutting analysis of the events which occurred during the 
years 2005 to 2008. This analysis should be completed within the second semester 2009; the conclusions will 
be published on IRSN web site (www.irsn.org). 

5.3. Brief description of the data base “SAPIDE LUDD” 

Since 2004, IRSN operates a dedicated data base “SAPIDE LUDD” which stores all the collected 
“significant incident” data which occurred in non-reactor facilities. The SAPIDE LUDD software is 
operated on IRSN Intranet and is available to all IRSN authorised users (safety experts, engineers, 
researchers…). The data base contains: 

 The documentation related to the events (declaration, report, follow-up letters from ASN, follow-
up inspection reports covering the corrective action implementation, appraisals…). The 
documentation is accessible on line to the users. 

 A standard coding system for identifying and categorising the context, the observed and root causes 
and the type of concerned equipments. 

 Dedicated indicators aiming at characterising the degradations of safety and radiation protection as well 
as the consequences of events to the workers, the population and the environment. 

 Flexible search functions for data extraction according to operator defined criteria on the different fields 
of the database. The resulting data are made available under EXCEL format tables. 

An incident data sheet is created for each event declared to the safety authorities. In addition to the 
indicators and coding information, every sheet contains a description of the event, its causes, actual and 
potential consequences, and the corrective actions proposed by the licensee. All the available information 
is used and synthesised to fill these sheets. In order to ensure the correctness of the information of each 
sheet, a validation process is carried out. 

A specific effort was made, a few years ago, to introduce in SAPIDE LUDD the pre-existing data related 
to past incidents. Therefore, SAPIDE LUDD currently contains data sheets related to incidents dated since 
                                                      
1. The declaration criteria related to the environment include both radioactive and chemical effluents for which regulatory limits 

are defined. 

http://www.irsn.org/
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the nineteen sixties. Of course, for the older incidents, the data and list of incidents cannot be guaranteed to 
be comprehensive due to historical reasons (declaration criteria and practices, data collection 
procedures...). Nevertheless, all the pre-existing documentation has been scanned and linked to the data 
sheets. SAPIDE LUDD also contains the most significant or documented foreign incidents collected from 
various sources, such as FINAS. 

SAPIDE LUDD is a user friendly search tool that allows an easy access to all the incidents that occurred in 
a specific facility but also in comparable facilities or in facilities involving the same kind of process or risk. 
SAPIDE LUDD is a very extensive data base. In September 2009, more than 4 400 data sheets are 
available in the “SAPIDE LUDD” data base. 

5.4. Cross-cutting analysis of the database “SAPIDE LUDD” concerning events due to ageing effects 

To perform this analysis, flexible search functions can be used for data extraction according to defined 
criteria on the different fields of the database including, causes, consequences, safety functions affected. 
Especially, the observed and root causes of an event are categorised; different categories were defined to 
code the technical, human or organisational causes of the events. With regard to the technical causes, three 
large categories were defined: “conception issue”, “realisation issue” and “equipment failure”, with a 
standard coding of the origin of the cause. 

Concerning the category “equipment failure”, ten different origins were defined including notably: corrosion, 
wear, thermal fatigue, mechanical fatigue, obsolescence and ageing2 cause. This coding enables to distinguish 
the main ageing effects that can cause the failure of equipments. The major difficulty that IRSN has to face to 
perform an appropriate coding of the causes is the completeness of the event report sent by the licensees. 
Indeed, if the observed causes of events are generally presented by the licensees, the root causes are not 
sometimes clearly identified. In particular, the origin of the failure of equipment is not always indicated; this 
comment concerns notably the failure of equipment due to an ageing effect. So, the figures derived from data 
extraction of the SAPIDE LUDD must be taken cautiously and specifically analysed. 

In the present cross-cutting analysis, the objective of IRSN is to present the main conclusions of a 
statistical analysis of the database concerning the possible ageing effects which cause the failure of 
equipment.3 This analysis concerns the events declared to ASN, concerning the years 2005 to 2008. 

The proportion of events for which one cause is related to the failure of equipment due to an ageing effect 
is constant over the period 2005 - 2008. Overall, there is no sign of evolution of the ageing issue in the 
events declared to ASN during this period. 

Table 1 
Proportion of the events declared 

to ASN for whom one cause is 
due to an equipment failure 

Proportion of “equipment 
failure events” due to an 

“ageing effect” 

Proportion of the events 
declared to ASN for whom one 
cause is due to an ageing effect 

Year 2005 32% 52% 16% 
Year 2006 34% 43% 15% 
Year 2007 28% 50% 14% 
Year 2008 30% 47% 14% 

Concerning the year 2008, an increase of leakage of pipes, generating the discharges of radioactive or 
chemical liquid effluents directly on the ground or in sewage system connected to stream, has been noticed. 
These events concern essentially older parts of fuel cycle facilities, most of them located at the Tricastin site. 
                                                      
2. The categorisation « ageing » corresponds to the events caused by the alteration, over the time, of a property of 

equipment. For example, this category includes the alteration over the time of the HEPA filters of the ventilation systems or 
the wear of safety component. 

3. The “ageing aspects” involved in events due to human or organisational causes are not considered in this analysis, 
such as missing information. 
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All these events are related to an ageing cause (corrosion or mechanical fatigue in particular). Despite the low 
impact for the environment, the analysis of these events shows that the “defence in depth concept” has been 
insufficiently taken into account for the conception of these installations (detection of leakage…). The 
significant corrective actions, which have been implemented by the corresponding licensees after these 
events, should allow a reduction of these events in the future; in this respect, we could notice that the 
frequency of these events in the first 2009 semester has become again normal. 

All the diagrams and tables presented below concern only the events for which one cause is related to 
the failure of equipment due to an ageing mechanism. 

Diagram 1 

 
The diagram 1 shows that the events for which one cause is related to the failure of equipment due to an 
ageing effect have occurred, most frequently, in the domain of the industrial fuel cycle facilities. This 
percentage is not very far from the global percentage of all the events declared to ASN (about 50 %, 
percentage relatively constant each year). These figures seem consistent with the industrial operations led in 
these facilities and the age of some of these facilities. In this respect, it is also important to note that a 
significant proportion of these events have occurred in facilities older than 25 years. 

Diagram 2 
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The diagram 2 provides the proportion of events for each ageing mechanism listed in the SAPIDE LUDD data 
base. The figures must be taken cautiously because, as above-mentioned, the event categorisation in the data 
base depends greatly of the information presented in the event report send by the licensees, which is not always 
sufficiently detailed. However, the corrosion of equipment appears to be the most frequent ageing effect; 
generally, these events have led to the failure or the weakness of a component ensuring a containment function. 
The diagram shows as well that the proportion of events related to the obsolescence of equipment seems very 
low. This low percentage appears to be related to an insufficient identification of the root causes of the events by 
the licensees; in this respect, the significant percentage of “other ageing effect” is certainly also due to an 
insufficient identification of the root causes of some events. 

Moreover, the analysis does not show any evolution of these different ageing effects during the period 
considered (no specific increase or decrease); for every year 2005 to 2008, the proportion of each ageing 
effect is rather constant. At least, except for the above-mentioned uranium enrichment plant located at the 
Tricastin site (corrosion of cooling circuit exchangers), IRSN has not underlined any specific correlation 
between the cause of failure of equipment due to an ageing effect and the BNIs. 
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Diagram 3 
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Depending on the events, one or several safety functions may be concerned. In the SAPIDE LUDD 
database, all the safety functions concerned by the events are filled; it explains why the percentage sum of 
diagram 3 is higher than 100 %. 

As foreseeable, the containment functions (static or dynamic) are concerned in about 75 % of the events. 
With regard to the other safety functions, the most frequent one is the function related to the discharge of 
effluents in the environment (about 14 % of the events); the corresponding equipments are essentially the 
pipes conveying the liquid effluents. Criticality safety function was also affected by an average of about 2 
events per year; the high proportion of these events concern the enrichment of uranium plant already 
mentioned (leak of water due to the corrosion of the process cooling circuit exchangers). 

   Table 2 Table 3 

Years 2005 to 2008 Consequences for the 
workers  Years 2005 to 2008 Consequences for 

the environment 
No consequence 94.5%  No consequence 78% 

Slight contamination of 
the body or clothes 5.5%  Consequences inside the 

site limits 5% 

Dose above the 
regulatory limit 0%  Consequences beyond 

the site limits 17% 

The table 2 shows that the very high proportion of the events caused by the failure of equipment, due to an 
ageing effect, has led to no or just minor consequences for the workers (no internal contamination in 
particular). 

Concerning the consequences for the environment (table 3), about 17% of the events have generated a 
discharge of effluents (gaseous or liquid) outside the site limits (discharge out of control or above a 
regulatory limit). A large proportion of these events concern the discharge of chemical substances in the 
environment; few are related to the discharge of radioactive materials. Anyway, these events have 
generated very low consequences for the environment. 

5.5. Conclusion 

The cross-cutting analysis performed by IRSN shows that, during the years 2005 to 2008, the ageing 
mechanisms was not a significant cause of events declared to ASN by the BNIs licensees. None of these 
events have generated significant consequences for the workers, the population and the environment. 

However, it is very important to note that the extent of the analysis performed by IRSN is limited to the 
events declared to ASN; the minor events have not been taken into account. Only an extensive analysis of 
all the events would allow complete conclusions concerning this item. In this respect, IRSN considers very 
important that, over each PSR of a facility, the licensee analyses in detail all the events which have 
occurred in its installation (including the minor events). This analysis must specifically focus on the “root 
causes” of these events in order to find generic causes and identify the measures to improve the safety. 
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SAFETY REGULATION FOR AGEING OF NUCLEAR FUEL CYCLE FACILITIES IN JAPAN 

Toshihiro IMAI 
Deputy Director 

Nuclear Fuel Cycle Regulation Division 
Nuclear and Industrial Safety Agency, Japan 

1. Introduction 

Seven commercial or commercial-scale nuclear fuel cycle facilities (except radioactive waste management 
facilities) are in commission as of the end of August 2009 in Japan. Six facilities of them have been 
operated for over 20 years, and some of them for over 30 years. Under this circumstance, the ageing 
management becomes more important to ensure the safety of the facilities. 

License holders are obliged to implement the technical review of the ageing management and to prepare a 
long-term maintenance program which covers the next 10 years (hereinafter referred to AMR, i.e. ageing 
management review) at the time within 20 years after commission, based on the Rules amended in 
September 2003, provided by the Law for Regulation of Nuclear Source Material, Nuclear Fuel Material 
and Nuclear Reactors (N. R. Law). Nuclear and Industrial Safety Agency (NISA) has set the guide of 
AMR for license holders. 

AMR means the evaluation as to whether current maintenance activities for components and structures 
with safety functions (including safety related functions) are suitable to prevent the loss of safety functions 
caused by the impact of ageing phenomena, through analyses on the evolution of technically conceivable 
ageing phenomena. 

NISA requires license holders operating the facilities for over 20 years to submit the AMR report. NISA evaluates 
the reports with taking notice of the comments from specialists with learning and experience. NISA opens the 
summary of the evaluation to the public. NISA also requires license holders to report the practice of the long-term 
maintenance program subsequently after the annual periodic inspection of the relevant facility. 

In July 2009, NISA has completed the evaluation of four AMR reports prepared by three license holders of fuel 
fabrication facilities based on the guideline to evaluate the adequacy of AMR reports. NISA is evaluating two 
AMR reports prepared by two license holders of uranium enrichment and reprocessing facilities. 

In this paper, an outline of those mentioned above is described. 

2. Status of nuclear fuel cycle facilities in Japan 

Commercial or commercial-scale nuclear fuel cycle facilities in commission as of August 2009 in Japan 
are as follows. 

(1) Four uranium fuel fabrication facilities: 
 GNF-J facility since 1970. 
 MNF facility since 1972. 
 NFI Kumatori facility since 1972. 
 NFI Tokai facility since 1980. 

(2) Two uranium enrichment facilities: 
 JAEA facility since 1988, which is under preparation for decommissioning. 
 JNFL facility since 1992. 
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(3) Two reprocessing plants: 
 JAEA plant since 1981. 
 JNFL plant under final commissioning test, whose spent fuel storage facility just in operation in 

1999 ahead of Main facilities. 
The following facilities are under safety review for licensing. 

(1) Two MOX fuel fabrication facilities: 
 JAEA facility, which has been operated since 1988 as research facility and aims for the industrial use. 
 JNFL facility. 

(2) One spent fuel interim storage facility: 
 RFS facility. 

Figures 1 and 2 show the location and status of nuclear fuel cycle facilities shown above and their years of 
commission, respectively. 

3.  Reinforcement of safety regulation for ageing management 

NISA shall carry out the periodic facility inspection once a year to ensure that safety performance of the 
facility is maintained. Furthermore, NISA shall carry out the inspection of state of observance of safety 
rules and procedures of four times a year to ensure that the observance of the safety rules and procedures is 
maintained. 

In September 2003, NISA added AMR at the time within 20 years after commissioning in the rules for fuel 
fabrication, uranium enrichment and spent fuel reprocessing business, which are under N. R. Law. AMR 
for spent fuel interim storage business is not yet included in the rules. 

Regulatory requirements to AMR are as follows: 
 Review of the evolution of ageing phenomena. 
 Review of the maintainability of safety function (including earthquake proof). 
 Review of the adequacy of current maintenance measures. 
 Definition of additional maintenance measures. 
 Establishment of a long-term maintenance program over the next 10 years based on the above results. 
 Revaluation of AMR within every 10 years after the first AMR. 

The above-mentioned requirements shall not apply to the facilities under decommissioning. 

For effective and efficient implementation of AMR, NISA established the guide of AMR for license 
holders, the guideline to evaluate the adequacy of AMR reports, and a working group with members of 
specialists with learning and experience from universities and research institutes. 

Six AMR reports have been submitted from four license holders of the fuel fabrication, uranium 
enrichment and reprocessing facilities in accordance with the guide of AMR by October 2008. NISA is 
evaluating those reports with the technical support of JNES, taking notice of the comments from the 
working group. 

4. The guide of AMR for license holders 

NISA published the guide of AMR for nuclear fuel fabrication (including uranium enrichment) and spent 
fuel reprocessing facilities, and showed the basic requirements for license holders to implement the AMR. 
Components and structures aimed at AMR are shown in Table 1. 

The outline of the basic requirements is as follows: 

(1) Enforcement system, procedures and process of AMR should be clarified. 
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(2) The targets of AMR should be components and structures with safety functions including supporting 
structures and bolts. Mechanical equipment (or parts) is possible to be excluded from AMR in case 
that license holders can assure their maintenance activities based on the accurate knowledge of the 
degradation state of safety function. 

(3) Technically conceivable ageing phenomena should be extracted without exception under the consideration of 
structures, materials used, conditions and environments in addition to the past maintenance experiences and 
troubles, based on the latest findings and knowledge. The parts which carry safety functions in target 
components and structures should be identified and evaluated. 

(4) The evolution of technically conceivable ageing phenomena during ten years before next AMR should be 
evaluated, and from the results the stressed aging phenomena should be extracted. 

(5) Adequacy of current maintenance measures should be reviewed considering the extracted stressed 
aging phenomena. Necessary additional maintenance measures should be defined for the parts to keep 
their safety functions during ten years before the next AMR. 

(6) Aseismatic safety should be evaluated considering the deterioration of strength and rigidity of components 
and structures resulted from the possible ageing phenomena, and additional maintenance measures for 
aseismatic safety should be defined to be reflected to the maintenance program. 

(7) A long-term maintenance program over the next 10 years based on the defined additional maintenance 
measures should be established. In the program, enforcement system, procedures and schedule should 
be clarified. 

(8) Quality management system on the ageing should be defined and related plans and activities should be 
sustained. 

5. Conclusions 

The ageing management for nuclear fuel cycle facilities becomes more important to ensure the safety of the 
facilities in Japan. NISA has established the rules for AMR, and set the guide of AMR for license holders and 
the guideline to evaluate the adequacy of AMR reports. Six AMR reports have been submitted from four 
license holders and NISA has completed the evaluation of four AMR reports. NISA is evaluating two other 
AMR reports as of the end of August 2009. Through those activities on ageing, it is expected to maintain and 
assure the safety of the nuclear fuel cycle facilities getting older. 

Acronym 

GNF-J: Global Nuclear Fuel-Japan Co. Ltd. 
JAEA: Japan Atomic Energy Agency. 
JNES: Japan Nuclear Energy Safety Organisation. 
JNFL: Japan Nuclear Fuel Limited. 
MNF: Mitsubishi Nuclear Fuel Co. Ltd. 
NFI: Nuclear Fuel Industries, Ltd. 
NISA: Nuclear and Industrial Safety Agency. 
RFS: Recyclable-Fuel Storage Company. 
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Figure 1. Location and status of nuclear fuel cycle facilities in Japan 

 
Figure 2. Years of commission of nuclear fuel cycle facilities 
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Table 1. Components and structures aimed at AMR 

For uranium fuel fabrication (including uranium enrichment) facilities 

No. Components and structures aimed at AMR 
1 Components and structures dealing with large amount of uranium under unsealed conditions. 
2 Components and structures encapsulating uranium within regulated spaces, which in case of 

loss of the function, serious radiation hazards will be occurred in working or surrounding 
environments. 

3 Components and structures having critical limits, and components and structures to keep 
these limits. 

4 Components and structures having thermal or chemical limits to prevent from fire and 
explosion, and components and structures to keep these limits. 

5 Emergency power supply, which in case of loss of the functions, safety of fabrication plants 
will be deteriorated seriously. 

6 Facilities or buildings installed such components and structures of No.1 to 5. 
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Table 1. Components and structures aimed at AMR (Cont‟d) 

For spent nuclear fuel reprocessing facilities 

No. Components and structures aimed at AMR 
1 Systems or equipments containing solution or powder containing plutonium. 
2 Systems or equipments containing high-level liquid wastes. 
3 Ventilation and off-gas systems for No.1 and 2. 
4 Cells installed systems or equipments of No.1 and 2, and fuel-cutting process/Other 

systems or equipments with the same function of the cells. 
5 Ventilation and off-gas systems for systems or equipments of No.4. 
6 Facility or building installed cells, systems or equipments of No.4, and their ventilation 

systems. 
7 Ventilation systems of the equipments and facilities dealing with large amount of uranium 

under unsealed conditions. 
8 Emergency power supply and supplies such as pressured air required to keep functions of 

safety-important facilities. 
9 Systems and equipments to keep thermal or chemical limits. 

10 Storages of spent fuels. 
11 Facilities to store and dispose high-level solid wastes. 
12 Safety-security system. 
13 Exhausting stacks and sea-discharging pipes. 
14 Control room and its ventilation system. 
15 Controlling/Instrumentation systems, cooling-water systems and others to keep safety 

functions of such systems described above. 
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EVALUATION OF THE AGEING MANAGEMENT REVIEW REPORTS OF THE FUEL  
FABRICATION, URANIUM ENRICHMENT AND REPROCESSING FACILITIES 

Toshihiro IMAI 
Deputy Director 

Nuclear Fuel Cycle Regulation Division 
Nuclear and Industrial Safety Agency, Japan 

1. Introduction 

Nuclear and Industrial Safety Agency (NISA） has been evaluating six ageing management review (AMR) 
reports submitted from four license holders of the fuel fabrication, uranium enrichment and reprocessing 
facilities. The evaluation of four AMR reports of uranium fuel fabrication facilities has been completed in 
July 2009 and other two reports on uranium enrichment and reprocessing facilities are still being evaluated. 
The guideline set by NISA was used to evaluate the adequacy of AMR reports. 

In this paper, an outline of the evaluation of four AMR reports of uranium fuel fabrication facilities is 
described. 

2. Methods of the evaluation of AMR reports 

The evaluation of AMR reports is carried out based on the guideline. Some details of the guideline are 
described in Chapter 3. 

NISA established a special working group to take notice of the comments from specialists with learning 
and experience during the process of the evaluation. The members nominated from universities and 
research institutes are experts on ageing management of nuclear facilities and on ageing phenomena. 
Working group and NISA staff members visited the facility sites in order to confirm the real status of 
selected important components and structures with safety functions (including safety related functions), 
quality assurance documents, maintenance records and data on the evolution of ageing phenomena which 
are appeared in AMR reports. Indications found in the visits are reflected to the evaluation reports made by 
NISA which will be opened to the public. 

3. The guideline to evaluate the adequacy of AMR reports 

The guideline shows the criteria and viewpoints of items to be evaluated. Points of such items are shown 
below. The guideline is commonly used for the fuel fabrication, uranium enrichment and reprocessing 
facilities. 

(1) Enforcement system and procedures of AMR. 
(2) Components and structures aimed at AMR. 
(3) Partition of components and structures, identification of materials used and their environment. 
(4) Selection of technically conceivable ageing phenomena. 
(5) Evolution of ageing phenomena. 
(6) Extraction of stressed ageing phenomena. 
(7) Maintainability of safety function (including earthquake proof). 
(8) Adequacy of current maintenance measures. 
(9) Definition of additional maintenance measures. 
(10) Long-term maintenance program. 
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The evaluation is conducted according to the flow shown in Fig.1. In the case that license holders make 
AMR in different procedure from the flow, NISA will assess the adequacy of the procedure. 

Brief explanations of above items are given in section 3.1 to 3.10. 

3.1. Enforcement system and procedures of AMR 

According to the quality assurance plan based on the safety rules and procedures, enforcement system, 
procedures and related documents of AMR should have been established and prepared. 

Latest operational experiences and knowledge, and research and development results should have been 
systematically compiled and used for AMR. Staff members who have enough ability to conduct the AMR 
should have been selected. 

3.2. Components and structures aimed at AMR 

All of the components and structures with safety functions should have been extracted for AMR. 

3.3. Partition of components and structures, identification of materials used and their environment 

All of the parts required to keep the safety function should have been partitioned. In the case that moving 
equipment (or parts) have been excluded from AMR, it should be assured that their maintenance activities 
have being performed under seising the status of deterioration of safety function from the ageing effects. 

Material and environment of each part should have been identified in order to select exact technically 
conceivable ageing phenomena for the part. 

3.4. Selection of technically conceivable ageing phenomena 

All of the technically conceivable ageing phenomena should have been selected in response to the material 
and environment of each part. 

3.5. Evolution of ageing phenomena 

All of technically conceivable ageing phenomena should have been evaluated for each part on their occurrence and 
progress, and on the effects to the safety function, assuming the operation for 10 years before next AMR. Most 
serious points of each part for ageing should have been considered on the evaluation. 

3.6. Extraction of stressed ageing phenomena 

Stressed ageing phenomena should have been extracted from technically conceivable ageing phenomena 
under the consideration of possible difference from the prediction of deterioration due to ageing. 

The technically conceivable ageing phenomena, which have no possible difference from the prediction of 
deterioration and have adequate maintenance activities based on the prediction, or which can be estimated 
from operational experiences and experimental data to have no or very slow evolution, are not recognised 
as stressed ageing phenomena. 

3.7. Maintainability of safety function (including earthquake proof) 

Effects of the stressed ageing phenomena on the safety function (including earthquake proof) of structures 
and components should have been evaluated and maintainability of the safety function should have been 
assured assuming the operation for 10 years before next AMR. 

3.8. Adequacy of current maintenance measures 

Current maintenance measures should have been assessed on the adequacy from the viewpoint of 
inspection frequency, preventive measures and maintenance results. 
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3.9. Definition of additional maintenance measures 

Additional maintenance measures should have been defined in accordance with the stressed ageing phenomena 
based on the assessment of adequacy of current maintenance measures. The details of additional maintenance 
measures such as procedure, starting time and frequency should have been clearly shown. 

3.10. Long-term maintenance program 

Long-term maintenance program for all of defined additional maintenance measures should have been 
established. In the program, implementing system and schedule are required to be described. Latest maintenance 
experiences and knowledge should have been reflected to revise the program without delay. 

4. Some notices from the evaluation of four AMR reports of uranium fuel fabrication facilities 

Technically conceivable ageing phenomena typically selected for uranium fuel fabrication facilities are 
shown below. There were some discrepancies on the technically conceivable ageing phenomena selected 
among license holders. 
(1) Mechanical and chemical ageing phenomena 

Abrasion/erosion of UO2 handling vessels and pipes, corrosion of UO2 dissolution vessels by HNO3, 
hydrogen brittleness of reduction furnaces, chemical deterioration of organic materials, looseness of 
anchor bolts, crack of refractory bricks, adhesion of valves. 

(2) Electrical ageing phenomena 
Decrease of insulation resistance of high voltage cable (due to complex factor (thermal and others), 
treeing etc.), input/output property change. 

(3) Concrete and steel framework related ageing phenomena 
Occurrence of crack, deterioration of strength (alkali aggregate reaction, carbonation, corrosion of 
reinforcing rods etc.). 

Major matters of concerns and interests on the ageing phenomena discussed in the special working group 
are as follows: 
(1) Corrosion behaviour and rate of UO2 dissolution vessel by HNO3. 
(2) Hydrogen brittleness of reduction furnaces. 
(3) Corrosion and looseness of anchor volts. 
(4) Decrease of insulation resistance of high voltage cable. 
(5) Degradation of concrete. 

In the four AMR reports of uranium fuel fabrication facilities, it was shown that current maintenance 
measures were adequate in general and no stressed ageing phenomena just as defined in the guideline have 
been extracted. All of license holders, however, defined additional maintenance measures. NISA has 
evaluated that this kind of extraction of stressed ageing phenomena and definition of additional 
maintenance measures was appropriate from the safety standpoint of view. 

The typical examples of additional maintenance measures defined by license holders are as follows: 
(1 Periodical thickness measurement of solution vessels, UO2 powder handling equipment, heating 

furnaces, frame, and inlet and outlet ducts connected to air-exhaust ventilator. 
(2) Periodical measurement of compressive strength, carbonation and alkali aggregate reaction for 

concrete. 
(3) Periodical measurement of looseness and plucking experiment for anchor volts. 
(4) Periodical measurement of insulation resistance for high voltage cable. 

The objectives of those additional maintenance measures defined by license holders are to grasp more 
quantitatively the evolution of concerned ageing phenomena and to assure the safety more certainly. NISA 
has evaluated that this kind of additional maintenance measures was useful to get the basic information for 
ageing management. 
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In the site visits of working group and NISA staff members, the real status of selected important 
components and structures with safety functions were confirmed to be adequate. However, on some of the 
quality assurance documents related to the ageing management, points to be improved were indicated for 
each license holder such that (1) more concrete procedure and necessary plans should be described in the 
concerned quality assurance document for the extraction of all components and structures with safety 
function for AMR and their partitioning, and (2) activities of AMR team should be recorded as a 
document. 

5. Conclusions 

NISA has completed the evaluation of four AMR reports of uranium fuel fabrication facilities in July 2009 
based on the guideline showing the criteria and viewpoints for the evaluation. 

The evaluation was performed on the following main items: 

(1) Enforcement system and procedures of AMR. 

(2) Components and structures aimed at AMR. 

(3) Partition of components and structures, identification of materials used and their environment. 

(4) Selection of technically conceivable ageing phenomena. 

(5) Evolution of ageing phenomena. 

(6) Extraction of stressed ageing phenomena. 

(7) Maintainability of safety function (including earthquake proof). 

(8) Adequacy of current maintenance measures. 

(9) Definition of additional maintenance measures. 

(10) Long-term maintenance program. 

NISA has concluded that the four AMR reports of uranium fuel fabrication facilities were appropriate 
while it has pointed out that some of the quality assurance documents related to the ageing management 
should be improved. 

In the four AMR reports of uranium fuel fabrication facilities, no stressed ageing phenomena just as defined 
in the guideline have been extracted. All of license holders, however, defined additional maintenance 
measures. NISA has evaluated that this kind of extraction of stressed ageing phenomena and definition of 
additional maintenance measures was appropriate from the safety standpoint of view. 

The objectives of those additional maintenance measures defined by license holders are to grasp more 
quantitatively the evolution of concerned ageing phenomena and to assure the safety more certainly. NISA 
has evaluated that this kind of additional maintenance measures was useful to get the basic information for 
ageing management. 

NISA will watch the practice of the long-term maintenance program of each license holder in the periodic 
inspection. 
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Figure 1. Standard flow of the ageing management review 
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A SAFETY REGULATORS VIEW OF THE UNITED KINGDOM’S APPROACH 
TO MANAGING AGEING WITHIN NUCLEAR FUEL CYCLE FACILITIES 

Neil Blundell 
Principal Nuclear Inspector 

Nuclear Directorate, Health and Safety Executive, United Kingdom 

Introduction 

The United Kingdom (UK) is not alone on having a nuclear industry whose origins lie in the 1940s, grew 
within the 50s to 70s and then entered a period of first quiescence and then decline from around the mid 
1990s until 2004. 

In 2004, the UK government created the Nuclear Decommissioning Agency (NDA) to deal with the legacy 
of the existing industry and move it through to complete decommissioning. 

In 2007, the publication of the UK Government‟s Revised Energy Policy now heralds a potential renaissance in 
Nuclear Power from around 2018 due to reasons of both climate change and security of energy supply. 

A further challenge to the nuclear industry in the UK is the world recession which has caused a reduction in 
both available capital expenditure and taxation revenue to the government. The resultant effect of which is a 
potential reduction in funding to government projects including its intent to accelerate decommissioning of 
the nuclear legacy where it has been established that although increased funding has been provided in this 
area further funding is required to address shortfalls in anticipated site revenues. 

The nuclear renaissance and the need to drive decommissioning mean there is now a need to develop and 
implement new technology for 2010 and beyond. However, this is within a framework where, due to a 
failure to encourage interests in the nuclear sector, there is now a workforce with an age profile that has 
two peaks. Large numbers of experienced people nearing retirement, large numbers of new and relatively 
inexperienced people and a much smaller group in the middle of UK based nuclear experts that will be 
needed to see the UK industry through to 2020. 

It is as a consequence of all of the above factors that have led to the UK continuing to: 

 Manage during decommissioning fuel cycle facilities that were built in the 1950s. 

 Operate many plants which were built between 1960 and 1990 up to and beyond 2020. 

This paper gives a UK HSE Safety regulators overview of how it influences how the UK is dealing with 
the four significant issues of ageing management across their portfolio that affect nuclear safety. Namely, 
Plant, Process, People and Purse. 

These are the views of the author and do not necessarily represent the view of HSE. 
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What is ageing management? 

A common misconception with the term ageing management of a nuclear facility or even industry is that it 
refers only to fabric and infrastructure. I.e. it deals only with the physical entity of a facility, the walls, the 
pipe supports, the material of the process vessels and interconnecting pipework. Simplistically this is 
termed the plant. Ageing management here could be considered merely to be the expectation of a balanced 
philosophy of repair and replace. 

However, the timescales for the future operation, decommissioning and post decommissioning of a nuclear 
industry extends into hundreds of years due its associated hazards from long lived radiation and 
chemotoxic effects. 

Consequently, ageing management in the nuclear industry has to be considered strategically and extends 
into much wider areas than just plant. 

In terms of this paper the vision for ageing management is the safe management of nuclear fuel cycle 
facilities until all significant hazards to the public are removed from them. 

This then covers: 

 The construction of nuclear fuel cycle facilities including the requirements for their waste management. 
 The operation of nuclear fuel cycle facilities. 
 Post operational clean out (POCO). 
 Decommissioning and removal of significant hazards from the facility where practicable. 
 Management of residual significant hazards where removal is not possible or where a decision to defer 

removal has been made. 
 Consideration of sustainability and intergenerational equity (where a generation is defined as a 

period of 20 years). 

What are the United Kingdom regulators expectations? 

Unlike other international regulatory regimes the UK operates a „goal setting‟ regime for all of its 
industries and adds on a permissioning requirement for most of the safety significant ones including the 
offshore oil and gas and nuclear. 

For the nuclear industry Goal setting is regime where the operators of facilities are required to meet a 
number of safety objectives, but are allowed to utilise their own methods (processes) and equipment to 
achieve them. 

They must however demonstrate to the regulator that these methods and equipment fulfil the requirement that 
they do all that is reasonably practicable to ensure the safety of the workforce and the public. 

Only in the event that they demonstrate that they have done this are they given the permission to operate. 
In the UK, this is predominantly done via the issuing of a nuclear licence and subsequent to this additional 
permission where significant variations to the operation that were described within original licence occur. 

Importantly to note is that the UK regulator is an independent body from the government.  

Goal setting and permissioning have the advantage that they allow the UK to operate with a small expert 
regulatory body and prevents the carrying out of significantly hazardous work without appropriate 
controls. The term significant in both this paragraph and the preceding one is defined by agreement 
between the regulator and the nuclear site licence holder (Licensee). 
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This regime has some disadvantages. These include: 

 Industry to always have expertise available. 

 Reliance on a sampling regime by the regulator that trusts that the evidence discovered within the 
sample reflects the whole. 

 Difficulties in directing things to happen rather than prevention of realisation of a hazard. 

The latter is particularly important where there is a need to see decommissioning and the removal of 
unacceptable hazards accelerated. 

Where can regulation influence ageing management? 

Within the UK it is the licence holders (Licensee) responsibility to ensure the safety of its facility at all 
times, not the regulators or the governments. 

The nuclear site licence is a direct method by which the expectations and goals for ageing management 
throughout the life of a facility are set down at the highest level. There are 36 conditions that are attached 
to the licence. These are called Licence Conditions (LC). 

They are intended to cover all aspects of nuclear safety and radioactive waste management on a nuclear 
site. For instance, LC5 entitled “– Consignment of Nuclear Matter” and LC32 “– Accumulation of 
Radioactive Waste”. They further include the skills requirements via LC‟s including LC 12 – Duly 
Authorised and Other Suitably Qualified and Experienced Persons and planning for future requirements via 
LC35 “- Decommissioning”. 

They are high level requirements and most require the Licensee to set up arrangements and thus processes 
for meeting the underlying principles of the Licence. In keeping with the goal setting regime they are not 
proscriptive in detail relying on the Licensee to use its expertise to set up appropriate systems and controls. 

Significant within these, is licence condition 15 which requires the licence holder (Licensee) to hold a 
periodic and systematic review and reassessment of its safety case. The UK HSE sets the expectation that 
this is against modern standards and at a time period no more than 10 years. 

The exact time period for the review is set by local arrangements between the HSE and the licensee against 
a particular facility or plant. The arrangements extend to agreements between the regulator and the 
Licensee that include expectations of behaviour of both parties. 

These agreements are legally binding which enable the regulator to use its enforcement powers to compel 
the Licensee to meet the requirements of the local arrangements and the Licence conditions in addition to 
its normal powers under general health and safety law. 

These agreements currently ensure that facilities are judged against the standards of safety and reliability 
and technology at the time of the review. They seek to ensure that differences or gaps between the modern 
standard and the actual condition of the facility, people and processes are identified. They ensure that the 
Licensee generates a plan to address these gaps and they then allow for the enforcement of the 
implementation of that plan by the regulator. 
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How is safety within the United Kingdom nuclear fuel cycle industry funded? 

Health and Safety Regulation within the UK for the existing infrastructure does not cover the financing of 
the industry or the financing of its safety framework. 

Health and safety law has built within it a requirement that a company will do all that is reasonably practicable 
to ensure the safety and protection of its workforce and the public. The law was originally designed during times 
of industrial growth and under the assumption that:-If a risk of an operation realising a hazard and thus 
injuring someone is too great then stopping it removes the risk of realising the hazard. 

This would be acceptable in the majority of situations. However, as has been stated earlier, the nuclear 
industry generates hazards that exist and require management potentially for generations. Importantly it 
creates hazards that do not cease to exist should the operation that generated them stop. Thus within a 
shutdown and decommissioning philosophy it is necessary to plan for the intergenerational management of 
the nuclear hazard. 

Consequently under the new energy act the Government has put in place arrangements for new entrants to the 
UK nuclear industry to have a state regulated decommissioning fund that will accumulate funds during the 
operation of the facility to fund its decommissioning after operation ceases. 

The rate of accumulation of these funds being set by: 

 The intended operational life of the facility. 

 The estimates of the cost of its decommissioning and the disposal of its long lived waste. 

The UK‟s existing nuclear industry has only such a state regulated decommissioning fund for the 
commercial AGR and PWR reactor sites. The fuel cycle industry is split into two separate sectors. The 
commercial sector involving in the fuel cycle mainly enrichment and the public sector that is managed 
through the NDA and is intended to deal with removing the UK‟s nuclear legacy using operating profits 
from its revenue generating facilities of fuel manufacture and reprocessing and from funds received via the 
government‟s funding office, the Treasury. 

The private operators (predominantly Urenco) have set aside funds to facilitate the decommissioning. 
There are of course funding requirements to support maintenance of the operating plant until such time as 
the facility reaches the end of its life and again the expectation is that private operators fund this via their 
operating profits. 

The NDA manages its portfolio via Parent Body Organisations (PBOs). It contracts its PBOs to fund the 
ageing management of its operating plants via operating profits and by setting down a plan which on approval 
predicts the costs of decommissioning and the rate funding is required to carry out that plan. 

The NDA then submits these predicted costs to the Treasury which then examines the financial arguments 
set down by the NDA, the track record of spending over the previous year and any other factors that might 
strengthen the NDA case. Using these, the Treasury then awards a yearly sum for the decommissioning 
that year with a promise for two further years funding at a set rate. 

Challenge with such an approach is that the planning for spend can be no longer really more than 3 years. 
The spend profile will not allow for reactive challenges that will occur during decommissioning and does 
not take into account the intergenerational needs of radioactive waste management. 

A further challenge is that the NDA is by law unable to utilise its assets commercially. I.e. it cannot seek 
new business which might create additional external non-government funding. 
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The above shows that whilst the Treasury is clearly a significant player in the safety of nuclear 
decommissioning. It is neither regulated by the safety regulator nor is it part of the discussions between the 
NDA or its PBO or the licensees. Thus it is detached from the risks associated with realising nuclear 
hazards and may not understand the complexities of the challenge that is decommissioning or ageing. 

This demonstrates that funding or purse is a significant challenge in the UK to maintaining safety as a plant 
is ageing and of significant importance to the safety regulator. Particularly where the Licensee has to 
justify to a third, unregulated party spending money to achieve reasonably practicable improvements where 
there is small but progressively increasing changes in the risk. 

However, Senior Government Ministers are now taking an active interest in nuclear legacy hazards in 
order to promote remediation. 

How has an ageing industry affected skills and people? 

The UK‟s civil nuclear industry has existed for over 50 years. Its people and technology grew as the 
frontiers associated with knowledge of nuclear processes moved forward. 

The dip in interests within the nuclear field that occurred in the 90s was reflected not only in the industry 
itself but in the education and research field. The philosophy being that if there was no apparent demand 
for skill as the industry aged to decommissioning then there was no need to train or educate people in this 
area. Especially where there were other more active fields that people could be fed into e.g. finance. Indeed 
the subject of nuclear power and radiation has only just been reintroduced into schools curriculum. 

The UK civil nuclear workforce age profile as indicated in the introduction has two peaks. Large numbers 
of experienced people nearing retirement, large numbers of new and relatively inexperienced people and a 
much smaller group in the middle of UK based nuclear experts. A similar situation is reflected in the 
education system and in research and development. 

These systems, especially education, need to feed the growing nuclear industry but the peaks have however 
been out of sequence with the needs of industry such that skilled and educated workers are in short supply 
until the systems that generate them have achieved a sufficient maturity. 

The UK government and industry support groups have all over the past few years started new programmes to 
support the nuclear industry. The government has revised the schools curriculum, set up a nuclear skills forum 
and injected funding into research via its National Nuclear Academy and the creation of the National Nuclear 
Laboratory from the original BNFL Research and Development division. 

It is important from a safety regulator perspective that safety is present as a cornerstone in the understanding. 
It is clear that, without the declaration of a new interest in nuclear power by the UK government, the numbers 
of skilled workers who would have been available to deal with the intergenerational issues of the nuclear 
industry would have fallen to unacceptable levels. 

Thus the fourth arm of ageing management, people must also be influenced by the regulator. 



NEA/CSNI/R(2010)4 
 

96 

How does the United Kingdom Nuclear Safety Regulator oversee the four aspects of ageing 

management within nuclear fuel cycle facilities 

As has been stated earlier the primary route by which the HSE‟s Nuclear Regulator the NII ensures that a 
Licensee adopts appropriate ageing management on a nuclear site is via the enforcement process. 

Targeted assessment is carried out on written safety cases and the associated Periodic Safety Reviews 
(PSRs). These are accompanied or followed by regular compliance inspections. Compliance inspections 
confirm that: 

 A licensee is applying the systems and processes set down in its safety case. 

 Improvements are being implemented in line with the programme agreed with the regulator. 

 The plant and people are degrading or improving in line with expectations. Degrading where the safety 
case predicts wear out or reductions in manpower and allows for it. Improving where the PSR seeks 
additional reasonably practicable upgrading. 

Should either the inspection or assessment show that the licensee is not meeting expectation then a 
graduated system of enforcement is entered into. This is graduated from the issuing of advice or a simple 
letter to a full prosecution. The nature of enforcement action is dependent on the gap between expectation 
and delivery and the degree of previous enforcement in the same area. 

The nature of the UK safety law with its use of reasonable practicability means that the enforcement action 
can be reduced in level if the Licensee can demonstrate that the improvement is unreasonable or that evidence 
exists that demonstrates safety is not impaired by inaction in the short term. This enables the regulator a 
degree of flexibility to allow for uncertainty in predictions that often exist within a decommissioning 
scenario. 

The areas outside the legal responsibility of the safety regulator also require encouragement in order to assist 
the licensee to deliver its safety far into the future and most particularly deal with intergenerational issues. 

Direct enforcement cannot therefore be used and instead the NII has addressed this challenge via a new 
philosophy of advising and influencing. 

This is done via the setting up of a central team to deliver the NII position in participating in public 
consultations, national strategic work (e.g. skills forums), working jointly with other regulators in order to 
present a strong combined opinion and holding discussions direct with Government ministers, advisors and 
the NDA. 

Conclusion 

This paper has shown where the four issues of ageing management Plant, Process, People and Purse affect 
nuclear safety. 

In addition it has shown how the NII regulates the civil nuclear sites to ensure that Licensees deal with 
ageing management adequately. 

Finally it has demonstrated and how NII influences the external constraints on the systems that will ensure 
delivery of intergenerational safety. These constraints include the education of new workers, the delivery 
of intergenerational waste and nuclear matter management and the strategic direction of the UK‟s nuclear 
industry. 
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LESSONS LEARNED FROM AGEING SUBSURFACE CIVIL STRUCTURES AT A URANIUM 
CONVERSION FACILITY IN CANADA – REGULATOR’S PERSPECTIVE 

By Jafir Jaferi, P.Eng. 
Senior Project Officer, Processing and Research Facilities Division 

Canadian Nuclear Safety Commission, Canada 

Abstract 

The Canadian Nuclear Safety Commission (CNSC) regulates the use of nuclear energy and materials to protect the 
health, safety and security of persons and the environment. This gives the CNSC responsibility for the licensing and 
compliance oversight of Fuel Facilities operating in Canada. 
Recent events at a Uranium Conversion Facility highlighted the importance of ageing subsurface civil structures 
associated with liquid containment and issues related to their operation and maintenance. This paper will provide an 
overview of the incidents, discusses its impact on the facility‟s operations, their safety significance and the lessons 
learned from a regulatory perspective. 

Introduction to the Canadian Nuclear Regulator and Fuel Cycle Industry 

Canadian Nuclear Safety Commission (CNSC) 

The CNSC is the regulatory body that was created by an Act of the Parliament of Canada to regulate the 
use of nuclear energy and materials to protect health, safety, security and the environment and to respect 
Canada's international commitments on the peaceful use of nuclear energy. The CNSC has established a 
risk-informed regulatory program based on transparency, integration of effort, and a more comprehensive 
risk-informed approach to licensing and compliance. 

The Processing and Research Facilities Division (PRFD) of the Directorate of Nuclear Cycle and Facilities 
Regulation (DNCFR) is responsible for the licensing and compliance oversight of Nuclear Fuel Facilities 
operating in Canada. To discharge its regulatory mandate, DNCFR relies on subject matter experts from 
other divisions of the CNSC. 

In this regard, the DNCFR Management has established a team based approach to assist the facility project 
officers in areas of assessment, licensing, compliance, enforcement and environmental assessments. With 
the implementation of this approach, the licensing divisions have achieved greater consistency in the 
licensing, compliance and enforcement activities with the CNSC standards and regulatory requirements. 

The CNSC's licensing process for uranium processing facilities follows the stages laid out in the Nuclear 
Safety and Control Act and the Class I Nuclear Facilities Regulations, proceeding progressively through 
site preparation, construction, commissioning, operating, decommissioning, and abandonment phases. 
Each nuclear fuel facility licensee has obligations under the CNSC‟s General Nuclear safety and Control 
Regulations to take all reasonable precautions to protect the environment and the health and safety of 
persons and to maintain security. 

In addition, each fuel cycle facility licensee is required by its licence to establish and implement a Quality 
Assurance (QA) Program to ensure that the integrity and reliability of its facility‟s safety-related structures, 
systems or components (SSCs) are maintained at or better than its original design quality and continued 
intended operation. This is a key licensing safety program that among other safety management elements 
covers the ageing management of SSCs at fuel cycle facilities. 
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Under QA requirements, each licensee identifies safety-related SSCs at its facility based on safety cases and 
develops preventive maintenance and in-service-inspection procedures. Ageing management is not specifically 
addressed in fuel facility safety cases; however, safety-related SSCs are regularly inspected and repaired and/or 
replaced as required. Prior to the discovery of the failure of subsurface civil structures for process liquids at a 
uranium conversion facility in 2007, these civil structures were not considered safety-related SSCs. 
Consequently they received little attention for in-service-inspections by the licensees and the regulator. 

CNSC staff conducts regular compliance inspections and audits of each fuel facility licensee‟s 
implementation of its safety programs including the QA program and associated procedures. 

Canadian Fuel Cycle Industry 

Currently, there are five licensed uranium processing and fuel fabrication facilities operating in Canada. 
They are briefly described in the following paragraphs. 

Cameco Corporation (Cameco) owns and operates three of these facilities and the other two are owned and 
operated by GE-Hitachi Nuclear Energy Canada Inc. Cameco‟s uranium refinery in Blind River, Ontario 
receives uranium ore concentrate (commonly referred to as yellowcake), from uranium mills and purifies it 
by solvent extraction to produce high-purity uranium trioxide (UO3) powder. This UO3 powder is shipped 
to Cameco‟s Port Hope Conversion Facility to convert it to uranium dioxide (UO2) which is used in the 
manufacture of CANDU reactor fuel and uranium hexafluoride (UF6) which is exported for further 
processing into fuel for Light Water Reactors. Both facilities were constructed from late 1970s to early 
1980s and have been in operations since mid 1980s. 

Cameco ships the UO2 powder to two fuel bundle manufacturing facilities in Ontario to produce fuel 
bundles for CANDU reactors. Since the fuel bundle manufacturing facilities do not involve processing of 
uranium in acidic or alkaline media, their ageing subsurface civil structures (e.g. floors, trenches and 
sumps) pose little environmental risks. 

This paper discusses the ageing management issues arising from two recent incidents of failure of 
subsurface civil structures for liquids at Cameco‟s Port Hope Conversion facility. (See Figure 1 attached 
for facility layout and location). 

Cameco‟s Port Hope conversion facility is located approximately 100 kilometres east of Toronto, Ontario 
on the northern shore of Lake Ontario. The site has processed nuclear material since early 1930s; making it 
Canada‟s longest continually operating nuclear facility. It operated for many years as Eldorado Nuclear, 
before becoming part of Cameco in 1988. 

Currently, this facility is licensed to produce two primary products: 
 UO2 which is used in fuel for CANDU reactors. 
 UF6 which is an intermediate feed material for the enrichment process. 

Recent two incidents of failures of subsurface civil structures for liquids at Cameco’s Port Hope 
Conversion Facility 

First Incident, its safety significance and follow-up actions 

On July 13, 2007 Cameco employees noticed yellow staining on freshly-poured concrete at the bottom of a 
pit being excavated in the UF6 plant (Building 50) to install a new tank (See Figures 2 and 3 attached for 
location of leak). It was immediately identified as an unusual situation and senior management at the 
facility were notified. Although initially, it was believed to be a localised situation, Cameco notified the 
Canadian Nuclear Safety Commission (CNSC) and the Ontario provincial and municipal authorities and 
immediately halted all activities in the area that might contribute to that area of subsurface contamination. 
An investigation was started that same day and over the next several days it became clear that the 
contamination was more widespread than originally thought. On July 19, 2007 Cameco voluntarily halted 
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UF6 production until an investigation of the incident was completed with identification of root causes and 
their corrective actions. This action not only stopped further contamination, it allowed Cameco to clean-out 
any liquids in trenches, pits and sumps, and trace leak paths. 

Shortly after the discovery of the contamination beneath the UF6 plant, Cameco recognised that the most 
likely source of the contamination was leakage through concrete floors, trenches and sumps on the ground 
floor of the building. Cameco promptly initiated an investigation to gain a thorough understanding of the 
mechanisms of the concrete failure so that effective corrective actions could be taken to ensure that repairs 
and upgrades to the concrete structures would prevent leaks in the future. The investigation was conducted 
by an outside consultant with considerable expertise in the area of concrete assessment. 

After review by the CNSC and provincial regulators, a concrete assessment program (CAP) was developed 
including a review of available drawings showing construction details of existing concrete structures 
within the UF6 plant. 

Visual inspection, delaminating surveys (i.e., hammer sounding) and surface distress mapping of the floor 
slabs, trenches, pits, sumps, pedestals and equipment bases. 

Coring of the concrete within various sections of the floor slabs, trenches, pits, sumps, pedestals and 
equipment bases to determine the compressive strength and chemical diffusion (uranium, potassium and 
fluoride) into the various concrete elements. 

The CAP identified specific concerns, deficiencies and failure mechanisms for each type of concrete 
structure in each area of the ground floor of the UF6 plant. These concerns, deficiencies and failure 
mechanisms were related to the original design of the concrete structures, the methods and quality of 
construction of the concrete structures, the type of materials used in their construction and the chemical 
and physical stresses to which they would be subjected. 

Based on these findings, Cameco‟s consultant was able to make recommendations regarding the design, 
type of materials and construction techniques for the repairs and upgrades that would ensure future leakage 
through concrete structures is prevented. These recommendations were incorporated into the design and 
construction of the rehabilitation plans for the UF6 plant. 

As part of its rehabilitation plan, Cameco carried out a number of major improvements inside its UF6 plant, 
including replacement of large sections of the ground floor and application of chemical-resistant coatings to 
all floors, as well as removal of some contaminated soil from beneath the building. In general, the two feet of 
soil excavated below building grade in most processing areas contained a large portion of the contamination. 
There were areas within the plant where additional soil was excavated. Approximately 1930 tonnes of soil 
beneath and adjacent to the plant building was excavated and stored in closed containers for shipment to a 
suitable licensed site for disposal. The highest concentrations of all the parameters analysed were noted for 
soils from the effluent treatment area. The average concentrations from the drum samples in these areas 
ranged from: 269 to 724 µg/g uranium; 14 to 30 µg/g arsenic; 5,900 to 7,700 µg/g potassium; and 540 to 730 
µg/g fluoride. (See Figures 4, 5 and 6 attached for floor and soil rehabilitation). 

Additionally, Cameco installed and operated a groundwater pump and treat system to collect contaminated 
groundwater on the east and south side of the UF6 plant. This will be discussed in another CNSC staff‟s 
paper at this workshop. 

As part of the UF6 plant rehabilitation, Cameco also significantly increased its leak prevention and 
detection capability by using double containment around sumps and adding leak detection sensors to some 
in-ground structures. Trenches have been sloped to ensure liquids are drained immediately to sumps. 
Cameco has included the inspection of all trenches annually as part of its improved liquid management and 
quality assurance program. The baseline inspections of subsurface civil structures were completed before 
the re-start of the plant in September 2008. 
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Second incident, its safety significance and follow-up actions 

As part of the follow-up to the UF6 plant rehabilitation, CNSC staff requested Cameco to conduct a site-
wide characterisation of the subsurface conditions at its Port Hope conversion facility. This work led to the 
discovery of limited groundwater contamination east of the uranium dioxide (UO2) plant in June 2008. 
Subsequent investigation found yellow staining under the concrete floor slab around the main UO2 plant 
sump. Scans of the soil surface using field instruments revealed activity levels above background and 
confirmed uranium contamination. (See Figure 7 attached for UO2 main sump area). 

Visual inspections of sump installation prior to and following its removal during the excavation of the area 
indicated that the likely leak path was the joint between the stainless steel sump and the concrete; with 
contaminated process fluids leaking to the subsurface through this connection. 

Based on these findings, the CNSC required Cameco to conduct a targeted soil sampling adjacent to the main 
UO2 sump to delineate the extent and level of contamination. Immediately adjacent to the main UO2 sump, 
soil samples were collected at four locations to depths of approximately 1.2 m below the base of the floor 
slab. The uranium concentrations from these samples ranged from 580 to 270,000 μg/g. The average uranium 
concentration of the soil samples was approximately 97,000 μg/g. Boreholes were then advanced using 
powered drilling equipment around the main UO2 sump, expanding laterally to the north, south and west. 
Two boreholes were advanced east of the main UO2 sump, approximately down gradient, outside the 
building. The results of the samples from these boreholes indicated that the concentration of uranium 
decreased substantially from the 97,000 μg/g average, adjacent to the sump, to less than 600 μg/g within 
0.75 m of the sump. Additional soil sampling in the vicinity of the main UO2 sump indicated that the elevated 
concentrations of uranium were restricted to an area within approximately 1.5 to 2 m of the sump and 
extended to a depth of more than 1.4 m below the floor slab. At this depth the sump contamination was 
mixing with groundwater. 

In conjunction with its ageing management program and lessons learned from the UF6 plant, Cameco 
started upgrading the concrete floors, sumps and liquid management system in the UO2 plant. This work 
was completed during a planned 3 month maintenance outage. 

Approximately 17.5 m3 of contaminated soil around the main UO2 sump was excavated to remove the 
source of contamination from the UO2 plant and a groundwater well was installed to capture the 
contaminated groundwater for treatment. The design of stainless steel lining installed for all sumps was 
improved (See Figure 8 attached) along with other improvements for liquid management systems. 

Lessons learned by the regulator (CNSC) 

Both incidents identified the following common programmatic failures: 
 List of safety-related SSCs incomplete due to focusing only on workers‟s safety. 
 Lack of an ageing management program for the liquid management systems. 
 Poor housekeeping and on-going use of trenches, pits and sumps for storing process liquids. 

While regulatory requirements mandated the identification of safety-related SSCs, no subsurface civil 
structures were included on the list of SSCs in the QA programs. Therefore, the subsurface civil structures 
handling process liquids were not required to be inspected under QA programs at these fuel facilities. 

Based on the experience from these recent incidents at Cameco‟s Port Hope Conversion facility, CNSC 
staff learned some lessons and undertook the following licensing actions: 
 Since uranium refining and conversion facilities handle large amounts of acidic and alkaline liquids, 

subsurface civil structures (floors, trenches, pits and sumps) that handle such liquids are now classified as 
safety-related SSCs in key licensing documents like Quality Assurance and Safety Analysis documents. 

 All subsurface civil structures handling process liquids at uranium refining and conversion facilities 
are classified as safety-related SSCs and are subjected to annual preventive maintenance inspections. 
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Lessons learned by operator (Cameco) 

Based on its rehabilitation and continuous improvement projects completed at the UF6 and UO2 plants, Cameco 
learned several lessons to prevent the migration of process liquids into the subsurface of production facilities 
and to the environment. These lessons learned and implemented by Cameco include: 
 Improved design to allow for early detection of problem with liquid management systems including 

the subsurface civil structures. 
 Ongoing inspection, monitoring and maintenance capabilities should be provided that can be implemented 

during normal operations to assure the integrity of all process liquid management system elements. 
 All floors and walls to be evaluated to determine whether floors may become containment elements and, 

if so, floor must be sealed, floor and wall joints must be secured (coving) and doorways must be bermed. 
 All necessary in-ground liquid containment elements must be at least double contained with leak 

detection between primary and secondary containment elements. 
 The containment elements must have the capacity to incorporate normally expected maximum 

operational flows (start-up, fire system testing, shower flows, etc.). 
 Wherever practical and reasonable, all liquid management system elements should incorporate 

automated abnormal condition monitors and alarms to identify and respond to abnormal conditions as 
soon as practical. 

Figure 1. Cameco Port Hope conversion facility layout and location 

 
Figure 2. Event No. 1 discovery upon excavation for a new cooling water tank showing yellow precipitate 

in the southwest corner 

 

UO2 plant 

UF6 plant 

N 
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Figure 3. Event No. 1 cause – trench concrete joint leaked 

 

Figure 4. UF6 plant floor excavation (area 1) 

 

Figure 5. UF6 plant floor excavation (area 2) 
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Figure 6. Rehabilitated floor (area 2) 

 

Figure 7. UO2 plant main sump area 

 

Figure 8. Design improvements for sumps 
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Groundwater Contamination Discovered at a Canadian Uranium Conversion Facility and 
Remedial Measures Implemented to Protect the Environment 

By B. R. Ravishankar, M. Eng., P.Eng. 
Director, Processing and Research Facilities Division 

Canadian Nuclear Safety Commission 

Introduction 

Following the discovery and investigation of subsurface contamination events at Cameco‟s Port Hope 
Conversion Facility (PHCF), due to the ageing subsurface civil structures that handled liquids, several 
remedial measures were implemented to protect the environment. This paper will discuss the groundwater 
contamination resulting from those events, enhanced regulatory oversight of the facility and the remedial 
measures implemented by the operator of the facility to protect the environment. 

Canadian Nuclear Safety Commission (CNSC) 

The CNSC is the regulatory body that was created by an Act of the Parliament of Canada to regulate the 
use of nuclear energy and materials to protect health, safety, security and the environment and to respect 
Canada's international commitments on the peaceful use of nuclear energy. The CNSC has established a 
risk-informed regulatory program based on transparency, integration of effort, and a more comprehensive 
risk-informed approach to licensing and compliance. 

The Processing and Research Facilities Division (PRFD) of the Directorate of Nuclear Cycle and Facilities 
Regulation (DNCFR) is responsible for the licensing and compliance oversight of Nuclear Fuel Facilities 
operating in Canada. To discharge its regulatory mandate, DNCFR relies on subject matter experts from 
other divisions of the CNSC. 

In this regard, the DNCFR Management has established a team based approach to assist the facility project 
officers in areas of assessment, licensing, compliance, and enforcement. With the implementation of this 
approach, the licensing divisions have achieved greater consistency with the CNSC standards and 
regulatory requirements in the licensing, compliance and enforcement activities. 

The CNSC's licensing process for uranium processing facilities follows the stages laid out in the Nuclear 
Safety and Control Act and the Class I Nuclear Facilities Regulations, proceeding progressively through 
site preparation, construction, commissioning, operating, decommissioning, and abandonment phases. 
Each nuclear fuel facility licensee has obligations under the CNSC‟s General Nuclear safety and Control 
Regulations to take all reasonable precautions to protect the environment and the health and safety of 
persons and to maintain security. 

In addition, each fuel cycle facility licensee is required by its license to establish and implement a Quality 
Assurance (QA) Program to ensure that the integrity and reliability of its facility‟s safety-related structures, 
systems or components (SSCs) are maintained at or better than its original design quality and continued 
intended operation. This is a key licensing safety program that among other safety management elements 
covers the ageing management of SSCs at fuel cycle facilities. 
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Under QA requirements, each licensee identifies safety-related SSCs at its facility based on safety cases and 
develops preventive maintenance and in-service-inspection procedures. Ageing management is not 
specifically addressed in fuel facility safety cases; however, safety-related SSCs are regularly inspected and 
repaired and/or replaced as required. Prior to the discovery of the failure of subsurface civil structures for 
process liquids at Cameco PHCF in 2007, these civil structures were not considered safety-related SSCs. 
Consequently they received little attention for in-service-inspections by the licensees and the regulator. 

CNSC staff conducts regular compliance inspections and audits of each fuel facility licensee‟s 
implementation of its safety programs including the QA program and associated procedures. 

Canadian fuel cycle industry 

Currently, there are five licensed uranium processing and fuel fabrication facilities operating in Canada. 
They are briefly described in the following paragraphs. 

Cameco Corporation (Cameco) owns and operates three of these facilities and the other two are owned and 
operated by GE-Hitachi Nuclear Energy Canada Inc. Cameco‟s uranium refinery in Blind River, Ontario 
receives uranium ore concentrate (commonly referred to as yellowcake), from uranium mills and purifies it 
by solvent extraction to produce high-purity uranium trioxide (UO3) powder. This UO3 powder is shipped 
to Cameco‟s Port Hope Conversion Facility to convert it to uranium dioxide (UO2), which is used in the 
manufacture of CANDU reactor fuel, and uranium hexafluoride (UF6) which is exported for further 
processing into fuel for Light Water Reactors. Both facilities were constructed from late 1970s to early 
1980s and have been in operations since mid1980s. 

Cameco ships the UO2 powder to two fuel bundle manufacturing facilities in Ontario to produce fuel 
bundles for CANDU reactors. Since the fuel bundle manufacturing facilities do not involve processing of 
uranium in acidic or alkaline media, their ageing subsurface civil structures (e.g. floors, trenches and 
sumps) pose little environmental risks. 

Site description 

Cameco‟s Port Hope conversion facility is located approximately 100 kilometres east of Toronto, Ontario 
on the northern shore of Lake Ontario. The site has processed nuclear material since the early 1930‟s; 
making it Canada‟s longest continually operating nuclear facility. It operated for many years as Eldorado 
Nuclear, before becoming part of Cameco in 1988. 

The PHCF is located close to a large water body and residential population. This means that its operations 
and environmental control systems are of increased importance to the local community. As seen in Figure 
1, the PHCF is located at the northern shore of Lake Ontario. The harbour turning basin and the mouth of 
the Ganaraska River are located to its immediate east. The surrounding areas also consist of residential and 
recreational areas. The very short distance between the PHCF operations and the surrounding, publicly 
accessible, environment means that there is less time available to the licensee to react both in terms of 
investigation and implementing remedial action in the event of unplanned and uncontrolled releases to the 
environment. 

Unplanned release to the environment – discovery, investigation and findings 

As described in detail in a companion paper by CNSC staff, the PHCF has subsurface concrete structures 
such as trenches and sumps in both its UF6 and the UO2 plants that were designed to capture any liquid that 
found its way to the operations floor. In July 2007, Cameco discovered contamination inside the UF6 plant 
(Building 50). After an initial investigation, Cameco recognised that the most likely source of the 
contamination was leakage through concrete floors, trenches and sumps on the ground floor of the 
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building. Production operations were shutdown voluntarily by Cameco to investigate the incident and take 
appropriate corrective actions to mitigate the environmental effects from the incident and prevent the 
occurrence of a similar incident. The incident caused soil and groundwater contamination at the Port Hope 
conversion facility. Cameco also informed the CNSC of the incident, which triggered increased regulatory 
oversight of the facility by CNSC staff. 

Prior to the occurrence of this event, Cameco had relied on a series of existing groundwater monitoring 
wells, referred to as the Refinery Wells (RW Series), to detect groundwater contamination that might 
originate at the UF6 plant and act as an early warning system. However, these wells did not detect any 
groundwater contamination for some time. The fact that these monitoring wells failed to provide early 
warning of the contamination caused both the CNSC and Cameco to question the adequacy of its 
groundwater monitoring plan. This has resulted in the development of a new, comprehensive, long-term 
groundwater monitoring program for the site. Cameco‟s long term groundwater monitoring program has 
been reviewed and accepted by the CNSC. 

Immediately following the discovery of contamination beneath the UF6 plant, Cameco began a hydrogeological 
investigation to determine the type and extent of contamination arising from the leakage of process liquids into 
the soil and groundwater. In order to delineate the spatial and vertical extent of the contaminant plumes, 
approximately 167 monitoring wells were installed, at a total of 126 locations inside and outside the UF6 plant 
(the BH50 series). At an additional 38 locations, drilling was completed to collect soil samples. The major 
findings and conclusions from the investigation are presented below: 

 The source of the contamination was leakage of process liquids through floors, trenches and sumps on 
the ground floor of the UF6 plant. The leakage occurred at several locations in the UF6 plant, which 
resulted in two distinct plumes. 

 The contaminants of concern were directly related to chemicals and process materials used in the 
production of UF6. These were uranium, arsenic, fluorides, potassium and trichloroethylene (TCE). The pH 
of the soil and groundwater was elevated due to the presence of potassium hydroxide (KOH). 

 The highest concentration of contaminants was immediately below the fluorine - cell maintenance area 
of the UF6 plant. 

 The extent and concentrations of key contaminant plumes are shown in figures 3,4 and 5. 

 There are two plumes originating from the UF6 plant, one initially moving due south and the other due 
east, both eventually making their way to the harbour at different flowrates. 

 The contaminant distribution is limited locally to shallower depths in the finegrained till unit that 
overlies the bedrock beneath and in immediate proximity to the UF6 plant. 

 Limestone bedrock occurs at depths of approximately 6 m. Based on sampling, the upper 0.3 to 0.6 m of 
the bedrock appears to be weathered, while the bedrock is competent at greater depths. 

Applying the lessons learned from the UF6 plant, in June 2008, Cameco conducted subsurface investigation 
of soil and groundwater in proximity of its UO2 plant and discovered elevated uranium in groundwater in 
one of the wells outside the plant. The source of the contamination was determined to be the main UO2 
sump pump, and that soil samples were taken from boreholes and sampling locations on the Cameco site to 
determine the extent and level of contamination. Cameco excavated around the main UO2 plant sump and 
removed approximately 329 kg of uranium from the subsurface, representing approximately 94% of the 
uranium contamination in the soil above the groundwater. 

The existing groundwater monitoring data in and around the UO2 plant does not indicate any groundwater 
contamination upstream or beneath the building, other than the area around the main sump pump. 
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Enhanced regulatory oversight of uranium conversion facility 

The CNSC has adapted a risk informed decision making approach for its regulatory compliance 
verification activities. Using this approach, CNSC staff plans a baseline compliance verification program 
each year for the facility, the extent of which depends upon the risk posed by that facility. The program 
involves routine and augmented site inspections to ascertain that the licensee is operating the facility in 
compliance with the regulatory requirements, which are designed to prevent unreasonable risk to the 
health, safety of the persons and the environment. 

When unplanned events occur that could potentially increase the risk, CNSC increases its regulatory 
oversight of the facility in order to monitor licensee‟s activities related to their prevention and control of 
releases, their site characterisation, determination of the overall risk to the environment and human health, 
and their long term remediation efforts in the impacted areas. 

Since the discovery of the incident at PHCF, CNSC staff initiated a series of additional site inspections, on-
site meetings with the licensee to convey expectations on the investigation scope and timelines, review of 
licensee submissions related to the UF6 plant rehabilitation and improvements to its liquid management and 
groundwater monitoring. 

During the enhanced regulatory oversight at PHCF, CNSC staff set about to do the following: 
 Deal with mitigation of immediate impact. 
 Obtain adequate information on contamination. 
 Obtain a site wide picture of existing and legacy contamination. 
 Obtain a site wide risk assessment of the contamination. 
 Obtain an environmental management plan for the site. 
 Communicate risk to the public through the Commission and public forums. 

Where there was overlapping regulatory jurisdiction, CNSC and the provincial Ministry of the 
Environment (MOE) staff reviewed Cameco‟s assessment of all options and accepted Cameco‟s proposed 
best overall remedial option. 

Licensee actions 

Under paragraph 12(1)(f) of the CNSC‟s General Nuclear Safety and Control Regulations, Cameco has an 
obligation to ensure that its licensed activities do not pose an unreasonable risk to the workers, the 
members of the public and the environment. 

In the case of subsurface contamination discovered beneath Cameco‟s uranium hexafluoride (UF6) plant in 
Port Hope, any potential risks to the public or environment could only arise through the migration of 
contaminants off the Cameco site. The flow of ground water beneath the UF6 plant was and remains the 
only means of mobilising the contamination off site. 

The overall guiding principles for the evaluation of options to mitigate potential risks and the development of 
the Environmental Management Plan (EMP) were based on the CNSC‟s regulatory requirements: 
 “… take all reasonable precautions to protect the environment and the health and safety of persons and to 
maintain security”; and 
 “… take all reasonable precautions to control the release of radioactive nuclear substances or hazardous 
substances within the site of the licensed activity and into the environment as a result of the licensed activity”. 
There were many options available to Cameco to eliminate the risk of contaminants migrating off its UF6 
plant site, including the removal of all contaminated soil from beneath the UF6 plant. 
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All of these options would achieve the same end goal which was the prevention of unreasonable risk to the 
environment and public. Cameco and its consultants prepared a matrix to assess the safety, practicality and 
reasonableness of the various options that would eliminate potential risks to the environment and the 
public. This matrix was reviewed by CNSC staff and, after appropriate modifications, accepted. This 
options matrix allows a risk-informed decision regarding the option that would achieve the desired goal in 
the safest, most practical and effective way. 

As a preferred environmental management option accepted by the CNSC, Cameco completed limited 
excavation of soil both beneath and adjacent to the UF6 plant and installed and operated two groundwater pump-
and-treat systems immediately to the south and east of the UF6 plant. The ultimate goal of the pump-and-treat 
systems is to prevent further migration of dissolved contaminant mass beyond the perimeter of the UF6 plant 
based on site hydrogeology and the contaminant plume characteristics. 

Model simulations both prior to and following pumping, as well as incorporating expanded pumping 
capacity in the east plume further suggest that annual discharges of uranium to the harbour at the facility 
will decrease by a factor of approximately 25% as a consequence of pumping near UF6 Plant. 

Cameco applied the lessons learned from the subsurface contamination of UF6 plant (Building 50) to its 
UO2 plant (Building 24) and removed subsurface contamination found around the main sump area and 
installed a groundwater pump-and-treat system on the east side of the plant to mitigate flow of 
contaminated groundwater to the harbour. 

As part of its environmental management strategy to address the groundwater contamination between the 
UO2 plant and the harbour and reduce the potential discharge of dissolved contaminants in groundwater to 
the harbour, a groundwater capture well was installed in November 2008 between the north-eastern part of 
the UO2 plant and the harbour to recover contaminated groundwater in this area. 

Cameco also carried out a number of major improvements inside its UF6 plant, including replacement of large 
sections of the ground floor and application of chemical-resistant coatings to all floors, as well as removal of 
some contaminated soil from beneath the building. In addition, the company has significantly increased its 
leak prevention and detection capability by using double containment around sumps and adding leak 
detection sensors to some in-ground structures. Trenches have been sloped to ensure liquids are drained 
immediately to sumps. Cameco has indicated that they will inspect all trenches regularly as part of improved 
liquid management practices in place since August 2008. 

In addition to its control of Building 50 contamination, the CNSC required Cameco to extend their 
investigation beyond Building 50 to map all site sources on contamination, be they related to current 
operations or historic activities at the site. Cameco has installed an extensive ground water monitoring 
network along the Port Hope Harbour Turning Basis, the closest off-site receiving environment. 

On June 30, 2008, Cameco submitted its “Long-Term Environmental Monitoring Program of Groundwater 
and Surface water Quality”. The performance of the groundwater recovery system is being evaluated by 
Cameco through its long-term groundwater monitoring plan. In an effort to determine in more detail the 
level of continuing risk, the CNSC has asked Cameco to collect both groundwater and surface water 
samples. To date, no adverse changes have been observed in groundwater or surface water quality that can 
be attributed to the current operation of the facility. 

With the completion of the remedial measures to address groundwater contamination originated from 
Buildings 50 and 24, it is anticipated that the migration of contamination from the facility to the harbour is 
mitigated and that the groundwater quality will improve over time. 
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Lessons learned from a regulator’s perspective 

There are certain lessons that we, as CNSC staff, can glean from the unplanned release of contaminants to 
the surrounding environment due to certain ageing civil substructures at the UF6 plant, and all the 
surrounding investigative and remedial activities: 

 Increased regulatory oversight at such facilities should result in improved licensee performance with 
respect to the operation and maintenance of the licensed facility. This in turn would result in reduction 
of the number of unplanned releases to the environment. 

 Existing environmental monitoring networks and programs may not always be sufficient to address new 
environmental impacts. The urge to do so, especially when there is a time pressure, should be resisted. 

 It is critical to view any new event in the context of existing and historical site information, in order to 
ensure that the cumulative risk to the environment, health and safety are not unreasonable. 

 Information gathered and lessons learned from one event should be incorporated in future baseline 
compliance verification program. 

 It is important to develop clear and consistent communication method with the licensee so that regulatory 
staff expectations of the work scope, work quality and timelines are better understood by the licensee. In 
the long run, this reduces duplication of efforts, and guess work between the two parties. 

 Due to the fast pace of new information being submitted by the licensee in the immediate aftermath of 
the event, it is important to maintain the single point of contact and have an effective action tracking 
method. 

CNSC staff recognises that the above lessons can be equally valid at other licensed facilities. Therefore, as part 
of the continuous improvement process, CNSC has recently embarked on a series of improvement initiatives, 
collectively referred to as the Harmonised Plan, which also address many of the above-noted issues. Some of 
the ongoing initiatives include - a move from an expert based approach towards a process based approach; - 
improvement to the licensing approach; - preparation of information documents that clarify staff expectations on 
specific topics as well as their review methodology; and, - improvements to communications tools such as the 
CNSC internet website. CNSC has also recently started a project charter called “Process for Establishing 
Release Limits for Nuclear Facilities” in order to develop a basis for the CNSC regulatory approach on releases 
to the environment for both radiological and non-radiological contaminants. 

At the Directorate level, a new Action Tracking Tool is being rolled out that allows all facility project officers to 
document and track action items and follow-ups stemming from inspections and reactive events. 

At the Division level, all project officers meet on a weekly basis to exchange notes and learn from each 
other‟s experience. 

Communication between the Cameco Fuel Services Division and DNCFR also takes place at the 
management level through an annual Facility Control Meeting to address on-going issues at all three of 
their fuel processing facilities. 

Concluding remarks 

Fuel processing facilities, especially ageing ones such as the Port Hope Conversion Facility, continue to 
warrant increased regulatory oversight due to their ageing infrastructure, changing workforce as well as 
increased scientific and technological improvements. 

As this paper describes, ageing infrastructure especially poses much higher potential of unplanned releases 
to the environment that has impact on the employees, the surrounding community as well as on the 
operator himself. However, with an effective operation and maintenance programs, such events can be 
reduced. The regulator can definitely influence such a positive outcome through an increased regulatory 
oversight of such facilities. 
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Figure 1. Cameco Port Hope Conversion Facility layout and location 

 

Figure 2. Long term monitoring groundwater sampling locations 
Post-excavation distribution of uranium above background (2.5 µg/g) in soils  
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Figure 2. Long term monitoring groundwater sampling locations (Cont‟d) 
Post-excavation distribution of uranium above PHAI criteria (76 µg/g) in soils 
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Figure 3. Uranium concentrations in groundwater 
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Figure 4. Fluoride concentrations in groundwater 
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Figure 5. Arsenic concentrations in groundwater 
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SAFETY BASIS FOR EXTENDED OPERATION OF FUEL FACILITIES 

Peter Habighorst 
U.S. Nuclear Regulatory Commission, U.S.A. 

In 2006, the United States Nuclear Regulatory Commission (NRC) established a policy authorising an 
increase in the term of new licenses and license renewals for certain fuel cycle facilities to 40 years. 
Following the approval to extend license terms, the Commission directed the staff to review the current 
fuel cycle inspection program to ensure that the inspectors are appropriately focused on the licensees‟ 
existing programs that address material degradation and aging issues. The Commission also directed the 
staff to describe how material degradation and aging issues are addressed within the NRC‟s licensing and 
inspection program. In a memo dated February 20, 2007, the Executive Director for Operations advised the 
Commissioners that the existing inspection and licensing programs were adequate to deal with aging 
management at fuel cycle facilities. 

Regulatory basis and background 

The term for a materials license in the United States is not established by statute. Rather the term is a 
matter of Commission discretion as noted in section 103(c) of the Atomic Energy Act: 

“…each such license shall be issued for a specific period, as determined by the Commission, 
depending on the type of activity to be licensed, but not exceeding forty years, and may be renewed 
upon expiration of such period”. 

Thus, the Commission may revise the license term based on risk or operating performance history, up to 
forty years. 

Prior to the Commission authorising issuance of licenses with terms up to 40 years, the typical license term 
for a major operating fuel cycle license (i.e. licensees authorised to possess and use special nuclear 
material for reactor and fuel fabrication and/or recovery, pursuant to Title 10 of the Code of Federal 
Regulations [10 CFR] Part 70) was 10 years. A change to increase to a 10 year term from the initial 
renewal term of 5 years occurred in June, 1990. The Commission‟s bases for changing the renewal period 
from 5 to 10 years were: 

 Operators of major fuel cycle facilities became stable during the previous 10 years with few 
significant changes to their licenses and operations. 

 The NRC required the licensees to update the safety demonstration sections of their licenses at an 
increasing frequency (i.e. every 5 years then 2 years and now every year). 

In developing the basis for extended license terms for fuel facilities, the NRC staff evaluated information 
on aging management that was developed to support license renewal for power reactors. Plant Aging 
Information for Power Reactor Licenses, NUREG/CR-6490, is a systematic compilation of plant aging 
information based on over 500 documents: Nuclear Plant Aging Research (NPAR) program reports 
sponsored by the Office of Nuclear Regulatory Research, Nuclear Management and Resources Council 
(NUMARC, now Nuclear Energy Institute) industry reports addressing license renewal for major structures 
and components, licensee event reports (LERs), and generic communications (information notices, generic 
letters, and bulletins). The staff also considered information contained in the reports provided by the Union 
of Concerned Scientists. 
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The Generic Aging Lessons Learned (GALL) report (NUREG-1801, July 2001, updated September 2005) 
builds on NUREG/CR-6490, The GALL report provides a tool for NRC staff to evaluate the adequacy of 
licensee aging management programs when reviewing an application for renewal of a power reactor license. 

The GALL report is a technical basis paper supporting the Standard Review Plan (NUREG-1800, Standard 
Review Plan for Review of License Renewal Applications for Nuclear Power Plants) for renewal of a power 
reactor license, and lists aspects that the applicant should be monitoring or inspecting in its aging 
management program. Aging management as it applies to power reactors is an explicit requirement of 10 
CFR 54.21, which requires each application to address these issues for the operating period of the license. 
Although licensees may propose alternative methods for managing aging effects, the staff‟s evaluation of the 
adequacy of each applicant‟s aging management program in monitoring certain aging effects for particular 
structures and components is based on its review of the following aging management program elements: 

 Parameters monitored or inspected should be linked to the effects of aging on the intended functions of 
the particular structure and component. 

 Detection of aging effects should occur before there is a loss of the intended function of any structure 
and component. This includes aspects such as method or technique (i.e., visual, volumetric, surface 
inspection), frequency, sample size, data collection and timing of new or one-time inspections to 
ensure timely detection of aging effects. 

 Monitoring and trending should provide for prediction of the extent of the effects of aging and timely 
corrective actions. 

 Acceptance criteria, against which the need for corrective action will be evaluated, should ensure that 
the intended functions of a particular structure and component are maintained under all current 
licensing basis design conditions during the period of extended operation. 

 Corrective actions, including root cause determination and prevention of recurrence, should be timely. 
 The confirmation process should ensure that preventive actions are adequate and appropriate 

corrective actions have been completed and are effective. 
 Administrative controls should provide a formal review and approval process. 
 Past corrective actions resulting in program enhancements or additional programs, should provide 

objective evidence to support a determination that the effects of aging will be adequately managed so 
that the intended functions of each structure and component will be maintained during the period of 
extended operation. 

The categories of equipment identified in the report are not limited by the reactor type (Pressured Water 
Reactor (PWR) or Boiling Water Reactor (BWR). Tables in the report list a wide variety of safety system 
components, including: reactor vessels, steam generators, cooling water components, auxiliary systems, 
steam systems, fire protection, and electrical systems. 

The aging effects or mechanisms include: stress corrosion cracking, pitting, fatigue damage, freeze-thaw 
cycling, bio-fouling or microbial induced corrosion, and includes risks to nickel alloys, stainless and 
carbon steel, as well as clad components and concrete. 

In September 2000, the NRC established new requirements for certain licensees authorised to possess a 
critical mass of special nuclear material. These regulations are Subpart H of Part 70 of Title 10 of the Code of 
Federal Regulations (10 CFR Part 70, Subpart H) require that each licensee establish and maintain a safety 
program including process safety information, an integrated safety analysis and management measures. 

In October 2004, fuel manufacturing licensees were required to submit an Integrated Safety Analysis (ISA) 
Summary, listing all credible scenarios with high or intermediate consequences to a worker or a member of 
the public. In addition, the licensees were required to identify the Items Relied on for Safety (IROFSs) 
associated with such scenarios, which mitigate the consequences or reduce their likelihood. 
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Each fuel cycle licensee is required to maintain records of failures documenting each discovery that an 
IROF or management measure has failed to perform its function upon demand or has degraded such that 
the performance requirements are not satisfied. These records must identify: 

 The safety function affected. 
 The date of discovery. 
 Date (or estimated date) of the failure. 
 Duration (or estimated duration) of the time that the item was unable to perform its function. 
 Any other affected IROFSs or management measures and their safety function. 
 Affected processes. 
 Cause of the failure, whether the failure was in the context of the performance requirements or 

upon demand or both. 
 Any corrective or compensatory action that was taken. 

In addition, licensees must review facility changes to ensure the performance of safety controls is not 
reduced. Fuel cycle licensees are required to implement a robust configuration management (CM) program 
to evaluate, implement, and track each change to the site, structures, processes, systems, equipment, 
components, computer programs, and activities of personnel. Regulations require that the CM program 
address the following prior to implementing any change: 
 The technical basis for the change. 
 Impact of the change on safety and health or control of licensed material. 
 Modifications to existing operating procedures including any necessary training or retraining before operation. 
 Authorisation requirements for the change. 
 For temporary changes, the approved duration (e.g., expiration date) of the change. 
 The impacts or modifications to the integrated safety analysis, integrated safety analysis summary or 

other safety program information. 

NRC inspectors examine these records on an annual basis and generic information on equipment 
performance is shared within the industry. Generic communications are the NRC's primary method of 
communicating industry experiences and sending information to licensees and interested stakeholders. 
Once issued, a generic communication is posted to the NRC external Web site 
(www.nrc.gov/readingrm/doc-collections/gen-com). 
Regulations require that events such as IROFSs failures are reported to the NRC. Records of the events are 
maintained in a searchable database. It is noted that there is no category for “age degradation.” As a result, 
such events would be listed as “defective or failed part.” However, within the “failed part” category, a 
search can be made for age related entries. A subcontractor was tasked with the review and analysis of 
events reported between 1990 and 2007, and to date, no adverse trend regarding material aging failures has 
been identified. 
The NRC concluded that fuel cycle facilities do not have significant aging and degradation concerns, since 
the licensing and inspection programs ensure that IROFSs are maintained reliable and available to perform 
their safety function through the application of management measures, which include maintenance records 
and functional tests. 

Fuel cycle facilities aging effects mechanisms compared to power reactors 

The risk of significant age degradation failures at fuel cycle facilities is lower than power reactors for 
multiple reasons; including equipment maintenance and replacement practices and operating environments. 

In general, equipment replacement and major maintenance is performed during an annual inventory outage. 
No large radiation source terms must be considered when replacing or repairing fuel cycle equipment. 
Because the radiological source terms at fuel cycle facilities are limited to alpha particles and decay 
products, not fission products, there is no need to protect workers by shielding fuel cycle equipment, even 
when operating. 
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Fuel cycle facilities operate on a batch or semi-batch process, which can be suspended at any time to 
replace or repair equipment. The operating schedule for the majority of fuel cycle facilities is five days per 
week. Depending on the required throughput or refueling contracts, a typical fuel fabricator may operate 
with one conversion or powder production line undergoing maintenance while another is in the full 
operating mode. There are no hazardous activities taking place in a production line that would prohibit 
maintenance in adjacent operating aisles. 

Designs for environmental and dynamic effects for new facilities and new processes at existing facilities 
provide additional protection. Of note is the requirement that all new facilities address the risks from 
seismic events. This requirement has resulted in facilities which favor dynamic containment designs, 
compared to static containment designs. The resulting IROFSs more often include redundant filtration 
systems and ventilation units and few heavy shield walls. 

The operating environment of most equipment in fuel cycle facilities also reduces the risks of age-related 
degradation. Key equipment items are generally not located in highly elevated or confined locations at fuel 
cycle facilities. Fuel cycle facilities have no high pressure processes equivalent to a power reactor. Most of 
the uranium handling systems operate at sub-atmospheric or low positive pressures. As a result, there are 
few pressure vessels, except the uranium hexafluoride (UF6) cylinders and vaporisers. As stated above, fuel 
cycle licensees do not rely on thick pressure boundaries to protect workers and the public from radiological 
or chemical risks. There are a limited number of high temperature atmospheric systems, including but not 
limited to dry conversion vessels, calciners, and pellet sintering furnaces. The high temperature equipment 
is fabricated from appropriate Inconel and Monel alloys which provide the required material properties and 
corrosion resistance at these operating conditions. Fuel cycle processes do not operate at the temperatures 
or pressures that would introduce creep or stress failure mechanisms. There are no neutron embrittlement 
concerns in fuel cycle equipment. Carbon steel exhibits a property called the Nil Ductility Transition 
(NDT) temperature. Below the transition temperature, steel loses its ductility and becomes brittle. The 
temperature varies with alloy but is usually fairly low, below the freezing point of water. Long term 
neutron irradiation causes crystal lattice defects in the steel which raises the NDT temperature. The 
concern is that if the NDT temperature rises above that of the cooling water, in the event of an accident, 
cold cooling water could shock the reactor while it was below NDT and thus cause it to fracture. Some 
reactors have installed heaters in the cooling water supply systems to ensure that the water is above the 
NDT temperature. Contrary to the above, no safety related cooling water applications are required at fuel 
cycle facilities and therefore no such scenarios exist. 

Unlike a power reactor, fuel cycle facilities have no key electrical components in wet (steam supply) 
environments. Many fuel cycle processes operate in moisture exclusion areas, designed to prevent moisture 
from getting into the process, for both product quality and criticality safety reasons. Fuel cycle facilities 
have no equivalent to the steam and cooling water subsystems at a power reactor. There are no safety 
related water treatment subsystems. There are no borated water systems or similar corrosive sub-systems 
which require special corrosion life programs. 

Fuel cycle facilities are encouraged to use defense-in-depth practices as a design philosophy, applied from 
the outset and through completion of the design. This philosophy is based on providing successive levels of 
protection so that health and safety will not be wholly dependent upon any single element of the design, 
construction, maintenance, or operation of the facility. The net effect of incorporating defense-in-depth 
practices is a conservatively designed facility and system that will exhibit greater tolerance to failures and 
external challenges. Management measures such as inspection and testing programs are in place to ensure 
high reliability and availability. 

Safety evaluation report for the license renewal at Richland fuel fabrication facility 

On 24 April 2009, the NRC staff approved the first 40-year license renewal for a fuel fabrication facility at the 
Areva-Richland Facility. The NRC‟s safety evaluation report documented the regulatory conclusion of 
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acceptability to renew the license. Select areas evaluated by the NRC staff included surveillance/monitoring, 
procedures, configuration management, and maintenance that ensure that IROFS are maintained reliable 
and available to perform their safety function. Excerpts from the NRC‟s safety evaluation report for Areva-
Richland‟s 40-year license renewal included: 

 “Activities, such as preventative maintenance, calibration, functional testing, and follow up to 
corrective maintenance, are established to monitor performance of the IROFS. Data obtained from 
IROFS failures will be entered into the Corrective Action Program for evaluation along with cause 
identification and assignment of any corrective actions required. Records showing current IROFS 
surveillance, performance, failures and corrective actions will be maintained”. 

 “Procedure changes or revisions covering licensed material operation will be evaluated in accordance 
with 10 CFR 70.72 as it relates to their potential impact to IROFS and the ISA. Temporary changes 
have a formal process that describes the conditions for implementation and its review and approval 
requirements. Safety-related procedures will be periodically reviewed, with define review frequencies, 
grade based on importance to safety as part of a formal program”. 

 “Licensee has suitably and acceptably described its commitment to a proposed configuration 
management (CM) system, including the method for managing changes in procedures, facilities, 
activities, and equipment for IROFS. Management-level policies and procedures, including an analysis 
and independent safety review of any proposed activity involving IROFS, are adequately described in 
the license renewal application and provide reasonable assurance that consistency among design 
requirements, physical configuration, and facility documentation is maintained as part of a new 
activity or change in an existing activity involving licensed material”. 

 “Licensee has committed to an adequate maintenance of IROFS. Areva‟s maintenance commitments 
contain the basic elements to maintain availability and reliability: (1) corrective maintenance; (2) 
preventive maintenance; (3) functional testing; and (4) surveillance and monitoring. Areva‟s 
maintenance function is proactive, using maintenance records, PM records, and surveillance tests to 
analyse equipment performance, and to seek the root causes of repetitive failures. The surveillance or 
monitoring, PM, and functional testing activities described in the license renewal application provide 
reasonable assurance that the IROFS identified in the ISA Summary will be available and reliable to 
prevent or mitigate accident consequences. The maintenance function: (1) is based on approved 
procedure; (2) employs work control methods that properly consider personnel safety, awareness of 
facility operating groups, QA, and the rules of configuration management; (3) uses the ISA Summary 
to identify IROFS that require maintenance and at what level; (4) justifies the preventive maintenance 
intervals in the terms of equipment reliability goals; and (5) creates documentation that includes 
records of all surveillance, inspections, equipment failures, repairs, and replacements of IROFS”. 

The NRC concluded during the license renewal at Areva-Richland facility, that significant aging and 
degradation concerns are minimised, since programs ensure that IROFSs are maintained reliable and 
available to perform their safety function through the application of procedures, configuration 
management, maintenance, and functional tests. 

Significant United.States fuel cycle events: 

A review of significant U.S. fuel cycle events in the last twenty years concluded that the root or 
contributing causes for each of the events were not related to equipment or plant aging. 

On 23 October 2006, at the AREVA facility on Richland, Washington, an operator noticed a 
pungent/disagreeable hydrofluoric acid (HF) smell from a small leak in the top head of a UF6 to UO2 dry 
conversion vessel. The leak was caused by an inadequate bond of a seal weld around a plug. Mechanical 
interferences with the plug during operation resulted in stresses being imparted to the weld, with resulting 
failure. As part of their contributing cause analysis, the licensee examined the internal condition of all the 
conversion vessels. It is of note that the dry conversion system at AREVA-Richland was in operation 
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approximately 10 years at the time of the incident. As part of the corrective actions associated with this 
event, the licensee has installed HF detectors at each conversion vessel, with set points well below the 
concentration of concern. Using these indicating alarms, the licensee is able to detect minor flange leaks 
and identify material degradation prior to a significant failure. 

A UF6 accident due to a cylinder rupture occurred at Sequoyah Fuels in Gore, Oklahoma, on 
4 January 1986. The accident occurred when an overloaded 14-ton cylinder was reheated to remove excess 
F6. The cylinder ruptured, releasing a dense cloud of UF6 and its reaction products. This accident resulted 
in the death of one individual from HF inhalation. An additional 31 workers were exposed to the released 
cloud. NUREG-1198, “Release of UF6 from a Ruptured Model 48Y Cylinder at Sequoyah Fuels 
Corporation Facility: Lessons Learned Report” was published as a result of this event. Although cylinder 
testing practices were examined during the review of this event, neither cylinder metallurgy nor aging were 
a factor. 

In May 1991, a process upset occurred in the solvent extraction portion of a uranium recycle unit at Global 
Nuclear Fuels, Inc. in Wilmington, North Carolina. The process upset caused the accumulation of enriched 
uranium in favorable geometry tanks in a waste processing area. When these tanks filled, their uranium 
contents were transferred, in some instances without sample measurement, to an unfavorable geometry waste 
accumulation tank, and then to a second, unfavorable geometry waste treatment tank. Although the upset was 
observed by operators late on an evening shift, the process was not shut down until the next morning, when 
measurements indicated high uranium concentrations in the unfavourable geometry tanks. Licensee 
management was made aware of the incident later that morning, and a technical evaluation/recovery team 
was established. A criticality incident did not occur, but the margin of safety was reduced. The licensee 
removed the excess uranium from the waste treatment tank over a period of several days using centrifuge 
techniques. As a result of this event, NRC Bulletin 91-01 was issued, and fuel cycle licensees were required 
to promptly evaluate and report the degradation of any controlled parameters used to prevent nuclear 
criticality to licensee management and the NRC. This was an operational event and neither tank metallurgy 
nor aging were a factor. 

Conclusions 

On 24 April 2009, the NRC staff approved the first 40 year license renewal for a fuel fabrication facility. 
The basis for regulatory acceptance was to demonstrate that the ongoing safety program complied with 
overall performance requirements. The elements of the safety program involved process safety 
information, an integrated safety analysis, and management measures. Furthermore, management measures 
include configuration management, corrective and preventative maintenance, procedures, audits, 
assessments, incident investigations and quality assurance elements that are all necessary to ensure the 
availability and reliability of safety equipment to function for the entire license term. 
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FUEL INTERIM STORAGE FACILITIES 

Bernhard Gmal, Sandra Geupel 
Gesellschaft für Reaktorsicherheit GRS mbH, Germany 

Gerhard Schmidt 
Öko-Institut e.V., Germany 

Abstract 

In Germany different types of fuel cycle facilities are currently in operation. The major part is represented by dry 
storage facilities for spent nuclear fuel, where the fuel is stored in transport and storage casks. Licensing of spent fuel 
storage facilities is limited to 40 years. By a condition of the license is required, that the casks must keep their 
transportability, i.e. fulfills transport requirements at any time of the storage period. As there is up to now no explicit 
experience from dry cask storage for such a time frame, aging management with regard to the safety functions of the 
cask becomes an important issue. In addition for the entire facility, in particular the cask handling equipment, the safe 
operability must be ensured. 

Ageing of Facilities over timescales of several decades is a complex process that includes technical as well as many 
non-technical aspects. Non-technical aspects include the general ageing of technologies, organisations, of the 
workforce and its qualifications, of knowledge and practical experience, of attitudes and expectations towards safety 
issues and, last but not least, of regulation schemes. 

A future-oriented and sustainable Ageing Management Program (AMP) must include these aspects. It is further 
required that the AMP is evaluated from time-to-time to ensure that itself is still appropriate to ensure safety. 

The authors therefore advocate for a systematic approach to managing ageing. A scheme is presented that provides 
step-by-step checks for technical as well as non-technical aspects of ageing. This will be completed by examples from 
the current practice. 

1. Introduction 

In the Eighties, two central interim storage facilities for Spent Fuel and High-Active Nuclear Waste, 
located at Gorleben and Ahaus, were constructed and put into operation. Following the political decision to 
exclusively allow At-Reactor-Long-Term-Storage of Spent Fuel as Waste Management Strategy, between 
1998 and 2001 twelve new applications for dry storage facilities of spent fuel were filed1. These 
applications were finally granted; the facilities were built and are under operation. The permits limit the 
operating time of these facilities to 40 years. 

During that regulation process, the German Reactor Safety Commission formulated Safety Guidelines for 
Spent Fuel Storage Facilities in 2001.2 “To control long-term and ageing effects during the applied-for 
period of use of the interim storage facility”, these Guidelines require the operator to present a monitoring 
concept (Chapter 2.15). This concept shall be designed to ensure “that the overall condition of the plant is 
monitored”, and further lists five minimum requirements for that: 

                                                      
1. Bruno R. Thomauske: “Interim Storage of Spent Nuclear Fuel in Germany – Situation, State of Licensing 

Procedures, Prospects”. Waste Management‟02, 24-28 February 24 2002, Tucson/Arisona. 
www.bfs.de/de/transport/publika/vt_thomauske_tucson_2002.html/vt_thomauske_tucson_2002.pdf 

2. Reactor Safety Commission (RSK): “Safety Guidelines for Dry Interim Storage of Irradiated Fuel Assemblies in 
Storage Casks”. Recommendation of the RSK, April 5, 2001. 
www.rskonline.de/English/downloads/rskonlineempfdryinterime.pdf 
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 “At intervals of 10 years, the facility operator regularly has to prepare a report about the condition of 
the storage building and of the components necessary for interim storage. 

 The condition of the storage building and of the components necessary for interim storage has to be 
inspected by walk-down and suitable measurements. 

 Recurrent settlement measurements have to be performed for the storage building. 
 Random inspections of the storage casks have to be carried out. 
 The results of recurrent inspections have to be evaluated”. 

2. Current status of spent fuel storage facilities 

Actually twelve on-site storage facilities are in operation at the NPP sites according to the agreement of 
2001, the thirteenth, Obrigheim is under construction. Three central storage facilities at Gorleben, Ahaus 
and Greifswald have been approved earlier. There are three slightly different concepts (STEAG, WTI, 
Tunnel) realised, but all are basing on the same principles. The basic safety requirements, in particular 
enclosure of the radioactive inventory, shielding of the neutron and gamma radiation, ensuring of sub-
criticality and removal of the decay heat are provided by the cask design. In addition radiation shielding to 
the environment, protection against weather conditions and (for WTI and Tunnel concept) against external 
impact is provided by the storage building. The main differences between STEAG and WTI concept are 
the alignment of the storage areas and the thickness of the walls and roof, which are considerably higher 
for the STEAG concept (Figure 1). The tunnel concept is a single case solution born form specific local 
conditions of the Neckarwestheim NPP site. In the limestone hill at the site two tunnels have been built as 
storage sections. The walls are made of concrete and the bottom of reinforced concrete. A 51 m high 
chimney, 19 m high above the ground, provides the air outlet for cooling the casks. 

Figure 1. Concepts for dry cask storage of spent fuel in Germany (left: WTI, right: STEAG) 

 

The state as of December 2007 of utilisation of the interim storage facilities for spent fuel is presented in 
Table 1. In total 1,455 positions for fuel flasks can be used, corresponding to 14,125 t of heavy metal 
(HM). The storage capacity is large enough for the demand that results from the nuclear production, as 
limited by § 7(1a) and Appendix 3 of the Atomic Energy Act, of approximately 10,000 tHM. Only spent 
fuel assemblies will be stored in the on-site storage facilities and the permissions are limited to 40 years 
starting with the emplacement of the first flask. 

High-level waste from reprocessing of spent fuel is stored in the central storages at Gorleben. The vitrified 
waste from the German reprocessing facility in Karlsruhe WAK will be stored at the Greifswald ZLN (5 
CASTOR HAW flasks). The license application of NPP Obrigheim for dry storage was issued later. The 
concept is based on temporary storage containers. The NPP Obrigheim has been shut down finally in 2005. 
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Table 1. Status of the storage facilities at the NPP sites and the central storage facilities 

Nuclear power plant site In operation since Positions for casks  
with storage capacity 

Emplaced  
[tHM] as  

of 12/2007 

Number of  
emplaced casks  
as of 12/2007 

Lingen 2002 130 pos.;1,250 tHM  245  24 
Brunsbüttel 2006   80 pos.;450 tHM 33   4 
Grafenrheinfeld 2006   88 pos.;800 tHM 71   7 
Grohnde 2006 100 pos.;1,000 tHM 62   6 
Biblis 2006 135 pos.;1,400 tHM   366  36 
Brokdorf 2006 100 pos.;1,000 tHM 62   6 
Krümmel 2006   80 pos.;775 tHM 92  10 
Unterweser 2007   80 pos.;800 tHM 10 1 
Philippsburg *) 2006 152 pos.;1,600 tHM   241  24 
Gundremmingen 2006 192 pos.;1,850 tHM   117  13 
Isar 2007 152 pos.;1,500 tHM  61 6 
Neckarwestheim 2006 151 pos.;1,600 tHM   254  27 

Obrigheim Application from  
22 April 2005   15 pos.;100 tHM   

Sum  1,455 pos.; 14,125 tHM 1614 164 
Ahaus (TBL-A) 04 / 1987 420 pos.;3,960 tHM  61 329 
Gorleben (TBL-G) 09 / 1983 420 pos.;3,800 tHM 37   80 
Greifswald (ZLN) 11 / 1999   80 pos.;585 tHM  583   65 

*) 16 Containers with 161 tHM are in temporary storage. 

3. Actual implementation of ageing management issues 

According to legal obligations the competent authority for granting the operation license of storage facilities in 
Germany is the Federal Office for Radiation Protection (BfS). The supervising authority is the state government 
of the respective federal state, where the facility is located. The limitation of the storage permission to 40 years 
was introduced to demonstrate that the German Government is committed to its obligation to provide final 
storage facilities, as stipulated by § 9a(3) of the Atomic Energy Act. The 40 years result from the expected time 
that is necessary to plan, license, build and operate a final storage facility and to condition and dispose the waste 
in the repository. At least six years before the end of the permitted storage period the licensee has to present a 
concept for his future spent fuel management. 

Currently no systematic approach on ageing management is applied in spent fuel storage, but different 
means are implemented to ensure, that the safety requirements are fulfilled during the whole storage 
period. Main safety functions are provided by the cask, so long-term behavior of the cask bearing the spent 
fuel assemblies is of main interest. The permission for storage also presumes fulfillment of the 
requirements of Type B(U) license of the casks for public transport. At first leak tightness and performance 
of the sealing are main objects of surveillance. According to the applied concept of two lids with 
Helicoflex® metal sealing leak tightness is monitored continuously. In case of a detected loss of pressure 
for the gas volume in the space between the primary and secondary lid a repair concept is available. The 
measurement equipment is designed for self-monitoring. 

Additionally every ten years at least two randomly selected pressure sensors are exchanged and 
investigated in detail by disassembling. According to the competent Federal Institute for Material Research 
and Testing (BAM) the safety function of the metal sealing type in use is ensured at least for the planned 
storage time of 40 years. Nevertheless the long-term performance of the lid sealing system is being studied 
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by accompanying experimental investigations on national and international level3. So it has been found, 
that in some cases corrosion of the outer Aluminum coating of the gasket occurred due to residual moisture 
in the sealing groove, which had not been removed during the vacuum drying after cask loading in the 
storage pool. Although the leak tightness was not affected, now a Silver coating instead of Aluminum is 
used and the cask loading and drying procedure has been improved. Important components for handling 
and transportability of the casks are the trunnions. Their safe function may be affected for example by 
corrosion caused by insufficient drying or condensation of water. Therefore it is ensured by design that no 
water can get into gaps between the cask body and the trunnion. So a periodic dismantling and inspection 
of the trunnion can be avoided, providing the additional advantage of lowering the radiation exposure to 
the personnel. 

Ageing effects due to radiation exposure have been observed for polyethylene which is used in certain cask 
types for neutron moderation and hence improvement of the shielding effect. This can lead to release of 
Hydrogen gas and pressure build-up in the cavities, where the material is inserted. In order to release that 
pressure in a controlled manner, new casks are now equipped with valves for pressure release. A secondary 
effect is partial shrinking of the moderator material, but no significant attenuation of the neutron shielding 
effect has been estimated. Currently no additional measures are provided. 

In some cases outer corrosion due to condensation of water has been observed. As a consequence the outer 
coating of the casks has been improved and periodic inspections were introduced. In addition an active 
management of the ventilation system of the storage facility is applied to minimise condensation of moisture. 

Actually the ageing management of the storage cask is directed to ensure the safety functions for the whole 
storage period by appropriate design and quality assurance and to minimise the number of inspections and 
necessary actions at the cask in order to minimise the radiation exposure to the personnel. This is also valid 
for the performance of the stored fuel assemblies. By calculation has to be demonstrated, that no systematic 
fuel rod failure will occur for the storage time and the fuel assemblies will keep their geometric arrangement, 
which is also a condition for transportability and for later handling in a conditioning plant. For achieving this 
goal accompanying tests and exchange of information on experience between operators and cask 
manufacturers as well as expert organisations (TUEV, BAM) and supervising authorities are being 
performed. 

Other important objects of ageing management are the storage building and handling equipment, e. g. the 
cranes. Currently a standardised practice is not yet fully implemented, but there is a periodic exchange of 
information between the supervising authorities of the different federal states, where the facilities are 
located. Construction of the storage building was licensed by conventional building law. Periodic 
inspection of the civil structures (e.g. settling measurements) is being performed according to licensing 
conditions and requirements of the RSK Safety Guidelines2. For example in some cases an inspection of 
the storage building by walk-down is being done every year, a detailed engineering assessment is 
performed every five years, while according to the RSK Guidelines a report on the storage building is 
required for a 10-year period (see section 1.). 

Besides this, periodic inspections for certain time intervals (as a rule every five years) are being carried out 
for the handling equipment by independent experts in accordance with relevant nuclear regulations, for 
example KTA 39034, which are to be applied analogously for non NPP facilities. The type and period of 
inspections have to be documented in an Inspection Manual in accordance with the standard KTA 12025. 

                                                      
3. Dietmar Wolff et al.: “Safety Aspects of Long-term Dry Interim Storage of Type-B Spent Fuel and HLW 

Transport Casks”, Proceedings of PATRAM 2004, 20-24 September 2004, Berlin, Germany. 
www.tes.bam.de/ram/pdf/Final_Paper_172.pdf 

4. Safety Standards of the Nuclear Safety Standards Commission (KTA): KTA 3903 “Inspection, Testing and 
Operation of Lifting Equipment in Nuclear Power Plants”, version 6/1999, reaffirmed 11/2004. 

5. Safety Standards of the Nuclear Safety Standards Commission (KTA): KTA 1202 “Requirements for the Testing 
Manual”, version 6/1984, reaffirmed 6/1999. 
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Identified deficiencies (if any) have to be eliminated by repair or improvement of the system, and if 
appropriate the reasons for the shortcoming have to be detected and evaluated. A systematic exchange of 
experience and safety related expertise has been implemented by periodic working group meetings, by the 
operators as well as by competent authorities. 

To ensure the preservation of know how and transfer of knowledge to the next generation, the qualification 
and expertise of the personnel in the facilities has to be demonstrated by examination. In general it is a 
condition of the licensing that for staffing key positions in the facility the agreement of the supervising 
authority is obligatory. 

4. Overview on principles for an ageing management program for storage facilities 

As the examples in Chapter 3 from currently operated facilities show, there are numerous measures 
implemented to ensure the safe operation for the envisaged operation time of a facility. In other words 
these measures are directed to meet the goals of ageing management, although they are not always 
explicitly addressed under the topic Ageing Management. On the other hand it may be useful with regard 
to completeness to develop a systematic approach for an Ageing Management Program. This can be done 
for example by a systematic screening of all safety relevant components and operational aspects of a 
facility with regard to possible ageing effects. For developing an AMP for a storage facility however, one 
should keep in mind firstly that this type of facility is built and designed for long-term operation and 
ageing is per se an operational issue, and secondly that there are normally very view or no active 
components necessary for the safe operation, at least for dry cask storage. The following describes a 
systematic approach for an Ageing Management Program for those facilities. It is more designed from a 
regulator perspective, but can be adapted to whatever needs. 

To be adequate, an Ageing Management Program for Interim Storage Facilities cannot be copied-and-
pasted from other facilities such as NPPs6 or Research Reactors, but must be differently designed to 
address the specific characteristics of such a facility. The following names some principles that should be 
followed in the design of an AMP. 

Principle 1: synchronise periodic safety assessment and ageing management activities 

Ageing effects can influence safety, but ageing is only a subdivision of safety. After being checked within 
the Licensing Phase of a facility, safety checks require repetition and updates from time to time (e.g. a 
period of 10 years), which is called Periodic Safety Assessment (PSA). PSAs take up all safety related 
changes and update all safety evaluations, so ageing issues fit into this section. 

Figure 2. Relation between ageing management and periodic safety assessment 

 

                                                      
6. For Guidance on Ageing Management principles at NPPs see the IAEA Safety Guide NS-G-2.12 at: 

www-pub.iaea.org/MTCD/publications/PDF/Pub1373_web.pdf. For a comprehensive description of an adequate 
Ageing Management Program for NPPs see: www ansn.iaea.org/file/iaea/training/Ageing management of nuclear power 
plant components important to safety/Module 9.ppt 
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The idea behind Periodic Safety Assessments is to reflect changes in the safety of the facility and to re-
evaluate the safety status of the facility, including changes in Science and Technology as well as changes 
in the Regulatory framework. 

Ageing Management in part looks at the same issues, as components are concerned. So, Ageing 
Management is not an independent activity, besides the Safety Assessment, but is an integral part of the 
Safety Management as a whole (see Figure 2). So it also makes sense to synchronise all Ageing 
Management activities with the Safety Assessment updates of the PSA. 

Principle 2: include non-technical ageing issues 

The second thing to realise is that ageing is a very complex issue, and involves technical as well as non-
technical issues.7 The influence of non-technical issues on the overall safety of a storage facility is 
demonstrated by the following examples: 

 A storage facility, after it is equipped with storage casks, has only few employees, if any. Maintaining 
its operation for four decades requires personnel that is well-qualified and has the necessary working 
experience for handling the casks, operate the facility equipment, perform the necessary checks and to 
react to unplanned conditions and events. Maintaining safety over several decades of operation time so 
requires a thorough planning for the personnel and its necessary working experience (Personnel 
Management). 

 Especially under the condition that the storage operation doesn‟t require a considerable steady 
workforce, the necessary knowledge and experience has to be preserved over some decade‟s time. 
This applies to the knowledge which is available as written documentation as well as for knowledge 
that is of more practical experience and can only be transferred in the “learning-by-doing” mode 
(Knowledge Management). 

 In a time frame of 40 years, many changes in conditions affecting the safety of a storage facility can 
happen. If you need some examples, try to remember the changes between 1968 and now (if you‟re old 
enough) and try to figure out, where non-linear changes happened. Handling and reacting to changes, 
unusual conditions and unexpected events, requires a combination of well-trained, experienced workforce 
with a stable organisation as background resource. Safety regulation is not static; its ageing has to be taken 
into account. And: Organisations as such are subject to change, and implications for safety have to be 
assessed from time to time (Change Management). 

 With high probability private companies owning and operating such facilities undergo changes in 
these long timeframes. Those changes include re-organisation or re-structuring, change of ownership, 
and, in the worst cases, include bankruptcy. All these changes can influence the owner‟s ability to act 
and react. Ageing Management therefore must include the check, if the Safety Management structure 
is still adequate and the ability to act and react will remain intact over the foreseeable future. 

 Over several decades, the expectations towards safety of such facilities and the quality of assuring its 
safe operation can change rapidly. Quality assurance as a basic requirement needs re-assessment from 
time to time, including the necessary upgrades of the quality assurance setup and procedures (Quality 
Management). 

                                                      
7. IAEA‟s Regulatory Control Glossary at www.iaea.org/ns/tutorials/regcontrol/intro/glossarya.htm defines a similar 

aspect: „non-physical ageing: The process of becoming out-of-date (i.e. obsolete) owing to the evolution of 
knowledge and technology and the associated changes in codes and standards. Examples of non-physical ageing 
include unavailability of qualified spare parts for old equipment, incompatibility between old and new equipment, 
and outdated procedures or documentation (e.g. which do not comply with current regulations). Strictly, this is not 
always ageing as defined above, because it is sometimes not due to changes in the structure, system or component 
itself. Nevertheless, the effects on protection and safety, and the solutions that need to be adopted, are often very 
similar to those for physical ageing; the management of non-physical ageing is therefore often addressed within the 
same programme as that for the management of physical ageing. The term technological obsolescence is also used. 
“This does e.g. not address ageing aspects of personnel and knowledge/experience-based safety issues. 
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Focusing ageing management to only the physical ageing of components would exclude those aspects from 
any consideration and would make the Plan incomplete. As the examples show those aspects can influence 
safety and hence need some attention. 

Principle 3: avoid active systems to guarantee safety 

The third basic thing to realise is that interim storages such as the dry storage facilities in Germany do not 
require active safety systems to perform the safe enclosure of the stored radioactive wastes. A separate 
branch for active systems (see Figure 2) is not necessary to be included in the Management Program. The 
absence of active systems makes ageing management different from those at other facilities that rely on 
active systems: failures of components due to ageing mechanisms are not readily detected during routine 
operation, so regular monitoring measures such as automatic testing or periodic walk downs with a focus 
on the ageing of components are required, preventive monitoring is the prevailing strategy for components 
and early replacement the strategy for replaceable parts. 

Principle 4: apply replace ability criteria 

Fourth, instead of branching between active and inactive systems, Ageing Management for dry storage 
facilities should treat replaceable parts and components differently. While the central goal for non-
replaceable components is their preservation and protection against ageing mechanisms, the goal for 
replaceable components is to maintain the ability to replace them and e.g. to maintain certain quality 
features (e.g. through Obsolescence Management). 

Principle 5: tailor a specific AMP 

The fifth basic fact with dry storage facilities is that the number of components is much smaller and the 
safety related systems are much less complex than in other facilities. This eases Ageing Management, but 
doesn‟t completely relieve from the burden of managing ageing. But this fact advocates for a specific AMP 
rather than copying it from other facilities. 

Principle 6: clear the scope and time of the AMP 

Another issue in the German context is, whether the “normal” activities of Testing and Inspection in such a 
facility are part of the ageing management activities or whether these cover all the needs for managing 
ageing or not. Clearly, established Testing and Inspection procedures have a close interaction with ageing 
management activities. But, as both their scope as well as their repetition period does not fit to typical 
long-term ageing management needs, these activities can provide valuable input for some ageing issues for 
some of the components. But Testing does not cover these needs completely (see Figure 3 for a 
comparison of typical goals and time periods). 

Figure 3. Differences in scope and time between routine inspections and ageing inspections 
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Principle 7: selecting repetition periods 

A further basic question is at which frequency Ageing Inspections should be based on. As a typical repetition 
period for Inspections ten years are discussed. A shorter time could be more adequate for those components. 

 That are not regularly tested and inspected. 
 For which no or only short experiences are available. 
 That underwent a design, materials or environment change. 

A longer time period could be envisaged for those components for which large and long-lasting 
experiences over timescales of several decades are available. The problem with longer time scales is that 
they require a measure of reliability for predicting material ageing, wearout and non-technical aspects that 
basically is not available, and hence the reliability of predictions diminishes rapidly. 

5. From ageing issues to an ageing management program 

Figure 4 symbolises the resulting subdivisions of the Ageing Management for dry storage facilities and 
integrates them into an Integrated Safety Management System. Other possible parts of the Management 
System, which are not ageing related, like the operational safety systems, radiation protection etc., are not 
displayed here. 

Figure 4. Issues to be treated in an integrated AMP for storage facilities 

 

The safety goals that have to be followed in an appropriate Ageing Management Plan for dry storage 
facilities for the three categories are detailed in Figure 5. The listed goals substantiate the directions in 
which Ageing Management has to point to concerning these three different areas. 

As has been stated above and can be seen in Figure 5, the goals for these three subdivisions are very specific. 
None of these goals is applicable in any other area. So, the differentiation based on the replace ability is 
justified. 

Checking the “Replace Ability” for Replaceable Components includes making sure that: 

 The components are still accessible. 
 The components are technically available. 
 Replacement parts fulfill the necessary quality requirements. 
 Stock keeping of spare parts are adequate, fulfill current and foreseeable future quality requirements 

and that their ageing inspection has shown that these are still usable. 

Making sure that the components are still technically available typically involves Obsolescence 
Management methods with a long-term perspective of ten years or longer. The following questions show 
the direction in which Obsolescence Management should be focused on: 

 Will the component still be available over the next decade (Supplier and Market Analysis)? 
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 Does the component‟s fabrication require special techniques that are only scarcely available or even 
exclusively necessary for that component (Technological Availability)? 

 Has the supplier changed or shifted ownership of the company, its production location, its production focus 
or its technical and guaranteed specifications (Evaluation of Instability Factors)? 

 Will interfaces between the component and its neighboring components change (Interface Design and 
Fit)? 

 Does a replacement of the component by available similar types require complex technical changes to 
other parts and components (Grade of System Embedding)? 

Obsolescence Management should also be applied to the available stocks of components. This is to ensure 
that the available stocked components still fit the needs. 

Similar detailed checks should be performed for all the goals listed in Figure 5. 

Figure 5. Issues and goals of an AMP for storage facilities 

 

6. Setting up and maintaining an AMP for a dry storage facility 

Table 2 provides a sorted list of items that should be stepped through when creating and updating an AMP for 
storage facilities. The steps involve technical as well as non-technical aspects that require attention. 

Table 2. Stepwise creation and update of an AMP for storage facilities 

# Creation Update 
Technical components Non-technical aspects 

1 Identification of all components Identification of all relevant non-
technical ageing aspects 

Add new components and 
additional aspects 

2 Setting up component list, 
Classification of the components in 
respect to safety 

Determination of the status for all 
aspects (status description) 

Check classification, update 
status 

3 Compilation of properties, strain, 
stress and wear, ageing mechanisms 
and ageing evaluations for all 
components 

Compilation of all effects, impacts 
and influences,  
changes and their effects 

Check for completeness and for 
necessary changes 

4 Creation of inspection and check lists, 
with extent and time intervals 

Creation of investigation lists  
(approaches and procedures) 

Check for completeness and for 
necessary changes 

5 Check list execution, data 
collection and documentation 

Investigation including 
documentation 

Redo execution and 
investigation 

6 Long term evaluation of trends and 
ageing mechanisms 

Evaluation of results Re-evaluate 
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Table 2. Stepwise creation and update of an AMP for storage facilities B (Cont’d) 

# Creation Update 
Technical components Non-technical aspects 

7 Prediction of ageing in the upcoming 
cycle, prevention measures 

Forseeable changes, evaluation, 
counter measures 

Prediction update 

8 - Consequences for the AMP 
9 Overall assessment of the safety of the facility and the ageing 

mechanisms (status, foreseeable changes, measures) 
Update 

10 Description of methods, checks, results, evaluations and measures in a 
10-year-report 

Update 

All but one step, the re-evaluation of the AMP itself, must be stepped through for a complete ageing 
evaluation. 

In Step #1, a complete component list must be set up. This is usually done with an intelligent computerised 
database that allows to insert such component-related information like subcomponents, the manufacturer(s), 
component specification, material information, purchasing information, results from component test results, 
and other details. In the following steps ageing characteristics are added to these components, so the database 
should be able to handle links to these connected descriptions and evaluations, and to step through these 
interconnected information sections. 

Most of the other above listed steps are rather obvious and do not need further description. 

Step #9 requires an appraisal of the complete safety issues, including ageing, such as is done in updates on 
the safety assessment (Periodic Safety Assessment). So it is the question here whether Step #9 is rather part 
of the PSA than that of the AMP. If it is part of the AMP, and if a PSA with that broad safety scope is 
performed, the scope of this step within the AMP can be substantially narrowed down to ageing aspects. 

The last step, preparing a report on ageing, has several functions: it deploys information on ageing 
mechanisms among employees of the operating organisation, including the ones employed only in the 
future, between different facilities of the same operator organisation, can be used to exchange experiences 
between similar facilities of other organisations, and can be used to inform the regulating agencies on 
ageing issues in the facility. 

7. Status and future of ageing management 

It should be noted here that an Ageing Management Plan like the one characterised in Chapter 6 is 
currently not formally required by regulation in Germany. The basic requirement that ageing has to be 
controlled, and a concept for that has to be prepared, has only been proposed by RSK, as described in the 
introduction. Also, PSAs for storage facilities are currently not mandatory in Germany. This can and will 
change in future, when new and advanced standards will be introduced. PSAs for such facilities will be 
introduced to fulfill requirements as set up by the Western European Nuclear Regulator‟s Association 
(WENRA)8. So, the discussion on these new standards is currently going on, and we hope that our work 
feeds into that discussion. 
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8. The WENRA Safety Reference Levels for waste and spent fuel storage (Version 1.0, December 2006) are 

available at www.wenra.org/extra/pod/?id=20&module_instance=1&action=pod_show 
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CONSIDERATIONS OF SAFETY RELATED EVENTS IN THE BRAZILIAN FUEL CYCLE 
FACILITIES WITH RESPECT TO THE MAINTENANCE MANAGEMENT 

Rogério Luis Cunha de Paiva 
Coordination of Nuclear Installations Licensing 

Directorate of Radioprotection and Nuclear Safety 
National Nuclear Energy Commission (CNEN) - Brazil 

1. Introduction 

The licensing process for nuclear fuel cycle facilities is conducted by CNEN through safety evaluation and 
fiscalisation activities, in order to assure the safe construction, operation and decommissioning within 
safety accepted international standards. 

The following fuel cycle facilities are being licensed by CNEN: 

 Poços de Caldas Uranium mining and milling facility (UTM), closed and decommissioning being 
planned. 

 Caetité Uranium mining and milling facility (URA), in operation since 2000. 
 Santa Quitéria Uranium mining and milling facility, applied the License for Construction in 2008. 
 Fábrica de Combustíveis Nucleares (FCN), fuel element plants, with three installations, comprising the 

assembling of fuel elements, in operation since 1982, the reconversion and pelletising, in operation 
since 2000, and enrichment, in operation since 2004. 

 Centro Tecnológico da Marinha (CTMSP), with research laboratories and pilot plants for fuel element 
fabrication and uranium enrichment, in operation since 1988, and conversion, under construction. 

 Storage of Botuxim, with by-products from the monazite sand processing, containing uranium and 
thorium. 

The fuel cycle facility licensee has regulatory reporting requirements which include the obligation to report to 
CNEN any situation or incident that results or is likely to result in a hazard to the health or safety of any person 
or the environment. The licensee has to immediately report the situation and submits a preliminary report just 
after the end of the situation or incident. A final report has to be submitted, including the investigation of the 
causes, correctives actions and all necessary measures taken to prevent recurrence. 

The events are also investigated by CNEN, based on the reports presented, to verify their information, the 
safety assessment performed by the licensee and the adequacy of the corrective actions taken. The 
investigation can be carried out during scheduled inspections, according to the inspections programme, or a 
reactive inspection is conducted just to investigate the event. 

The decision of which action will be taken is based on the magnitude of the event, its importance to the 
safety of the facility and the hazards to the occupationally exposed individuals and the environment. 

The investigation results are reported to the facility management and can be from just a recommendation for 
some action to a request for improvements in the facility, systems, equipments and revision of procedures. 

It is presented here how CNEN began to establish conditions for the renewal of the authorisations for 
operations of the fuel cycle facilities, considering the reports of the safety related events, with the 
increasing number of events caused by failure of systems and components due to inadequate maintenance 
programs and procedures, which take not into consideration the effects of ageing. 
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2. Safety related events registered 

The most significant events related to safety, registered in the last years in the facilities licensed, are 
summarised and presented, as follows, grouped by type of events, with regard to the common causes and 
safety assessment performed. 

The consequences of the events were restricted to the room or area of the installations where they occurred, 
with no impact to the environment. 

2.1. UF6 leakage 

The leakages occurred during the operations of transfer of UF6 between cylinders and the feeding of gas 
into the precipitator of ammonium uranyl carbonate (AUC). They were detected by the HF detectors of the 
detection and alarm systems, with indications in the control room. The operators, in the room, stopped the 
operations immediately. 

The investigations identified the malfunctions of the valve controlling the flow and the feed of UF6. The 
valves stacked in an open position. It was observed, by the maintenance team, that the internal parts of the 
valves were deteriorated, by corrosion. 

The maintenance procedures for the valves determined that they were tested in a fixed period of time, to 
certify its functionality, without verifying the conditions of the internal parts. The corrective action taken 
was the review of the maintenance procedure, to change the valve before the beginning of production, with 
a new UF6 cylinder. 

2.2. Spillage of UO2 – powder 

Spillages occurred more frequently in the pneumatic transportation system of the powder and in the 
feeding of powder and gases to the fluidised bed furnace. The main cause was the failure of the 
connections of the flexibles, used in the transportation system, due to fatigue. 

This type of event occurred also in more three different situations. The first was the failure of the internal 
flexible element of the valve which controls the feeding of the AUC powder from the feed container to the 
fluidised bed furnace. The conclusion of the investigation revealed that the internal flexible of the valve 
collapsed, allowing, during the feeding cycle of AUC powder to the fluidised bed furnace from its feed 
container, the passage of powder and nitrogen from the feeding camera to the cyclone, of the exhausting 
gases ventilation system at the top of the furnace, with pressure sufficiently high to promote the return of 
this material to the vacuum rotating filter. The flexible was a new one, provided by a new supplier, used to 
replace the previous one that was substituted according to the preventive maintenance procedures. The 
cause of the failure was attributed to the specifications of the new flexible, where the operational 
conditions were not properly considered. 

Another event was the spillage of UO2 powder on the floor of the room at the top of the fluidised bed 
furnace, which has maintained closed during operation. The hydrogen detector located in the room at the 
top of furnace didn't indicate the presence of this gas, assuring the inexistence of explosive atmosphere. 
The investigation revealed that during the event a hole was formed in the flexible used for the cleaning gas 
(N2) of the safety valve. The thermal insulating protection of the electrical heating of the metallic tube, on 
the top of the furnace, failed and overheated the flexible tube. The flexible near the metallic tube didn‟t 
resist the heat and a hole was formed, near the tube. The conclusion was that the insulation of the electrical 
resistance of the heating of the metallic tube of process failed due to thermal embrittlement. The 
maintenance procedure was inadequate for the evaluation of operational conditions of the electrical heating 
of the piping, not considering ageing effects. 
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During the production of UO2 pellets other events occurred, with spillage of powder, when holes were 
formed in the pipe used in the pneumatic transfer between the blender and the rotating sieve. The cause of 
the holes was the erosion of the pipes, near the joints, by the abrasive action of the powder, not considered 
in the maintenance procedures. 

2.3. Spillage of solutions containing U 

Spillage occurred during transfer of solutions between tanks. Improper operations performed by operators, 
with inadequate procedures and training, or mal functions of indicators level and operational controls, were 
the causes. 

The failures of the components were attributed to: 
 Fatigue of the material of the buttonhole, used to initiate the automatic sequence of transfer. 
 Inadequate location of the level indicators and corrosion. 

The maintenance procedures established only corrective actions, in case of mal functions of the 
transferring equipments. 

3. Discussion of the events - lessons 

3.1. Identification of deficiencies 

The facilities have a preventive maintenance programme and a corrective maintenance programme in 
place, considering the recommendations and specifications of the manufacturers of the equipments/items. 
Preventive maintenance major review activities are scheduled to be performed at established intervals. 

A maintenance hierarchy criteria is used, based on the definition of two factors, for the purpose of work 
prioritisation and takes into consideration: 
 The degree of importance and the equipment usage and redundancy factors. 
 The degree of importance for the production process with respect to operational safety and 

productivity. 

This hierarchy factors are complemented by three constraint factors depending on the equipment disarming 
capability such as: not to be disarmed, disarmed only for a short period, disarmed for a larger period of time. 
A matrix table is used to correlate the factors with the disarming capability factors. 

The practice can, generally, be described as: 
 Corrective maintenance. 
 Scheduled maintenance, at a fixed period of time, considering the above factors. 

This practice proved to be not efficient to reduce the increasing risks of doses to the occupationally 
exposed individuals and the possibility of releases of radioactive material to the environment, due to the 
safety related events registered. 

The events reported permit to identify the following deficiencies in the facilities: 
 The training of operators in order to avoid a go-and-fix behavior, without communicating the 

problem/difficulty to the supervisor or management of the plant, who shall evaluate the situation, 
establish the actions to be executed and review procedures, considering the safety aspects. 

 The structures, systems and components important to safety (SSC‟s) and operating limits and 
conditions (OLC‟s), including the related performance ones, are not adequately and clearly defined. 

 The maintenance program and procedures do not consider ageing and wear effects on materials, 
equipments and components. 
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3.2. Actions needed to improve safety and associated difficulties 

As a result from the safety assessment of the events, based on the fiscalisation reports, condition-based 
maintenance should to be considered. 

A systematic life management program should be established to support the facilities performance so that 
the maintenance program could benefit from an integrated predictive management approach that identifies 
early failures due to ageing. 

The concepts of reliability-centred maintenance and maintenance management should be considered in the 
structuring of a maintenance system and the implementation of a system of administration of the equipments. 

Several factors had to be considered in the development of new procedures for prioritising maintenance: 
 Operating fuel cycle facilities have satisfactory existing safety cases, performed mainly on a 

deterministic analysis basis, not often including a probabilistic risk or safety assessment. 
 Any new procedure should have as much common ground as possible with current methods for 

optimising maintenance, e.g. reliability-centred maintenance (RCM). 
 A satisfactory way of quantifying safety consequences is via a probabilistic risk assessment. 

The assessment performed to carry out a standard RCM method may be divided into the following steps: 
 System selection and information collection. 
 System boundary definition. 
 System description and functional block diagram. 
 System functions and functional failures. 
 Failure modes and effects analysis (FMEA). 
 Logic tree analysis: 

 To categorise the consequences of each failure mode, the response of the questions is analysed. 
 Is the failure mode hidden or revealed? 
 Does the failure mode cause a safety problem? 
 Does the failure mode result in plant outage? 

 Task Selection: 
 The appropriate maintenance task is selected by answering the questions. 
 Is the age reliability relationship for this failure known? 
 Are there any applicable time-dependent tasks? 
 Are there any applicable condition-dependent tasks? 

Are there any applicable failure-finding tasks? 
 Task comparison (i.e. compare recommended tasks with previous regime). 
 Final check (i.e. check that it all makes sense). 

Some difficulties were identified to the implementation of a standard RCM method, regarding the steps 
listed: 
 The safety cases of the fuel cycle facilities are mainly based on a deterministic accident analysis, 

considering the design basis events, in which a maximum accident is determined and this condition, 
considered in the design, envelops all the other events. This result in a comfortable situation for the 
operator, as the consequences of the events to the environment are nearly none, doses to the 
occupationally exposed individuals, beyond the established limits, are not expected and the facility can 
be safe and immediately shut down without further problems. 

 A special feature of fuel cycle facilities, as in other high technology systems, is that there is 
redundancy in the safety systems, i.e. there are multiple layers of safety systems, making it difficult to 
answer if a failure mode can cause a safety problem. 

 Safety is described by a complicated sequence of events, represented in the event and fault trees of a 
probabilistic risk assessment, and depends on the probability of failure of the individual components. 
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The data needed to perform this, for fuel cycle facilities, is not easily available as for nuclear power 
plants. The diversity of such facilities, with different types, processes and design, and the proprietary 
information protection associated with commercial sensitivity are constraints to be considered. 

Taking into account that the events were contributing to increase the risk of doses to the occupationally 
exposed individuals, to the environment and increase the amount of waste to be managed, CNEN considered 
that the following actions should be executed by the licensees to deal with the identified difficulties: 
 Applied an effort to improve the maintenance records to have, in adequate form, the needed 

information on components failure causes and rate data. 
 Review the operating limits and conditions (OLC`s), considering the operations performance. 
 Review the classification of the structures, systems and components important to safety (SSC`s), 

taking into account the operational experience and the evaluation of time-dependent degradation 
mechanisms, establishing safety margins, in order to prevent and mitigate the consequences of 
accidents that could result in potential off-site exposure, potential contamination of facility areas and 
doses to the occupationally exposed individuals. The following aging mechanisms should be assessed: 
(1) Fatigue. (2) Erosion. (3) Corrosion. (4) Erosion–corrosion. (5) Wear. (6) Thermal embrittlement. 
(7) Irradiation embrittlement. 

 Review the maintenance management and programme, including both managerial aspects (e.g. 
program policy, procedures, performance indicators, staffing, resources, record keeping, etc.) and 
technical aspects (e.g. aging management methodology, the extent of understanding relevant aging 
phenomena, SSC-specific acceptance criteria, aging detection and mitigation methods, and actual 
physical conditions of the SSCs). 

3.3. Licensing considerations 

The main document that gives legal support for the regulatory control of nuclear fuel cycle facilities is the 
following national regulations 1 (full text can be found in www.cnen.gov.br): CNEN NE 1.04 Licensing of 
Nuclear Facilities (1984). 
Other regulations2 established detailed requests, in specific areas, to attend the general requests presented 
in the above regulation. 

The licensing of fuel cycle facilities in Brazil includes the following sequential acts, as established by 
CNEN NE 1.04: 
 Site Approval. 
 Construction Permit. 
 Authorisation for Nuclear Material Use. 
 Authorisation for Initial Operation. 
 Authorisation for Permanent Operation. 

Each of these acts begins with an application by the licensee to CNEN, with the specific required 
information for each of them. 

The safety assessments performed by the Operating Organisation are described in the Safety Analysis Reports. 
CNEN may also perform independent safety assessments that are reported in separated documents. 

The authorisations for operation are issued with expiration date and established conditions, determined by 
CNEN according to the safety assessment of the facility, described in the safety analysis reports. 

The regulations establish general requests for the renewal of the authorisation for operation. They do not 
define specific conditions and requests for the renewal based on safety reviews. 

                                                      
1. Reference 5.1. 
2. References 5.2 to 5.7. 

http://www.cnen.gov.br/
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At any time, CNEN can establish new conditions, within the limits of the standards, demanding review of 
actions, procedures or reassessment of safety aspects, if it is observed during operation of the facility, by 
inspections, that some existing situation can increase the risk of occurrence of safety related events. 

Considering: 
 The safety related events reported and the actions needed to improve safety, presented here in item 3.2. 
 The necessity recognised for means of systematic safety reviews and verification which can 

incorporate the change of safety review environment including equipment degradation of fuel cycle 
facilities due to the increase of total operation age, accumulation of operating experience, scientific 
and technical development, etc. 

CNEN established the following conditions, issued for the renewal of each FCF‟s authorisation for 
operation: 
i) Review the procedures for the maintenance records to have, in adequate form, all the data needed and 

information on the maintenance activities conducted for each system/equipment/component, the 
failure causes and rate data. 

ii) Review the operating limits and conditions (OLCs), considering the operations performance. 
iii) Review the classification and selection of safety systems and components (SSCs). 
iv) Review the evaluation of aging mechanism of SSCs, the effect of aging on function and safety 

margins, the prediction of future state and time exceeding acceptance criteria. 
v) Review the maintenance program, adopting condition-based maintenance concepts, so that a 

comprehensive ageing management programme and the implementation of a system of administration 
of the equipments can be established. 

In order to contribute to the improvements on safety and control of FCFs, other measures are being 
adopted by CNEN. 

A joint program is being conducted with the participation of the Directorate of Radiation Protection Safety 
and the research institutes Centro de Desenvolvimento de Tecnologia Nuclear (CDTN) and Instituto de 
Engenharia Nuclear (IEN). 

The objectives of the program are: 
 Development, evaluation and implementation of softwares to be used to perform an integrated safety 

analysis3 of the fuel cycle facilities, so a set of validated softwares can be used both by the authority 
and the licensees. 

 Development of technologies and techniques of non destructive testing, for the evaluation of structural 
integrity of safety related systems and components. 

 Reassessment of procedures used for the safety risk evaluation 

4. Conclusions 

The safety related events registered during the operations of the fuel cycle facilities in Brazil, as a result of 
the assessment performed, showed the increasing necessity of systematic safety reviews, considering the 
change of safety review environment, the degradation of systems, equipments and components, due to the 
increase of total operation age, and accumulation of operating experience. 

There is a continuous need to review the maintenance system, program and procedures, for nuclear fuel 
cycle facilities, considering condition-based maintenance concepts, establishing a comprehensive ageing 
management programme and implementing a system of administration of the equipments.4 

                                                      
3. Reference 5.8. 

4. Reference 5.9. 
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This must be done at the same time as improving the safety standards, so that the consequence of events 
can be mitigated and minimised, reducing doses to the occupationally exposed individuals and releases to 
the environment.5 

5. References 
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ENVIRONMENTAL IMPACTS AND REMEDIATION 
FOLLOWING THE FAILURE OF AGING INFRASTRUCTURE 

By Rebecca Peters, M.Sc 
Superintendent, Compliance and Licensing, Port Hope Conversion Facility 

Cameco Corporation, Canada 

Cameco Corporation‟s Port Hope Conversion Facility, situated on the shore of Lake Ontario in Port Hope, 
Canada, converts natural uranium trioxide (UO3) into uranium dioxide (UO2) or natural uranium 
hexafluoride (UF6). In July 2007, contaminated soil and groundwater were discovered beneath the UF6 
plant. Extensive investigations, including a root cause investigation and a subsurface investigation were 
conducted. These revealed that poor design, maintenance and subsequent deterioration of infrastructure, 
coupled with a failure to recognise the environmental aspects associated with the in-ground floors, trenches 
and sumps, resulted in multiple small, sustained releases to the environment over many years. 

This paper will focus on the soil and groundwater impacts identified through the subsurface investigation. 
At this site, environmental management of the contamination beneath the UF6 plant was achieved and 
involved consideration of the structural integrity of the plant, groundwater flows to the adjacent harbour 
and lake, the management of significant volumes of contaminated materials, regulatory expectations, 
operational constraints, legacy issues from 80-years of nuclear processing onsite and application of lessons 
learned to other areas of the facility. 

Site background 

Cameco Corporation‟s (Cameco) Port Hope Conversion Facility (PHCF) is located along the north shore 
of Lake Ontario (lake), approximately 100 metres (m) west of the Ganaraska River in Port Hope, Ontario. 
The site is bounded by the lake to the south, Port Hope harbour (harbour) to the east, the municipal water 
works to the west, and rail lines to the immediate north, with the Municipality of Port Hope (Municipality) 
north of the rail lines. Processing of nuclear materials began on this site in 1932 with a radium refinery 
operated by Eldorado Gold Mines Limited, which later became a Crown corporation, Eldorado Nuclear 
Limited (Eldorado) owned by the Government of Canada. Eldorado‟s operations coupled with historic 
environmental practices resulted in legacy contamination on the site, particularly beneath and adjacent to 
buildings on the eastern edge of the site, adjacent to the harbour wall. 

In Canada, uranium processing is regulated by the Government of Canada and licensed by the Canadian 
Nuclear Safety Commission (CNSC). Under its current operating licence, the PHCF receives uranium 
trioxide (UO3) for conversion to either uranium hexafluoride (UF6) or uranium dioxide (UO2) and is also 
authorised to process uranium metal. The Ontario Ministry of the Environment (MOE), Environment 
Canada (EC), the Municipality of Port Hope (Municipality) and the Ganaraska Region Conservation 
Authority (GRACA) are among several agencies in addition to CNSC that have mandates pertaining to 
environmental performance and/or public safety at the PHCF. 

The Canadian government, through the Low-Level Radioactive Waste Management Office (LLRWMO), 
has an initiative known as the Port Hope Area Initiative (PHAI) whose mandate is to cleanup historic low-
level radioactive waste and contaminated soils in the Port Hope area. The waste, which is no longer 
produced, resulted from radium and uranium refining during the 1930s to 1980s. The PHAI is also 
responsible for design and management of a long-term safe storage facility for this waste in the Port Hope 
area. This project is currently in the CNSC licensing process. 
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In conjunction with the PHAI, Cameco has developed a site remediation plan entitled Vision 2010 for 
addressing outdated buildings and legacy contamination from previous onsite operations, including 
Eldorado operations. This material would become part of the waste managed by PHAI in the long-term 
storage facility. The Vision 2010 project is currently undergoing an Environmental Assessment. Generally, 
Cameco has adopted the cleanup criteria established by the PHAI for the Vision 2010 project as well as a 
remediation guideline for the UF6 plant subsurface contamination. 

UF6 plant discovery and immediate response 

The in-service UF6 plant was designed and constructed in the early 1980s by Eldorado. Cameco assumed 
ownership of the property in 1988 and expanded the building to its current size in 1996. The production of 
UF6 involves: 

 A reduction step where fine-powder UO3 is reacted with hydrogen to produce UO2. 
 A wet hydrofluorination step where the UO2 is reacted with hydrogen fluoride (HF) and recycled 

aqueous hydrofluoric acid to produce, after drying, uranium tetrafluoride (UF4). 
 A fluorination step where the UF4 is reacted with fluorine gas (F2) to produce UF6. 
 The fluorine gas is produced onsite in electrolytic cells which split anhydrous hydrofluoric acid (AHF) 

into fluorine and hydrogen gases. 

Other chemicals, including potassium hydroxide (KOH) used for scrubbing HF and residual arsenic, an 
impurity historically found in AHF and hydrofluoric acid (HF) may also be found in process liquids 
throughout the plant, although high arsenic HF has not been received since 1989. 

In 2006, routine non-destructive examination of the cell tempered cooling water tank revealed thinning in 
the walls of this in-ground storage tank. A capital project was developed for 2007, and in July 2007, 
excavation in the cell maintenance area began for the relocation and installation of a new tank. On 12 July 
2007, a concrete pad was poured into the bottom of the excavation. On the morning of 13 July 2007, it was 
discovered that uranium had precipitated overnight on the fresh concrete pad. 

Cameco immediately shutdown production in the affected areas and notified the CNSC and the Province of 
Ontario‟s Ministry of the Environment (MOE). The following day, the environmental investigations began, 
including drilling boreholes inside the UF6 plant for soil sampling and installation of groundwater 
monitoring wells. Within days, chemical analysis of soil and groundwater indicated that the contamination 
contained typical process chemicals such as uranium, arsenic, potassium and fluoride and existed at depths 
that made it subject to possible groundwater movement. Cameco determined that a full UF6 plant shutdown 
was required to complete the investigation, at which time Environment Canada, the Ganaraska Region 
Conservation Authority (GRCA) and the Municipality were notified. 

Cameco proceeded with concurrent investigation projects to ensure that the causes of the subsurface 
contamination of soil and groundwater were investigated as quickly as possible. The steps for the projects were: 
 Root Cause investigation 

 Determine root causes of the event and management response and action plan to address the 
findings. 

 Subsurface investigation 
 Review of floors, trenches, sumps and other in-ground structures to identify potential leak points. 
 Characterisation of soil and groundwater beneath and adjacent to the UF6 plant. 
 Delineation of the plumes from beneath the plant. 
 Risk assessment of the findings of the characterisation and delineation. 

These projects revealed that poor design, construction, maintenance and subsequent deterioration of 
subsurface infrastructure, coupled with a failure to recognise the environmental aspects associated with the 
in-ground floors, trenches and sumps, resulted in multiple small, sustained releases to the subsurface 
environment over many years. The root cause investigation revealed systemic management deficiencies 
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that allowed this event to occur which will be the subject of another paper at this conference. Details on the 
subsurface investigation and the results are provided below. 

Subsurface investigation 

Golder Associates Limited (Golder), third-party experts, conducted a detailed subsurface investigation 
beneath and in the vicinity of the UF6 plant. The scope of the subsurface investigation was to determine the 
location(s) of contaminant source(s) and then delineate the plumes originating at these source points. The 
primary investigation area for the UF6 plant subsurface investigation extended from just west of the UF6 
plant east to the harbour wall and from the north fence line south into the plant parking area and then east 
to the harbour. Data from monitoring wells installed in other areas around the facility were also considered 
as part of the groundwater model developed by Golder. The key study area for the UF6 investigation is 
within the circled area in Figure 1. 

Figure 1. Port Hope conversion facility site layout indicating the UF6 plant and the study area for 
investigation into the subsurface contamination (circled area) 

 

Geological and hydrogeological conditions1,2 

The investigations have shown that the geological and hydrogeological conditions on the site are not 
uniform. In general, the overburden soils above bedrock are generally more than 6 m thick, with the 
topographic high beneath the UF6 plant. In this area the overburden soils are an upper sand and gravel fill, 
underlain by a compact to dense, silty sand to sandy silt to clayey till. To the east the till is replaced by 
organic deposits toward the harbour, and to the south the till is silty sand. Elsewhere, the till, organic 
materials, and/or silty sand is underlain by sand and/or sand and gravel. In certain areas beneath the UF6 
plant, the till is underlain directly by bedrock. 

Bedrock consists of fresh to slightly weathered laminated to thinly bedded limestone, with layers of shale. 
The bedrock typically exhibits evidence of weathering within the upper 0.3 to 1 m, and its surface typically 
dips to the southeast. The water table is generally encountered in the native sandy silt to silty sand till 
below the fill. 
                                                      
1. Golder Associates Ltd., (2008a). Subsurface Investigation - Building 50 (UF6 Plant), Cameco Corporation Port 

Hope Conversion Facility. Prepared for Cameco Corporation, August, 2008. Project #07-1112-0087. 
2. Golder Associates Ltd. (2008b). Site-Wide Environmental Investigation Report, Cameco Corporation, Port Hope 

Conversion Facility. Prepared for Cameco Corporation, December, 2008. Project #07-1112-0087. 

UF6 Plant 
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Concrete investigation3 

A detailed concrete investigation was completed for the ground floor of the UF6 plant. The investigation, 
conducted by Golder, involved a review of construction details of the existing concrete structures, visual 
inspection and delamination surveys, and concrete coring and analysis within various sections of the floor 
slabs, trenches, pits, sumps, pedestals and equipment bases. The concrete investigation identified potential 
leak points through cracks in in-ground concrete trenches and other process liquid containment or 
conveyance structures in the cell room, liquid effluent and cell maintenance areas. These areas are white in 
Figure 2. Lack of appropriate maintenance of this infrastructure in a chemically harsh service such as effluent 
treatment was a contributing factor to the contamination event. Recommendations were made regarding 
repairs or replacement of concrete floors and structures. 

Figure 2. General layout of the UF6 plant indicating where infrastructure failed in white leading to 
contamination of the subsurface 

 
Soil investigation4,5 

As part of the subsurface investigation, 317 soil samples were collected and analysed from beneath the UF6 
plant. These samples were taken as part of the concrete coring program described above, the 
borehole/groundwater monitoring program described below and the continuous soil core investigation to 
characterise the vertical extent of contamination beneath the plant. In addition, 134 soil samples were 
analysed from boreholes outside of the plant within the groundwater plumes. 

The soil investigation within the building identified the highest soil concentrations of the process 
chemicals were found at or adjacent to the potential leak points identified in the concrete investigation. Soil 
contamination was not found to be widespread, but localised (horisontally) to the area of the leak points in 
the cell room (maximum uranium 2000 µg/g), cell maintenance (maximum uranium 16,000 µg/g) and 
liquid effluent areas (maximum uranium 2000 µg/g). Generally, the soil contamination beneath the plant 
decreased with depth, with only isolated areas with elevated concentrations of contamination in the soil in 
the saturated zone at the water table. 

                                                      
3. Golder Associates Ltd., (2008a). 
4. Golder Associates Ltd., (2008c). Update on Soil Characterisation Beneath the UF6 Plant (Building 50), Cameco 

Port Hope Conversion Facility. Prepared for Cameco Corporation, 10 March 2008. Project #07-1112-0087. 
5. Golder Associates Ltd., (2008b). 
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The investigation indicated much lower concentrations of arsenic and uranium in soil immediately outside the 
building. Elevated concentrations of arsenic and uranium were measured in soil further to the east of the UF6 
plant, but these were not likely related to the plant. The buildings between the UF6 plant and the harbour were 
associated with the historic uranium and radium processing operations. This contamination is part of the 
legacy contamination to be addressed as part of the Vision 2010 project. 

Groundwater investigation6,7  

Since the 1980s, there has been a formal groundwater monitoring program in place at the PHCF, 
established during the sitting and construction of the UF6 plant. It is primarily for protection of the nearby 
municipal water treatment facility during the life of the plant. Since the development of the groundwater 
monitoring program, the data had been reviewed in real time with a third party review every two years and 
a conceptual site model (CSM) had been developed. The data had not indicated significant subsurface 
contamination from the UF6 plant at the time of the July 2007 discovery. 

The information from the UF6 plant investigations was used to update and refine the CSM and the PHCF 
groundwater model. This updated model was used to develop a better understanding of groundwater flow 
conditions onsite and to guide the design and installation of remedial measures, specifically groundwater 
pump and treat, at the site. Groundwater flow onto the site is from the northwest, with a change in 
elevations beneath the UF6 plant, dividing the groundwater flow to the east of the plant and to the south of 
the plant, where it would eventually flow east to the harbour. The water table occurs at depths between 3.5 
to 4.5 metres below ground surface (mbgs) in the vicinity of the UF6 plant, and approximately 1 mbgs at 
the south end of the Site. The update did not result in significant changes to the previous CSM. 

The groundwater investigation was initiated in the cell maintenance area at the location of the initial 
discovery of subsurface contamination and drilling continued in all directions from this location to identify 
the outer boundaries of the plume. Chemical analysis of groundwater samples included general parameters, 
anions, cations and metals. Selected samples were also analysed for radiological parameters, petroleum 
hydrocarbons and volatile organic compounds, depending upon historic operating practices where the sample 
was taken. Uranium, fluoride, arsenic and trichloroethylene (TCE) were identified as key Contaminants of 
Potential Concern (COPCs) due to their presence in the UF6 plant in past and/or present operations. 

Groundwater analysis was completed by a third-party laboratory providing independent data for the 
investigation report. However, to expedite analysis to direct next steps in the investigation, Cameco‟s 
analytical lab analysed duplicate samples. A subsequent comparison of Cameco and third-party analyses 
revealed congruence between the results from the two laboratories. 

Within the UF6 plant, 31 monitoring wells were installed at 23 locations during the investigation. Eight of 
these locations were fitted with a nested set of monitors, located at two depths to determine the vertical 
extent of groundwater contamination beneath the plant. The analytical results for these monitoring wells 
indicated that the highest concentrations of uranium (445 mg/L), arsenic (83 mg/L), and fluoride (1840 
mg/L) in groundwater correlated with potential leak points identified in the concrete investigation, the 
majority of these leak points being in the cell maintenance, cell room and liquid effluent areas. 
Concentrations decreased with distance from the identified leak points and also with depth, with wells 
installed just above bedrock exhibiting much lower concentrations than those installed at shallower depths. 

Once it was determined that the subsurface contamination had moved beyond the footprint of the building 
via the groundwater, the investigation was expanded beyond the UF6 plant. In total, 131 monitoring wells 
at 105 borehole locations were installed, including wells adjacent to the building, along the harbour wall, 
and following the plumes to the east and the south of the building. These wells were used to delineate the 
                                                      
6. Golder Associates Ltd. (2008b). 
7. Golder Associates Ltd. (2008a). 
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plume of dissolved contaminants that decreased with distance from the UF6 plant. This investigation also 
indicated where historical contamination of groundwater associated with past operational activities began 
to influence the plumes from the UF6 plant. 

The uranium concentrations in groundwater onsite are shown in Figure 3. Plots for other contaminants 
generally follow this pattern and illustrate the east and south plumes from the UF6 plant and the legacy 
contamination along the east fence line of the site. 

Figure 3. Distribution of uranium in groundwater at the Port Hope Conversion Facility (from Golder 
2008b). Contamination in the upper left quadrant is associated primarily with the UF6 plant with 

historical interaction at the eastern portion of the plume. Contamination in the centre and the lower 
right quadrant is associated primarily with historic contamination and some contribution from the 

UO2 plant at the south of the property. 

 

UF6 plant environmental management8,9 

In order to address the findings of the different investigations, Cameco‟s environmental management plan 
(EMP) to address the subsurface contamination from the UF6 plant was multifaceted. The contamination to 
be managed included a considerable portion of the residual mass of uranium and arsenic at relatively 
shallow depths in the soil in the unsaturated zone above the groundwater table primarily beneath the plant, 
additional mass of uranium and arsenic and other contaminants present in the saturated soil in the zone of 
impacted groundwater, and the contaminated groundwater migrating from the building footprint. 

The UF6 plant foundations were designed and constructed with spread footings utilising shallow (generally 
less than 1.2 meters) concrete footings, with deeper concrete footings provided in areas of abnormally large 
and/or heavy equipment. The footings exist at elevations above the groundwater table, and their design 
restricted access to the subsurface. Feasibility and building stability limited the depth and volume of soil that 
could be removed. 
                                                      
8. Golder Associates Ltd., (2008b). 
9. Cameco Corporation (2007). Updated EMP for Process Liquid Leakage from Building 50 (Port Hope 

Conversion Facility). December, 2008. 
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Environmental management was achieved by limited soil excavation to a depth of approximately 0.6 metres 
in the localised areas of identified leak points. This involved the most heavily contaminated soil in the liquid 
effluent area, a significant portion of cell maintenance and limited areas within the cell room. In total 
approximately 1000 m3 of contaminated soil were removed. An estimated 190 kg uranium, 10 kg arsenic and 
350 kg fluoride were recovered based upon a post-excavation sampling program of the drummed soil. 

In order to ensure that the residual material in the soil in the unsaturated zone above the water table would not 
continue to contaminate beyond the footprint of the building, the means of transport to the saturated water 
table zone needed to be eliminated. In order to achieve this, leak paths identified through subsurface 
infrastructure repaired or infrastructure replaced as per the recommendations in the concrete assessment. A 
major concrete reconstruction program was undertaken that involved removing all non-essential subsurface 
structures, repair and/or replacement of concrete floors and sealing the floors with chemically resistant 
coatings appropriate for the local process chemicals in each area. In addition to this, the new liquid 
management system incorporated triple leak protection, meaning liquids will not routinely come into contact 
with concrete, and Cameco improved its operating procedures to provide more focus on liquid management 
and industrial housekeeping. Taken together, these actions significantly reduce the likelihood of remobilising 
contamination in the unsaturated zone. 

In order to prevent further spread of soil contamination in the saturated zone and of contaminated 
groundwater, Cameco installed and is operating a network of pump-and-treat wells in the east and south 
plumes from the UF6 plant. The groundwater model indicates that these wells are capturing all groundwater 
from beneath the UF6 plant. The capture zone is shown in Figure 4. Approximately 32 m3 of groundwater 
is collected daily and treated onsite by evaporation. 

Figure 4. Capture zone for the groundwater remediation system and groundwater elevations  
(from SENES, 2009)10 

 

Regulatory interaction 

Cameco recognised the importance of communication with key stakeholders during the investigations and 
implementation of corrective actions. In order to keep its regulators informed about the progress of the 
investigation, daily updates were provided to the CNSC and other regulators. As the investigation 
                                                      
10. SENES Consultants Limited (2009). Port Hope Conversion Facility Site Wide Risk Assessment: Human Health 

and Ecological Risk Assessment. June 30, 2009. Project 34653. 
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concluded and plant rehabilitation began, weekly updates replaced daily until the restart of operations in 
September 2008. In addition to the written updates, Cameco held regular meetings with the CNSC to 
review progress and submitted many detailed reports. Joint regulators meetings involving the MOE, 
Environment Canada, and Department of Fisheries and Oceans were held, in particular at milestones such 
as major report submission or discovery. This increased communication with the CNSC and other 
regulators has carried forward to other projects and has resulted in quicker resolution of some issues. The 
Municipality has been kept informed of the progress and resolution of the investigation through informal 
discussions with the mayor and presentations to municipal council. 

Risk assessment11,12 

The groundwater and soil investigations resulted in a better understanding of site conditions through a 
detailed subsurface characterisation. The EMP for the UF6 plant removed a proportion of the soil 
contamination at the source and prevents further migration of subsurface contamination from the 
unsaturated zone and through the groundwater. Following the implementation of the EMP, using the 
information from the investigation and the EMP, SENES Consultants Limited (SENES) conducted human 
health and ecological risk assessment studies. The human health risk assessment assessed chemical and 
radiological exposure of both onsite workers and offsite members of the public and found that there was no 
unacceptable risk associated with the leakage of process chemicals from the UF6 plant in any of the human 
health scenarios assessed. The ecological risk assessment assumed the continued operation of the pump 
and treat system, and assessed chemical and radiological exposure of terrestrial and aquatic biota and 
found that there was no unacceptable risk associated with the leakage of process chemicals from the UF6 
plant in any of the ecological scenarios assessed. The EMP mitigates risk associated with the subsurface 
contamination from the UF6 plant. 

Monitoring 

An expanded long-term surface water and groundwater monitoring program was implemented in the third 
quarter of 2008. This program has been significantly expanded from the original program and was 
designed to provide early detection of leaks from production buildings, document any changes in 
subsurface contaminant conditions across the site, document surface water quality in the harbour and 
confirm that performance objectives for the EMP are met. The water level and water quality data collected 
under this program will be reviewed annually in a third party report. The increased level of groundwater 
surveillance will allow Cameco to identify issues sooner, in the unlikely chance of a recurrence. 

Site wide investigation 

The soil and groundwater investigations identified two plumes of groundwater containing elevated 
concentrations of contaminants including uranium and arsenic as a result of the leakage from the plant. The 
plumes, one to the south and one to the east of the UF6 plant, were found to migrate towards the harbour 
beneath the older, historic parts of the PHCF. The chemical characteristics of both plumes were influenced 
by the presence of other contaminants in the subsurface as they approached the harbour. 

Following the implementation of the EMP at the UF6 plant, Cameco recognised the need to better 
characterise the subsurface conditions of the entire site and thus initiated a site-wide environmental project. 
This work included an investigation phase, a risk assessment phase and an environmental management 
phase. The investigation and risk assessments are complete and the development of the environmental 
management plan is in progress. The site-wide environmental management plan will incorporate 
                                                      
11. SENES Consultants Limited (2008). Port Hope Conversion Facility Building 50 Risk Assessment. August 2008. 

Project 34653. 
12. SENES Consultants Limited (2009). 
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environmental management activities already in place through the EMP and will need to address potential 
risks identified in the site wide risk assessment and be consistent with soil and groundwater remedial 
actions that are planned as part of Cameco‟s Vision 2010 project, an initiative to clean up historic waste 
materials onsite, and consider controls of groundwater discharge to the harbour. This investigation will 
allow Cameco to prioritise remediation activities onsite and to ensure that its workers, the public and the 
environment are protected from any risk associated with subsurface contamination on the site. 

Implications of the subsurface contamination 

Through this investigation, Cameco has recognised the need for improved environmental management and 
control to limit future impacts, if any, on human health and the environment and has expanded this from a 
limited area of the operating site to the entire operating site. Cameco has placed increased focus on 
development of a strong safety culture within the organisation, including improvements to maintenance 
and asset management. Cameco has worked and will continue to work extensively and cooperatively with 
its regulatory stakeholders to develop and implement risk informed environmental management plans to 
ensure protection of people and the environment. 

This contamination event was due to faults in original design and construction, as well as inadequate 
management and maintenance of in-ground structures over approximately 25 years of chemical processing. 
As a result of this contamination, which occurred from small leak points in several areas of the plant over 
an extended period, the UF6 plant did not operate for approximately 14 months. The direct cost of the 
investigations, rehabilitation and environmental management of the contamination was approximately 
60 million dollars with ongoing costs for maintenance of new infrastructure and operation of 
environmental management systems. 

This event and the follow-up activities highlighted the importance of ensuring that barriers, such as floors 
and trenches, are maintained for the operational lifetime of the building. It also emphasised the importance 
of re-evaluating monitoring programs to ensure that the design purpose of the program continues to be 
achieved. It also indicated the importance of understanding one‟s assets, including infrastructure and 
buildings, and their potential implications on safety and the environment. 

As a result, Cameco has made significant infrastructures upgrades and improved operating and 
maintenance practices at both of its operating plants at the PHCF. The learning experiences have also been 
shared with other operations across the corporation. Cameco has redeveloped its groundwater and surface 
water monitoring programs to better understand the subsurface conditions at the site, and to ensure that the 
EMP continues to manage the subsurface contamination beneath the UF6 plant. Monitoring and modeling 
to date suggests that the EMP is achieving this goal. The EMP, Vision 2010 and PHAI all address 
subsurface contamination at or adjacent to the PHCF. Their scopes and timeframes have some overlap 
which has added an additional layer of regulatory complexity, due to the environmental assessment, 
licensing and other regulatory requirements. Cameco has worked closely with its regulatory authorities to 
achieve a path forward, including the EMP for the UF6 plant and a site-wide environmental investigation, 
including an ecological and human health risk assessment. Considering the findings of the site wide risk 
assessment, and in consultation with CNSC, MOE and EC, Cameco is developing a risk-informed 
environmental management plan that builds upon the UF6 plant EMP and considers future actions to be 
taken under Vision 2010 and the PHAI. The site wide environmental management plan will address 
subsurface contamination not associated with the July 2007 discovery beneath the UF6 plant. 
 



NEA/CSNI/R(2010)4 
 

198 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

199 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

200 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

201 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

202 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

203 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

204 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

205 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

206 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

207 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

208 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

209 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

210 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

211 

 
 

 
 

 



NEA/CSNI/R(2010)4 
 

212 

 
 

 
 



NEA/CSNI/R(2010)4 
 

213 

PORT HOPE CONVERSION FACILITY: 
LEARNING FROM THE PAST AND REBUILDING FOR THE FUTURE 

Dale R. Clark 
Manager, Production 

Cameco Corporation, Port Hope Conversion Facility 
Port Hope, Ontario, Canada 

1. Executive summary 

Cameco Corporation‟s Port Hope Conversion Facility, situated on the shore of Lake Ontario in Port Hope, 
Canada, converts natural uranium trioxide (UO3) into natural uranium dioxide (UO2) or natural uranium 
hexafluoride (UF6). In July 2007, contaminated soil and groundwater were discovered beneath the UF6 
plant. Extensive investigations, including a root cause study and subsurface investigation, were conducted. 

The Root Cause investigation identified six (6) causal factors that led to the contamination. These six 
specific issues focused on the design, maintenance and subsequent deterioration of the plant infrastructure, 
along with a failure to recognise the environmental aspects associated with the inground floors, trenches 
and sumps. These factors resulted in multiple small, sustained releases to the environment over many years 
and are summarised below: 

1. Some containment structures were not designed (or constructed) to resist a corrosive environment. 

2. Liquid entering containment structures was frequently corrosive and attacked the containment 
structures. 

3. Contaminants (uranium + chemicals) frequently entered the containment structures. 

4. Liquid and sludge remained in the containment structures for sustained periods of time. 

5. Some containment structures and concrete floors deteriorated over time and began to leak. 

6. The monitoring system did not detect deterioration and/or leakage from the containment structures. 

Cameco initially implemented four primary corrective actions to address all six causal factors. These 
included: recognising floors, trenches and sumps as safety critical systems; a redesign of the floors, 
trenches, and sumps in the plant; implementing an effective corrective action program; and a detailed 
assessment of the groundwater monitoring system for the plant. 

A major capital investment for the company was required to redesign and implement improvements to the 
containment structures throughout the plant. This started with the philosophy of operating the plant with no 
standing liquids on the floor at any time and avoiding any in-ground structures to the extent possible. 
Sumps were installed with double containment and leak detection systems in-between. Catch tanks were 
installed above ground to collect liquids from higher elevation sources and enable the sumps to be 
constructed of minimal size. Any liquids collected in the sumps are transferred to the catch tanks 
immediately. New floor coatings were developed to be properly resistant to any corrosion from the 
chemicals that may be present in the area. After the significant investment and lengthy shutdown to 
complete the upgrade, the floors and containment systems in the plant were brought up to world-class 
standards for this type of facility. 
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In addition to the four corrective actions and plant redesign described above to address the specific root 
causes leading to this event, Cameco also identified four systemic management deficiencies that are 
viewed as parent causes to the six causal factors identified. In effect, all of the causal factors identified in 
the Root Cause Report are symptomatic of the four systemic, management based findings listed: 

 Acceptance of poor operating practices (i.e., lack of a questioning attitude) among all levels of the 
organisation. 

 Lack of management oversight for change control and quality of design construction. 

 Inadequate maintenance and asset management programs. 

 Insufficient management response and follow-up to identified issues. 

Collectively, the four root causes listed above were indicative of an inadequate safety culture at the Port 
Hope Conversion Facility. To address this, a comprehensive safety culture improvement plan (later 
renamed Operational Excellence) was developed and implemented for the entire Fuel Services Division of 
Cameco Corporation. This allowed the site to focus efforts on the key initiatives required to change the 
culture and drive accountability. 

The transition is ongoing and will be a long journey for the Port Hope Conversion Facility, but the short-
term results have been dramatic and extremely positive. This is a strong indication that the site is on the 
right path to establishing a world-class safety culture and ensuring safe and environmentally sound 
operations for many years to come. Hopefully the lessons learned from this incident in Port Hope can 
benefit not only the Conversion Facility but many others in the industry as well. 

2. Background of event 

Cameco Corporation‟s Port Hope Conversion Facility is located along the north shore of Lake Ontario in 
Port Hope, Ontario, Canada. Processing of nuclear materials began on this site in 1932 with a radium 
refinery operated by Eldorado Gold Mines Limited, which later became a Crown corporation, Eldorado 
Nuclear Limited, owned by the Government of Canada. Cameco Corporation, established in 1988, 
assumed ownership of the property that year and is currently licensed to convert natural uranium trioxide 
(UO3) into natural uranium dioxide (UO2) or uranium hexafluoride (UF6). 

The current UF6 plant was designed and constructed in the early 1980‟s by Eldorado. Cameco later expanded the 
building to its current size in 1996. The production of UF6 involves the following steps and chemicals: 

1. A reduction step where fine powder UO3 is reacted with hydrogen to produce UO2. 

2. A wet hydrofluorination step where the UO2 powder is reacted with hydrogen fluoride (HF) and recycled 
aqueous hydrofluoric acid, followed by complete drying, to produce uranium tetrafluoride (UF4). 

3. A fluorination step where the UF4 is reacted with fluorine gas (F2) to produce UF6. 

4. Fluorine gas is produced onsite in electrolytic cells which split anhydrous hydrogen fluoride (AHF) 
into fluorine (F2) and hydrogen gas (H2). 

5. Other chemicals, including potassium hydroxide (KOH) used for scrubbing HF and arsenic, an 
impurity historically found in AHF and hydrogen fluoride (HF) may also be found in process liquids 
throughout the plant. High arsenic HF has not been received at the plant since 1989, but some 
residuals are still evident. 

The fluorine gas described in step #3 above is produced on-site in electrolytic cells that split anhydrous 
hydrogen fluoride (HF) into hydrogen (H2) and fluorine gas (F2). These cells heat up in the process of 
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producing fluorine gas and are kept cooled by a constant flow of cooling water through pipes within the 
cells. This is referred to as the cell tempered cooling water system. 

The storage tank for the cell tempered cooling water system was located “in-ground”. Periodic non-
destructive testing identified thinning of the tank wall in 2006. Arrangements were therefore made to 
replace the tank during the next year. In July 2007, excavation began for the installation of the new tank 
prior to removing the old tank. A concrete slab was installed in the bottom of the excavation on 12 July. 
The following day (13 Friday), workers noticed yellow staining on the pad and reported their observations 
to management. The apparent source of the uranium was contaminated water that entered the excavation 
pit following the removal of a remnant tree root from the sidewall. Uranium in this water likely 
precipitated overnight on the freshly poured concrete pad. 

Because the depth of the slab was well above the water table, the source of the contamination was from 
some perched source. It was therefore initially believed that the contamination was originating from the old 
cell tempered cooling water tank and therefore likely to be localised. Nevertheless, a drilling rig was 
arranged for immediately to properly delineate the extent of the contamination. The first borehole showed 
the following values in groundwater: 
- pH of 11 
- potassium: >20,000 mg/l 
- uranium: 450 mg/l 
- arsenic: 80 mg/l 

Since potassium hydroxide is used in the plant scrubbing system and the effluent treatment room that 
processes spent scrubbing solution is located adjacent to this borehole, it was quickly learned that the 
contamination was more widespread than originally anticipated. 

Production operations in the immediate area of the discovery were shutdown on 13 July immediately 
following the initial discovery. The entire UF6 plant was then shutdown on 19 July after subsequent 
borehole results were received and confirmed that the contamination contained typical process chemicals 
and existed at depths that made it subject to possible groundwater movement. This full shutdown was 
necessary to fully focus plant efforts on the expanded scope of this investigation and ensure no further 
contamination was occurring due to plant operations. 

Over the course of the next few months, Cameco would come to learn that the contamination extended 
underneath much of the footprint of the UF6 operations building. A companion paper by R. Peters (2009) 
reviews in detail the subsurface investigation to delineate the full extent of the contamination and the 
environmental management measures put in place to address it. This paper focuses instead on the lessons 
learned from the root cause assessment of this incident to prevent recurrence, from both a technical 
perspective and in terms of human factors and management systems. 

3. Root cause assessment 

Cameco quickly recognised the urgency of this situation and commissioned a root cause investigation to be 
conducted by an independent third party, who is well experienced in the TapRooT method of investigation. 
The TapRooT method of root cause investigation, or equivalent, was required for this level of incident 
according to Cameco‟s Incident Assessment Matrix. In his efforts, the primary investigator was supported by a 
number of technical experts in hydrogeology and concrete assessment. The investigation‟s mandate was to 
examine all of the relevant events and conditions leading up to and following the discovery of subsurface 
contamination at the Port Hope conversion facility on 13 July 2007. Both the basic and root causes of the 
contamination incident were identified as well as corrective action recommendations to significantly lessen the 
chances of this type of incident occurring in the future. 
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The TapRooT report identified thirty-five (35) root causes which were grouped into six (6) different 
causal factors (Causal Factors) for this incident. These six causal factors are summarised below: 

1. Some containment structures were not designed (or constructed) to resist a corrosive environment. 
2. Liquid entering containment structures was frequently corrosive and attacked the containment 

structures. 
3. Contaminants (uranium + chemicals) frequently entered the containment structures. 
4. Liquid and sludge remained in the containment structures for sustained periods of time. 
5. Some containment structures and concrete floors deteriorated over time and began to leak. 
6. The monitoring system did not detect deterioration and/or leakage from the containment structures. 

Essentially, the key findings were that process liquids and sludge were allowed to remain in containment 
structures (floors, trenches, and sumps) for extended periods. The liquids and sludge were corrosive over time 
and the design and/or construction of the containment structures was not sufficient to prevent leakage. For 
example, there was no chemical resistant coating applied to the cell room trenches, although this was applied 
in other areas of the plant. There is also evidence to suggest that the actual construction of this floor in the 
early 1980‟s did not match the original design intent for proper sloping to prevent pooling of liquids and a 
monolithic pour of concrete to avoid joints and potential leak paths. Actual construction of this floor was 
found to have been cast in two separate sections (first the floor, then the walls), which could create “cold 
joints” and lead to small openings in the concrete structure. One of the floor joints in the cell room was later 
found to have failed and was indeed one of the leak paths into the ground. No records associated with these 
construction and design changes in the Cell Room floor could be found during the investigation. 

Another example of the actual operations not matching the original design intent of the plant was the 
change of the Effluent area “pit” from secondary containment of two storage tanks to becoming primary 
containment and holding the contaminated liquid directly in the “pit” (with the storage tanks removed). 
This change was implemented shortly after the start-up of the plant in 1984 to deal with a significant 
increase in water volume and pluggage issues not addressed with the original plant design. A shallow 
trench was also installed to join the Effluent Room trench to the Cell Room trench system and utilise the 
Effluent area “pit” as the primary containment and holding area for contaminated liquid and sludge. No 
formal design change was carried out, as this was not considered a safety related system. Connecting the 
Effluent Room trenches to the Cell Room trenches unintentionally introduced additional contaminants into 
the Cell Room trenches and into the “pit”. 

These containment structures were not identified as high-risk areas of the plant, which meant that they did 
not require formal Design Change reviews, were not included in detailed Process Hazard Analysis 
(PHA‟s), nor did they have thorough preventative maintenance plans (PM‟s) in place. 

The TapRooT® report recommended corrective actions to address all six causal factors, which are 
summarised as follows: 

a) There is a need to identify “floors & sumps” as a safety-related system because of the potential leak 
paths. 

b) There is a need to carry out a design-related assessment of credible acute and chronic challenges to the 
containment and then ensure containment surfaces are appropriately designed. 

c) There is a need to implement an effective corrective action program so that problems are routinely 
identified and appropriate corrective action taken. 

d) There is a need to assess the adequacy of groundwater monitoring for early leak detection and implement 
any necessary improvements. 

The TapRooT® report summary document is provided as Attachment A. 
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4. Design improvements 

To address the physical source of the leakage from the UF6 plant, many design improvements were needed 
in the containment structures of the operations. This was primarily focused on the floors, trenches, and 
sumps in the operating areas. 

Before beginning any construction or redesign of the plant, Cameco established a new liquid management 
philosophy and standard. Essentially, the standard states that there is to be no standing liquids on the floor 
at any time. Also, the design should avoid any in-ground structures to the fullest extent possible. This 
philosophy and standard would dictate the redesign of these containment systems in the Port Hope 
Conversion Facility over the next many months. 

In terms of the floors, new coating materials had to be identified or created. Due to the highly corrosive 
nature of the chemicals used in many areas of the plant (ex. hydrofluoric acid), a new coating was 
established after extensive research and testing by Cameco‟s Innovation and Technology Development 
group. Different coating materials were found to be required for different areas of the plant. Also, a 
comprehensive preventive maintenance and inspection plan was developed to regularly inspect and repair 
any deficiencies or cracks in the flooring. 

As part of the new liquid management design, trenches were to be eliminated wherever possible. Where 
trenches were used to convey liquids along the floor to the sumps in the past, this was to be replaced by 
fixed piping, if possible. Flooring was still designed to be properly sloped to the sumps in case of 
emergency, but the new operating philosophy avoided the use of trenches for this purpose in normal 
operations. In the rare case that trenches did remain, a moisture detector was installed inside the trench to 
immediately alert operators in the area that liquids are present on the floor. An investigation and repairs, if 
necessary, could begin immediately. 

All sumps in the plant underwent a major upgrade with the rehabilitation project. The standard for new 
sumps was to minimise their size, use double-walled containment for the structure of the sump, and have 
leak detection in between. Sumps in the operating area were upgraded with this philosophy in mind, and 
alarms were established on the leak detection systems to alert operators immediately in the event of a 
breakthrough of one of the barriers in these sumps. An investigation would begin immediately and repairs, 
if necessary, to regain the triple protection in these sumps. To help accommodate the smaller size of the 
sumps, new catch tanks were installed above ground so that the in-ground sumps were holding only 
minimal amounts of liquids at any time before pumping them out to the catch tanks for further processing. 

In total, a significant amount of capital investment was required to upgrade the entire UF6 operating area to 
these new liquid management standards. In addition to the major capital investment, a very lengthy 
shutdown was needed to complete the redesign. Cameco completed this work in the fall of 2008, and has 
upgraded the floor and containment structures of this operating plant to world-class standards for this type 
of facility. The company is committed to operating the plant safely for people and the environment for 
many years to come. 

5. Underlying management issues and corrective actions 

Following the submission of the corrective actions and subsequent discussions with the Canadian Nuclear 
Safety Commission (CNSC), Cameco determined that additional root causes did exist, which were not 
identified in the six technical causal factors from the TapRooT® report. The six causal factors identified in 
the report resulted in four corrective action recommendations that were addressed in the initial 
management response to the root cause investigation. While these corrective actions were necessary steps 
to address the different technical root causes, Cameco recognised that they were very specific in their 
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purpose and, as such, did not address higher-level systemic and management-based deficiencies. 
Recognising this limitation and taking into account the CNSC‟s comments on the Root Cause Report, 
Cameco completed an additional management review of the root cause report to identify underlying 
management issues that led to this event. 

In this additional management review, Cameco identified four systemic, management-based deficiencies 
that led to the release of process fluids to the subsurface, which are parent causes for the six causal factors. 
In effect, the multiple causes identified in the Root Cause Report are symptomatic of the four systemic, 
management-based deficiencies listed below. These systemic, management-based deficiencies are 
summarised as follows: 

 There is an acceptance of poor operating practices (i.e., lack of a questioning attitude) among all levels 
of organisation at the PHCF. 

 Lack of management oversight for change control and quality of design and construction. 
 Inadequate maintenance and asset management programs. 
 Insufficient management response and follow-up to identified issues. 

To verify that Cameco identified all the systemic, management-based deficiencies that led to the contamination 
incident at the UF6 plant, the six causal factors and 35 technical root causes identified in the TapRooT® 
report were assessed against the four systemic, management-based deficiencies listed above. If any of the 
technical root causes did not arise due to one or more of the four system deficiencies, it would signify that 
additional systemic problems would need to be identified. This exercise revealed that all 35 root causes 
were a result of one or more of the four systemic deficiencies identified above. 

Cameco developed a plan to address these management system deficiencies with an ultimate goal of creating 
a stronger safety culture among all employees at the PHCF and throughout the corporation. Specific actions 
for each of the four deficiencies are described in greater detail in the next section of this report. 

5.1. Acceptance of poor operating practices (i.e., lack of a questioning attitude) 

Cameco acknowledged that a questioning attitude needs to be developed within the organisation, as it is an 
integral characteristic of a thriving safety culture. Past practice allowed the acceptance of poor operating 
practices through lack of a questioning attitude, making production-minded decisions over possible 
environmental concerns, failure to identify deficiencies, poor housekeeping standards (i.e., sludge 
accumulation, floor washings disposed of in unlined trenches) and failure to maintain infrastructure. This 
particular management deficiency was addressed in four main areas discussed below and as part of the 
response to other management deficiencies as well: 

– Documenting new housekeeping and liquid management standards. 
– Improved communications and training sessions. 
– Increased management presence on the floor. 
– Providing appropriate resources for reporting of issues. 

Part of the Rehabilitation Plan for the UF6 plant included the development of new standards for 
housekeeping and liquid management. Housekeeping standards must now be documented and audited 
regularly. Appropriate standards also must be developed and communicated for acceptable practices on 
managing liquids in the plant. Essentially, a standard was developed for the plant to ensure no standing 
liquids are tolerated on the floor of the plant, including any trenches or sumps. Liquids must be transferred 
only through contained pipes and stored in above ground vessels to the fullest extent possible. 

Improved communication and training are essential parts of changing culture and implementing new 
standards. Cameco clearly communicated the necessity to change its safety culture in Port Hope through 
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direct messages from the president and CEO of the company, as well as regular messages from the general 
manager of the site and other members of the senior management team. Regular “town hall” communication 
sessions were established to ensure effective communication with employees during the transition to a world-
class safety culture. Other channels and regular communication sessions were initiated to help stress the 
consistent message of “Renewing Our Focus” on safety, environment, safety culture and excellence. 

Increased oversight from management on the floor was also recognised as a key component of raising plant 
standards and routine operating practices. This includes more visible presence of supervisors, managers, 
and safety, environment and radiation officers to help in communicating and enforcing the new standards. 
A formal and structured program was ultimately developed to schedule time for key personnel to visit all 
areas of the site and document/report the findings. 

It is also necessary to provide appropriate tools for raising concerns. To do this, Cameco rolled out CIRS 
(Cameco Incident Reporting System), a corporate-wide dynamic event/action tracking and response 
system, to all employees. This system allows all employees to enter an event (i.e. incident, near-miss, 
environmental or safety concern or condition) into the system using a web-based portal. The initial entry 
screens contain drop-down fields and text entry blocks to allow the user to choose the type of concern or 
condition (i.e. audit, environmental, safety, radiation), classify whether it is a near-miss or actual event, 
and provide the basic information (i.e. location, date and time, description of the issue and initial actions 
taken). Once the individual reporting the condition saves and progresses it, a CIRS record is created and is 
assigned to the appropriate process owner (i.e. audit, environment, safety, radiation) who will review the 
record and begin to progress it along a predetermined workflow of deliverables (i.e. verification and 
acceptance, investigation) involving appropriate site personnel. The CIRS system tracks responses to 
concerns and this is leading to increased accountability throughout the site. 

5.2. Management oversight of change control and quality control of design/construction 

One of management deficiencies identified was insufficient management oversight of the design, 
construction and modifications of the UF6 plant. This is evidenced by the erosion of defence-in-depth in 
the liquid management system due to inadequate design and construction of liquid management system in 
the process area, insufficient attention to the operation of the liquid management system, and insufficient 
scrutiny of subsequent design change due to a failure to adopt a “safety significant” approach to quality. 

A key example of this is the change in construction of the Cell Room trenches from its original design of a 
monolithic pour of concrete. Instead, the floor was cast in two sections: first the floor, then the walls. This 
change in construction approach from the early 1980‟s likely led to small openings in the concrete floor 
and, ultimately, a leak path for contaminated liquid into the ground below. 

These issues were addressed primarily through improvements to the change control practices in the plant 
and the introduction of a systematic project management system called Stage-Gate. 

Cameco‟s current Design Change form contains two sections that address risk to health, safety and the 
environment: (1) Safety Related Systems; and (2) Design Change Severity Rating. An excerpt from the 
Design Change Form is set out below: 

Figure 1. Excerpt from design change form version 3.1 
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Cameco‟s Project Management and Design Change Control Procedure (CQP-113) was updated to establish 
a process to require an assessment of all changes with respect to environment and health and safety 
impacts. The consequence and likelihood of the change causing a potential consequence are assessed and 
result in a Design Change Risk Severity (DCRS) number. The DCRS is between 1 (lowest)  5 (highest) 
and the number is an indication of “safety significance”. The higher the number, the more significant the 
risk. Any number between 4 to 5 requires that the Design Change Review Committee reviews the project 
in detail. Furthermore, regardless of the risk number, the committee must review all “safety related” 
changes. Liquid Management Systems are now considered part of the safety related “Emission Control 
Systems” and must involve the full Design Change Review Committee. 

The other aspect of this management deficiency was in project management and control. To address this, 
Cameco introduced a new project management system called “Stage-Gate”. The program works by breaking 
up a project into distinctive stages with a “gate” between each “stage”. These gates serve as quality control 
checkpoints where a group of managers assesses the progress of the project according to a prescribed set of 
criteria. If the criteria are not satisfied, in their view, the project will not be allowed to continue. 

Stage-Gate Process Diagram 

 

The Stage-Gate process reduces the likelihood of an oversight in the analysis of design change risk in 3 ways: 
1. Each of the first four stages specifies that either a project risk assessment be done at that stage or that 

an earlier risk assessment be updated. 

2. The criteria used to evaluate the projects at each gate contain a section called “regulatory”, which poses 
specific questions that must be answered to the satisfaction of all the managers present. 

3. Depending on the nature of the project, these same criteria are used to evaluate the project two to four 
times, which reduces the chance of an oversight. 

5.3. Inadequate maintenance and asset management programs 

The Root Cause Report highlighted that Cameco focused maintenance efforts heavily on the high-risk 
areas/processes within the Port Hope Conversion Facility, but had minimal provisions in place to manage 
ageing infrastructure and equipment in other areas of the site. While maintaining the existing standards for 
these high risk systems, Cameco needs to assess and address deficiencies in maintenance and asset 
management programs by developing a systematic approach for determining maintenance and inspection 
requirements for lower risk systems and infrastructure. 

Cameco committed to beginning this process by reviewing risk assessment methodology that is used by 
other similar industries to determine best practices. Following the review and selection of a methodology, 
Cameco will conduct a detailed risk assessment of the processes, equipment and infrastructure used at the 
PHCF. This will ultimately lead to a program to manage all assets in the facility, including infrastructure, 
equipment and process, and the risks associated with these assets. This would then provide a systematic 
framework on which to base an asset management program. This program would be used to ensure that 
appropriate maintenance and inspection practices are in place and consistent at the PHCF. 

In parallel with this evaluation process, Cameco recognised the significance of the infrastructure that led to 
this event (floors, trenches, and sumps) and now considers this part of the high risk and safety critical 
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systems. This obviously leads to more detailed assessment and maintenance plans in these areas. In 
addition, long-term capital planning is taking place with added emphasis on asset management and ageing 
infrastructure needs. 

5.4. Insufficient management response and follow-up to identified issues 

The Root Cause Report highlighted issues raised by employees that had not been adequately addressed by 
management. Cameco had not consistently recognised issues or their significance and thus failed to respond 
to the underlying cause(s) of the problems. The need for a more structured and documented management 
feedback/review process was identified and will continue to develop to meet the standards used in the nuclear 
industry. Increased management presence on the floor and improved communication are other key 
components to address this, which was described as part of the “poor operating practices” deficiency. 

As referenced previously, Cameco rolled out CIRS, a corporate-wide, dynamic, event/action tracking 
system to address this issue. The CIRS system is configured to direct the record to the personnel required 
to act (via email notification) and it maintains an electronic log of this progression, including the users who 
were assigned to the document, during which stage, for how long and whether it is currently past due. 
Further, CIRS has an “Alerts” function with the capability of notifying the assignee‟s supervisor if the 
action is past due, and if it remains past due the system can notify the supervisor‟s supervisor. 

Each site document becomes part of a growing corporate-wide archive that is available for trend analysis, use 
of experience and continual improvement across the entire company. The fields in CIRS are designed to 
collect all relevant information regarding an incident, occurrence, non-conformance, corrective action, near 
miss, audit, inspection etc. This information can be sorted and viewed using tools such as Crystal Reports® 
and used for statistical analysis, trending and management review. These fields can also be monitored by 
another feature of the software that “looks” for identified words (e.g. groundwater) or conditions (e.g. 
significance level „III‟) and can perform a predetermined act (e.g. send an email to key personnel). 

CIRS also facilitates an operating experience (i.e. OPEX) program by using the alerts feature of the CIRS 
software, the capabilities of the reporting software and the ability to view events across the corporation. 
Additionally, through the corrective action module, incidents from other operations may be inputted into 
CIRS to facilitate use of experience and apply similar lessons learned. 

6. Results 

The results of implementing the many different improvements described in this report have been extremely 
positive and visible at the Port Hope Conversion Facility since the initial incident. The actions are aimed at 
changing attitudes and the overall culture to a truly questioning attitude at all times and with all employees. 
Changing culture takes time, and this will continue to be a long journey and transition for the Port Hope 
Conversion Facility. However, the short-term benefits of starting this journey are clear and obvious in the 
results in all areas of the operations. Some examples of this include: 

 Dramatic increase in reporting of near-miss events or hazardous conditions 
Near-Miss / Event reporting by all employees at a rate of ~16 entries per employee per year compared to 
~1.5 entries per employee per year in 2007 (based on first half of 2009 performance and approximately 
3000 total entries for the site in Q1 & Q2 2009). 

 Dramatic reduction in number of work-related injuries 
Total Recordable Incident (TRI) rate – (# of Lost Time Injuries and Medical Aids per 100 employees per 
year) reduced by approximately 65% from 6.2 in 2006 to 2.2 in 2009 (based on first half of 2009 
performance). 
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 Dramatic reduction in number of environmental incidents 
# of Reportable Events reduced by approximately 75% from 8 in 2006 to an annualised rate of 2 in 2009 
(based on first half of 2009 performance). 

 Improved employee communication and employee engagement scores 

 Significantly improved housekeeping in all areas of the plant 

Cameco also recognised the need to apply the same standards and improvements made in the UF6 plant to the 
other processing area of the facility that produces uranium dioxide (UO2). The liquid management criteria and 
new housekeeping standards were applied during an extended shutdown in this plant in Q4 2008. This 
required significant capital investment to upgrade the floors and sumps in this area to the same new standards 
developed for the facility, and was done proactively by the company to prevent a similar situation from 
occurring again. This improvement helps secure the safe and environmentally sound operation of the UO2 
plant and all production areas of the facility for many years to come. 

7. Conclusions 

There are many lessons to be learned from the contamination incident at Cameco‟s Port Hope Conversion 
Facility discovered in 2007. This incident has been evaluated in terms of technical causes, management 
systems, and programs to sustain the improvements. 

In terms of the technical causes, it is critically important for all facilities to recognise the safety significance of 
floors, trenches and sumps due to the potential leak path they present. This may seem obvious in hindsight, but 
is not inherent in many hazard review approaches that begin with a process flow diagram or P&ID (process and 
instrument diagram) to trace the operational steps. Floors and building structures are often not represented on 
these diagrams, but play a critical role in a site‟s safety systems. 

In terms of management systems, it is critically important to recognise the importance and value of a site‟s 
overall safety culture. One key aspect to a positive safety culture includes encouraging and empowering all 
employees to have a questioning attitude and willingness to challenge the status quo. This requires 
appropriate tools to allow all employees to have their voices be heard as well as a method to track 
corrective actions and provide feedback on those concerns. 

Once the technical issues and management systems have been addressed, another very real challenge lies in 
sustaining the improvements. The success in sustaining the gains relies on a culture of accountability. All 
employees must have clear expectations and responsibilities, and must be held accountable for maintaining 
those high standards. This is true at all levels of the organisation, and starts with the communication of clear 
expectations. Cameco adopted a program called “Operational Excellence” to sustain the improvements made 
following this particular incident. The Operational Excellence program highlights all the significant 
initiatives and priorities in the strategic plan for the site and clearly defines who is accountable for delivering 
a very specific outcome for each item. The plan can be broken down into a much more detailed plan and 
schedule with individual accountabilities for each line item, as needed. On a regular basis, it is reviewed by 
senior management to track the ongoing status (red, yellow, or green) of each line item and identify where 
additional attention or resources are required. This is just one example of an effective tool to emphasis what 
is important at a site and drive accountability to all levels of the organisation. 

The contamination that was discovered on 13 July 2007 started the Port Hope Conversion Facility along 
the path to a world class safety culture, but it is a long and challenging journey with many improvements 
yet to be made. The many lessons to be learned from this incident are creating very positive changes for 
the site. The lessons are being reviewed across Cameco and hopefully can be applied to the benefit of 
others across the industry as well. 
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EVALUATION OF AGEING OF FUEL FABRICATION FACILITY ON GNF-J 

Hirofumi Makiguchi 
Global Nuclear Fuel - Japan Co., Ltd., Japan 

1. Introduction 

In Japan, fuel fabricators are obligated to conduct technical evaluation of ageing of fuel fabrication 
facilities and to establish a ten years scheme executing facilities maintenance (hereinafter referred to as the 
“Long Term Maintenance Program”) based on the technical evaluation of ageing in accordance with the 
Japanese Law “Rules on Fabrication of Nuclear Fuel Materials”. 

In response to the Law, Japanese regulatory body, Nuclear and industrial Safety Agency (hereinafter 
referred to as the “NISA”) directed fabricators and reprocessor to report about evaluation of ageing by 
publishing the bylaw “About the report on ageing provision for fuel fabrication facilities and fuel 
reprocessing facilities”, on December 2003. 

And also NISA issued two bylaws for guidelines of the evaluation such as “About fundamental concept on 
ageing provision for fuel fabrication facilities and fuel reprocessing facilities” and “About establishment of 
guide on evaluation of ageing provision for fuel fabrication facilities and fuel reprocessing facilities”, both 
published on May 2008. 

GNF-J submitted the final report with evaluation of ageing of fuel facilities and Long Term Maintenance 
Program to NISA on January 2009. NISA and its advisory committee reviews of the report have been 
completed by July 2009. 

2. Implementation of organisation structure and procedure for evaluation of ageing 

Global Nuclear Fuel Japan (hereinafter referred to as the “GNF-J”) builds, maintains, and improves quality 
assurance system in order to assure safety during design, construction, and operation of fuel fabrication 
facilities. 

In evaluation of ageing of GNF-J fuel fabrication facilities, assigned leader who is charge of facilities 
licensing affairs recognises requirements regarding to the evaluation from NISA and communicates to each 
manager who maintains facilities, equipments, and buildings. Each manager conducts the evaluation of 
ageing of their own facilities etc. The results of the evaluation are deliberated in the internal Safety 
Committee after reviewing by assigned section. 

Above Implementation of organisation structure and procedure are defined by internal documents in the 
GNF-J Quality Assurance Plan. 

In addition, some evaluations requiring special skills for tests and/or inspections are ordered to appropriate 
vendors in accordance with internal documents. 

3. Method of evaluation of ageing 

Evaluation of Ageing was performed as method shown in Figure1. 



NEA/CSNI/R(2010)4 
 

266 

Figure1. Flow for method of evaluation 
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4. Selecting facilities, buildings and structures to be evaluated 

Following facilities was selected as intended facilities and structure for ageing evaluation: 

(1) Facilities, which handle amount of unsealed uranium (over 5kgs). Therefore analytical equipments in 
laboratory are excluded. 

(2) Facilities such as blower and duct that confine unsealed uranium into restricted area. 
(3) Facilities, which possess criticality function. 
(4) Facilities, which possess fire and explosion protection function. 
(5) Facilities for emergency such as emergency gas turbine generator. 
(6) Buildings, which involves above facilities. 

5. Categorising, grouping facilities and selecting representative facilities 

After selecting intended facilities, buildings and structure, all their facilities are divided into eleven 
categories considering purpose of use and safety function of them. Furthermore each category is divided 
into several groups considering structure, environment, and material. Finally thirty-seven representative 
facilities are selected from each grouped facilities from a point of view of ageing. 

6. Evaluation of ageing 

6.1. Overall evaluation of ageing degradations 

First of all, ageing degradations in fuel fabrication facilities are selected as flow diagram shown figure 2 in 
order to cover all ageing event and screen intended ageing degradation. 

Figure 2. Flow diagram of ageing degradations intended in fabrication plant 
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6.3. Evaluation of ageing degradations and maintaining safety function 

Each component part of representative facilities is evaluated on ageing degradations based on knowledge 
of facilities operation and usage, measurement data of testing, and literature data and evaluation. 

And also maintaining safety function of facilities is evaluated whether decreasing of safety function occurs 
or not due to degradation of component part during postulated ten years operation. In this evaluation it is 
considered that safety function is maintained if replacement and repair is conducted at current 
maintenance. 

6.4. Evaluation of seismic safety 

Each buildings, structures, and facilities is designed as Category 1 through 3 in accordance with its degree 
of importance. Structural object of facilities, their foundation bolts, and building/structure are intended for 
evaluation of seismic safety. 

In this evaluation, structural, object of facilities and building/structure are evaluated by selecting ageing 
degradations on each facilities and building/structure in considering materials and circumstances. On the 
other hand, foundation bolts are evaluated as common item for all facilities. Criteria for this evaluation are 
that intensity of material at the design is maintained. 

6.5. Additional maintenance 

As the results of evaluation, additional maintenance to be added to current maintenance is planned as Long 
Term Maintenance Program in case of inadequate detection of ageing or necessity of quantitative 
measurement in postulated ten years operation. 

7. Long term maintenance program on GNF-J 

Long Term Maintenance Program on GNF-J is shown in Table 1. 

This program might be revised in accordance with updated operational experience and results of additional 
test etc. 

Table 1. Long term maintenance program on GNF-J 

                  Fiscal year   
Additional 
maintenance items  

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Intensity test of foundation bolts  
▽ 

C/W 
2007 

▽ 
Shearing 

test 
  ▽     ▽ 

Intensity test of building 
concrete ▽    ▽     ▽ 

Thickness measurement of 
dissolver tank by NDT 

▽ 
C/W 
2005 

▽Considering liquid level of 
the tank and NOX in the pipe 

▽ 
     ▽ 

Chromium analysis in liquid of 
dissolver tank ▽ ▽ ▽ ▽ ▽ ▽ ▽ ▽ ▽ ▽ 

High-voltage insulation test 
(leak current test) of outdoor 
high-voltage cable  

▽    ▽     ▽ 
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AGEING MANAGEMENT OF TOKAI REPROCESSING PLANT 

Takafumi Nakano, Masatoshi Inano, Atsushi Aoshima 
Tokai Reprocessing Development Center 

Nuclear Fuel Cycle Engineering Laboratories 
Japan Atomic Energy Agency, Japan 

Tokai Reprocessing Plant (TRP) in JAEA has been operated around 30 years and more than 1000 tons of spent 
fuel has been reprocessed. To obtain a prospect of safety operation of TRP next ten years, we evaluated ageing 
degradation phenomena of structural object and equipment in TRP. Based on the results of evaluation, a 
prospect to continue safety and stable operation of TRP next ten years was confirmed. 

1. Introduction 

TRP was designed introducing French SGN technology in 1970s and constructed by the domestic 
companies. Figure 1 is the exterior view of TRP. Operation of TRP was started in 1981 and total amount of 
reprocessed spent fuel is more than 1,000 tHM in around 30 years. 

In order to keep safety operation in the future, it is necessary to evaluate whether the safety feature could 
be affected by ageing degradation. On the other hand, the evaluation of ageing management became a legal 
claim in 2003 for reprocessing facilities. 

Therefore, we carried out technical evaluation of ageing management to maintain structural object and 
equipment in TRP considering the effects of ageing degradation phenomena from 2004 to 2005. 

Figure 1. Tokai reprocessing plant 

 

2. Outline of TRP 

Figure 2 shows the process, structural object, and equipment in TRP. Spent nuclear fuels, which were 
transferred from Japanese nuclear power plants contains residual uranium, plutonium and fission products. 
Uranium and plutonium are extracted and purified by PUREX method, and plutonim is co-converted to 
MOX by Microwave Heating Method. Fission products are vitrified by Liquid Fed Ceramic Melting 
Method. Totally 1,140t of spent fuels, [110t of ATR(Fugen), 650t of BWR and 380t of PWR)] had been 
reprocessed in TRP until the end of March 2006. (Figure 3). 

During TRP operation, we had encountered corrosion problems in dissolvers and evaporators. In the case 
of the dissolvers, we have developed a remote inspection and repairing system (Figure 4) in a hot cell [2]. 
On the other hand, Pu solution evaporator was renewed and high active liquid evaporator switched to the 
spare one. We also have accumulated corrosion data and maintenance information in TRP. 
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Figure 2. Process and equipments of TRP 

 

Figure 3. Spent fuels reprocessed in TRP 
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Figure 4. Remote maintenance system for dissolver 
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3. Evaluation procedure 

The evaluation was carried out based on the flow sheet shown in Figure 5. 

Figure 5. Flow of ageing management technical evaluation 
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3.1. Grouping and selection of representative apparatus 

The apparatuses/components, which were necessary to keep process safety, were nominated as Important 
Safety Related Facilities. The first step of the evaluation for each facility was to group together what kind 
of function, material and environment it has. Then, the facilities were grouped together as structural 
objects, towers, vessels, ventilation, cooling system, emergency power supply and so on. The 
apparatuses/components used under the most severe conditions were selected from each group as 
representative ones. 

3.2. Extraction of ageing degradation phenomena 

The representated apparatuses/components were divided into several parts by function what the part has. 
We selected essential ones to maintain the safety feature of the apparatus, except for consumables and 
periodically replaceable parts. 

Then, the material and environmental conditions were identified for essential one. 

3.3. Evaluate progress of ageing degradation phenomena 

Progresses of ageing degradation phenomena were evaluated based on published technological knowledge 
and/or data accumulated in TRP. The phenomena, that will influence safety future next ten years, were 
extracted as the focused ageing degradation. 

3.4. Review of maintenance plan 

Maintenances, corresponding to the focused ageing degradation phenomena, were extracted among the 
current conventional maintenances. The effectiveness of these maintenances for ageing degradation 
phenomena was evaluated. If the current maintenance had been insufficient, additional one was planned. 

4. Result of evaluation 

4.1. Grouping and selection of representative apparatus 

Structural objects and apparatuses necessary for safety feature were evaluated. They were grouped together 
by function, material and environment of the equipment as shown the table 1. Among them, we selected 
the representative apparatuses/components, which are exposed to the most severe condition (the highest 
temperature, the highest acidity, the longest using time and so on). 

Table 1. Grouping 

Category,group Representative apparatuses/component 
Structural objects Buildings, cells, structural steelworks 

Towers and vessels Dissolver, evaporator 

Ventilating installation Blower, HEPA filter, duct 

Cooling water equipment Cooling tower, heat exchanger, pump, pipe 

Pneumatic plant Compressor, air tank, pipe 

Emergency power supply equipment Diesel generator, switchboard, cable 

Instrumentation equipment Level gauge, pressure gauge 

Other equipment Discharge pipeline for aqueous radioactive waste 
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4.2. Extracted ageing degradation phenomena 

Corrosion, fatigue and wear-out of metallic materials, salt damage and carbonation of concrete, insulation 
decrease of electric parts were extracted as the ageing degradation phenomena, which might occurred or 
could not be neglected possibilities of occurring, as shown in Figure 6. Corrosion of metal was judged as 
the focused ageing degradation of interest. 

Figure 6. Extracted major ageing degradation phenomena in TRP 

 

4.3. Evaluate the progress of the ageing degradation phenomena 

When the equipments had been used in the similar environment as the conventional chemical plant, the 
possibility of occurrence and progress rate of the aging degradation phenomena were evaluated based on 
the general data. 

On the other hand, when the equipment has been used in the specified environment, which should be 
considered nuclear materials, these were evaluated based on the data obtained at TRP. The examples are 
shown below; 

(1) Corrosion of heating apparatus 

Periodic ultrasonic thickness measurements have been executed to dissolver and plutonium solution 
evaporator. Corrosion rates of these apparatus were estimated by using these data. 

The corrosion rate of the dissolver made of austenitic stainless steel was 4E-4mm/hour in heat transfer 
surface as shown in Figure 7, and the corrosion rate of plutonium solution evaporator made of Ti alloy was 
less than 1.5E-5mm/hour in vapour zone as shown in Figure 8. 
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Figure 7. Corroded thickness of stainless steel 
measured in heat transfer surface of dissolver 

Figure 8. Corrosion rate of Ti alloy measured in 
vapor zone of plutonium solution evaporator 
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(2) Corrosion of vessel 

The progress of corrosion was evaluated using sampling data from vessels. The quantity of corrosion was 
estimated from amount of major elements of stainless steel dissolved in the solution. The corrosion rate 
was calculated by dividing the quantity of corrosion at the storing period of the solution. The corrosion rate 
was 1E-7mm/hour, which was lower than the case of dissolver because temperature was around 40˚C. 

Lifetimes of these apparatuses were estimated using the obtained corrosion rate. It was confirmed that 
these apparatuses have enough longevity as shown in Table 2. 

Table2. Longevity of apparatuses in TRP 

 Material 
Handling 

fluid 

Period from use 

beginning 

(accumulation 

time) 

Corrosion 

margin 

Corrosion 

rate 

(mm/hour) 

The remainder of 

longevity 

Dissolver 

R10 
SUS310Nb 

(URANUS65) 

HNO3 (3mol/l) 

105˚C 

32years 

( 7,300huors) 
5mm 4E-4 

60 years R11 
SUS310Nb 

(URANUS65) 

HNO3 (3mol/l) 

105˚C 

32years 

(10,000huors) 
5mm 4E-4 

R12 
SUS310Nb 

(NAR310Nb) 

HNO3 (3mol/l) 

105˚C 

25years 

( 9,000huors) 
5mm 1E-4 

High active 

liquid 

evaporator 

SUS310Nb 

(URANUS65) 

HNO3 (3mol/l) 

105˚C 

14years 

(17,000huors) 
5mm 4E-5 40 years 

Pu evaporator 
Ti, 

Ti-5Ta 

HNO3 (0.4mol/l) 

110˚C 

20years 

(25,000huors) 
1mm 1.5E-5 25 years 

Pu storage 
tank 

SUS304 
HNO3 (5mol/l) 

40˚C 
32years 1mm 1E-7 

1000 years 

or more 

4.4. Review of maintenance plan 

Table 3 shows the maintenances corresponding to each ageing degradation phenomenon. It was confirmed 
that the integrity of apparatuses is secured by these maintenances. However, several maintenances to 
acquire the data necessary to improve prediction accuracy were added to maintenance plan. 
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Table 3. Maintenance plan of TRP 

 Ageing degradation 

phenomenon 

Content of maintenance 

(※added maintenance) 

Interval of 

maintenance 

Ferroconcrete 

structures 

Salt damage, carbonation 

of concrete 

Check of externals Annual 

※Schmidt hammer test 10 years 

Dissolver Corrosion UT thickness measurement 2 years 

Pu solution 

evaporator 
Corrosion UT thickness measurement 5 years 

Pu storage tank Corrosion 
※Measurement of density of  

element of stainless steels in 

solution 

10 years 

Blower 
Fatigue, wear-out of 

metallic material 
 Measurement of vibration Annual 

Compressor 
Fatigue, wear-out of 

metallic material 
Overhaul 3 years 

Pump 
Fatigue, wear-out of 

metallic material 
Measurement of vibration Annual 

Diesel 

generator 

Fatigue, wear-out of 

metallic material 
Overhaul 3 years 

Cable 
Decrease in insulation 

resistance of electric were 

Insulation resistance 

measurement 
Annual 

5. Conclusion 

The following conclusions were obtained by the technical evaluation of ageing management. 

 It was confirmed that towers and vessels in the hot cell have enough longevity from the result of the 
thickness measurement. Reliability will be improved by continuing the thickness measurement still in 
the future. 

 Other equipment, it was confirmed that the function is maintained by continuing current maintenances. 

A prospect to continue safety and stable operation of TRP next ten years was confirmed through these 
evaluations. 
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AREVA NC LA HAGUE SITE: NUCLEAR SAFETY REVIEW - UP3 RECYCLING FACILITY 

Pierre Mathieu 
AREVA NC Recycling Business Unit, France 

The UP3 used fuel treatment facility of the La Hague site is composed of workshops successively 
commissioned between 1986 and 2002 to accept and treat used fuel, recover U and Pu, package waste and 
return shipments of nuclear material and conditioned residues. 

For AREVA, the objective of the nuclear safety review of this plant is to ensure the durability of the 
industrial tool while maintaining nuclear safety. The review also aims at improving operational safety at 
the plant, as well as its environmental impact and industrial performance. 

Under France‟s 2006 nuclear transparency and safety act, or “TSN” act, nuclear facility operators are 
required to perform ten-yearly nuclear safety reviews, to carry out an up-to-date safety assessment, and 
formally prepare and launch a plan for improvements. 

To achieve this, the French nuclear safety authority (ASN) first requested to examine an approach file in 
which the operator ranks the topics to be covered and its method and organisation. On the basis of this 
dialog, the operator then produces: 
 A compliance report based on the necessary checks performed in situ. 
 A safety reassessment including experience feedback and the best internal and external practices. 

The UP3 nuclear safety review – one of the first prepared by AREVA NC – was conducted in 2008-2009 
within this industrial and legal framework. 

1. Operator’s objective: to ensure the durability of the industrial tool 

Industrial companies are constantly concerned about the service life of industrial facilities. This depends on 
several parameters, such as ageing and obsolescence, safety levels and the economic situation. 

In the case of UP3, which contains numerous facilities, the problem is not to achieve a particular service 
life for any specific sub-assembly based on theory design estimations, but to manage current and future 
margins by anticipation. 

The main subjects of interest for this forecast management appear below. 
Subject Risk Objective 

Sising   
Maintenance  Technical failure  
Changes   
Operating methods   
Training Loss of know-how  
Operating feedback   
Technologies Obsolescence  
Supplies and components    
Market needs   Durability of the industrial tool 
R&D 
Anticipating resources 

Lack of capacity or performance  

Regulatory monitoring   
Formalised documentation Gaps in organisation and methods  
Sustainability process   
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We see that the recurring concerns of the operator relating to the durability of the tool are similar to those 
that prompt the ASN to recommend the BNIs undergo ten-yearly nuclear safety reviews. 

2. Changes at the UP3 BNI (1989-2009) 

When it was first licensed in 1981, UP3‟s authorised domain was limited to used LWR fuel with an 
average burn-up of about 33 GWd/t and an average initial enrichment of about 3.5%. 

The facilities were commissioned as follows: 

 UP3 in 1990 (BNI 116). 
 DE EDS in 1995 (interim storage of hulls and end-pieces). 
 EEVSE in 1996 (interim storage of canisters of vitrified fission products). 
 ACC in 2001 (hull and end-pieces compacting facilities). 
 ECC in 2002 (storage of compacted canisters of hulls and end-pieces). 

In 2003, the operating license was altered to widen this domain: 

 Range of used fuels for treatment extended to include high burn-up LWR fuel, MOX fuel from LWRs 
or FBRs, and MTR fuel. 

 Sources of materials for recycling extended. 
 Water intake/release limits redrafted. 

Processes also underwent numerous changes, to allow or optimise the treatment of: 

 Used MTR and BWR fuel. 
 Non-irradiated MOX materials. 

Each of these changes had been preceded by a revision of the General Operating Rules and a permit issued 
by the ASN in response to dedicated nuclear safety reports. For the nuclear safety review, the operator 
combined all of these documents and produced a revised nuclear safety report.  

It is in this context that the first UP3 nuclear safety review took place in compliance with the 2006 TSN Act. 

3. Nuclear safety review: method 

The nuclear safety review was performed in two stages, starting with a compliance review, followed by a 
nuclear safety reassessment. 

3.1. The compliance review 

This began by taking a snapshot of the BNI, including an in situ inspection schedule, the inspection files, the 
equipments used for the ageing analysis program and the data used to characterise potential ageing. 

The review to ensure compliance and facility ageing control was then performed, with in situ inspections 
and the identification of deviations from the applicable nuclear safety references. 

The broad scope of the compliance review meant that all of the important topics in terms of the facility‟s 
condition were examined, including those of only limited nuclear safety impact. 

BNI 116 was designed to distinguish between “nuclear safety” functions, the loss of which can 
compromise radioactivity containment or protection against radiation, and “essential nuclear safety” 
functions, the loss of which can have unacceptable consequences. 

The topics to be addressed were therefore ranked so as to inspect every room containing accessible 
“essential nuclear safety” equipment, and a sample selection of rooms containing inaccessible “essential 
nuclear safety” and “nuclear safety” equipment. 
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3.2. The nuclear safety reassessment 

The aim was then to ascertain the nuclear safety level of the installation over the next 10 years (including 
the planned changes) and over recent years, allowing for: 

 Feedback from happened events on the site and internationally. 
 Changes in the installation‟s environment. 
 Regulatory developments. 
 Changes in know–how and the technical rules applicable to similar facilities. 

A report into how well requests made after the last nuclear safety review were acknowledged was also 
taken into consideration. 

The conclusions of the nuclear safety review were then collected in a summary report presenting an 
appraisal report and improvement action plan. 

4. Compliance review report 

Around 500 rooms were inspected (10% of the entire BNI), including 70 at the shearing-dissolution 
facility, 42 at the plutonium facility, 14 in D ponds, 69 at the vitrification facility, etc. 

Following these inspections, it was concluded that all safety functions were properly available: the few 
(< 20) non-compliances and included in the action plan. 

The ageing control inspections were divided into three parts, focusing on civil works, I&C and electronics, 
and equipment. 

During compliance inspections, any disorder in civil works brought to light are used to supplement the 
condition diagnosis and subsequent action plan. Attention is focused on locating any cracks, corrosion, 
deformation, disorder from operating events (e.g. modifications, reagent leaks) or wear. The inspection revealed 
the BNI‟s overall condition to be good, the only weakness being corrosion in reagent rooms. 

Electronic components are often only on sale for around ten years, and can therefore quickly become 
obsolete. The approach at La Hague has therefore been to develop its own sustainability system, in 
association with other industrial groups. This involves preserving repair and appraisal skills and adopting 
suitable skills management methods. 

The level of control over equipment ageing was examined by taking a sample selection of essential nuclear 
safety equipment and identifyng any damaged mechanisms. An action plan could then be developed 
according to the identified control level. 

For example, equipment with essential nuclear safety functions for containment is retained provided it: 

 Contains beta-gamma activity greater than 3.7 × 1014 Bq, or 200g of Pu. 
 Is a drip-tray situated beneath equipment retained as per the above criteria. 

Certain functions, although not classed as “essential nuclear safety”, were also retained given their 
importance for operation, notably: 

 The main UP3 stack, the release ducts between the last HEPA filtration level and the stack, and actual 
HEPA filters of the last filtration level. 

 The site‟s fire extinguisher system and pump station. 
 The process ventilation devices. 
 The high-reliability handling cranes. 
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The ageing control action plan is part of the permanent approach to monitor equipment ageing in each 
facility. 

For some time now, the durability approach at La Hague has been aiming to prevent the disappearance of 
resources and maintain or improve the facility‟s performance over the long-term. 

The multi-year plan is based on: 

 Managing and anticipating feared events. 
 Giving responsibilities to employees in charge of taking the necessary technical action (facility 

managers, process managers, etc.). 

As part of the actions taken following the nuclear safety review, another approach has been added to 
monitor the ageing of equipment and civil works. 

5. Nuclear safety review report 

A nuclear safety review reference base was established, including reports on operating and monitoring at 
La Hague, as well as experience feedback from facilities on and off the site, regulatory developments and 
changes to nuclear safety analysis methods. 

The nuclear safety review involved analysing the impact of this review reference base on all risks, and 
verifying the suitability of the principles of depth–in–defense. 

The main points examined are given below. 

5.1. Risk of spillage and external exposure 

Ever since it was commissioned, the site‟s objective set at the design stage (i.e. zero or near zero 
employees with an annual dose greater than 5 mSv) has been met. Furthermore, the risk of radioactive 
material spillage has also been kept under control. Feedback from events has been taken into account, 
especially for the THORP unit. Exposure impacts have also been recalculated according to current dose 
factors. 

5.2. Handling risks 

The method of allowing for handling risks was revised and the following modifications made: 

 Allowance for all handling equipment, including those of 5 kN. 
 Allowance for handling risks for systems not involving radioactive material but including essential 

nuclear safety functions (e.g. power supplies, piping). 
 Adoption of deterministic-based methods (i.e. removal of any element that may compromise 

equipment handling, sising of targets to withstand load drops). 
 Calculation of environmental health effects, given the revised dose factors. 

This method was used to validate the existing provisions or adapt them where necessary (with revised 
operating instructions). 

5.3. Fire risks 

The availability of ventilation filters with better high-temperature performance, combined with improved 
knowledge of fires in confined spaces, led to the modification of certain data in the fire safety analyses. 

Furthermore, the publication of the order dated December 31, 1999 (2006 revision) led to a complete 
reassessment of fire safety at the BNI. In the design approach, focus was placed on the fire load density of 
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rooms. Now, in accordance with more recent approaches, fire risks are also assessed in terms of ignition 
sources and potential flammability (combustibility, quantity of products, potential presence of concentrated 
fire loads and fast-fuels). 

The absence of fire detection devices must also be justified from now on. 

Environmental consequences are assessed from the source term, which is estimated allowing for the 
limitation measures used (provided their effectiveness is proven throughout their use in case of fire). 

The operator must apply the approach to demonstrate that its resources guarantee impact levels within the 
thresholds, i.e.: 

 Public protection threshold in case of emergency. 
 Irreversible effects threshold for chemicals. 
 Irreversible effects threshold for heat. 

The adopted working methodology is based on systematic inspections of every room (5000 for BNI 116) 
by fire specialists, in order to: 

 Validate source data. 
 Assess the level of risk control for plausible fires. 
 Issue recommendations if necessary. 

Every room is given a fire risk classification based on its potential radiological or toxic impact and 
sensitivity to fire outbreak. This can be used to determine whether an in-depth study or simple qualitative 
check is necessary. 

This classification, based on theoretical data collected in the reference base, is amended or corrected in 
light of the systematic visit assessing actual conditions in the field. 

Corrective actions are planned, to adjust fire loads (remove waste,…), add detection points, or potentially 
restore compartmentalisation. 

This approach began in 2008 and will end in mid-2010. It should be noted that few fire non-compliances 
have been identified. 

5.4. Earthquake risks 

The earthquake risks of the entire BNI (about twenty facilities, each comprising several blocks) were 
reassessed. 

The main conclusions are as follows: 

 Allowance for the fixed value of the concrete module (currently recommended) has only little 
influence on the value of the building‟s fundamental frequency. 

 Structural modifications of buildings are generally of little importance, and do not jeopardise the 
behavior of the whole. 

 The sising methods used do not always offer the same precision level as current methods. However, 
this does not jeopardise the quality of the results. 

 Furthermore, a comparison of RFS 2001 and DSN 79 spectra is favorable, as this greatly reduces the 
general stresses of buildings. 
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5.5. Flood risks 

The La Hague site is located by the sea, on top of a hill 180 meters above sea level, and with a tightly-
meshed drain network. The footprint of BNI 116 is around 85 hectares, on a single-sloped basin. 

There is therefore no risk of flooding by sea or rivers. However, the detailed risks analysis relating to run-
off water was obsolete. 

The external flood risk review allowed for exceptionally high rainfall on BNI 116 (100 years). 
The study is being finalised and, if necessary, will result in a suitable action plan. 

5.6. Climate risks 

The aim of the climate conditions review was to assess the stability and behavior of the BNI 116 facilities 
under extreme wind and snow conditions, using updated data, particularly for wind. 

The buildings concerned feature structural steelwork and stacks. 

The main stages of the process included an inventory of buildings, for which the design „extreme‟ wind 
speed was lower than the actual wind speed observed on the site, and design checks of the structures 
concerned. A safety impact analysis will be carried out for any under-performing structures, and 
reinforcements proposed if necessary. 

The main conclusions applicable to the first two facilities examined are as follows: 

 Stresses and deformations remain within regulatory limits, except where exceeded on certain 
secondary structures. 

 Justifying the D pond building (a big steelwork hall) required finer modeling, ultimately producing 
significant margins. 

5.7. Analysis of accident situations 

It should be noted that, in the safety case for the La Hague BNI, the accident situation analysis was used to 
provide a final check that sising was correct. 

The method for analysing accident situations was reviewed to: 

 Favor a deterministic approach and determine ways to prevent accident situations. 
 Establish an impact calculation allowing for realistic accident situations leading to radiological 

consequences exceeding 1 mSv. 

In stage 1, of the analysis, early warning events were listed and analysed in the safety analysis reports of 
those facilities featuring “nuclear safety functions” and “essential nuclear safety functions”. 

A reminder of these two notions, as used in the safety case of BNI 116, is given below. 

A nuclear safety function of the plant UP3 is one whose loss can compromise radioactivity containment or 
protection against radiation. 

Nuclear safety functions are divided into four groups: 

 Containment functions: radioactive liquids, radioactive gases and aerosols, solids, chemical reagents. 

 Structural functions: buildings, equipment support structures, fixed shielding against external 
radiation. 
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 Auxiliary functions: 
 Temperature control. 
 Radioactive material transfer. 
 Maintenance and operation. 
 Lifting and handling. 
 Additional mobile shielding. 
 Supply (power and fluids). 
 Building ventilation. 

 Control functions used to control the facility. 

An “essential nuclear safety” function is one whose loss or degradation can cause unacceptable 
radiological consequences for the environment. 

In stage 2, measures were determined to prevent, monitor and limit the consequences of every identified 
risk. These measures were designed to reduce the residual impact to a level as low as reasonably possible. 

In stage 3, the overall health consequences were presented for all reference groups and at the perimeter of 
the site. 

In stage 4, a fault-tree was developed for every release with non-negligible consequences, to assess and 
improve the accident‟s probability of occurrence and residual impact. 

In stage 5, the correct sising of the facilities with respect to the safety principles was checked. 

Accident situations are rated according to probability - for those with a probability greater than 10-7 per 
year, prevention/limitation measures are determined so that all residual risks are kept as low as possible. 
For any impact greater than 1 mSv, an ALARA-type improvement approach is initiated to reduce the 
consequences, while maintaining realistic installation sising. 

Accident situations whose probability is not estimated (corrosion, criticality, explosion, earthquake, 
extreme weather conditions) are analysed in a deterministic manner. 

The accident situation analyses therefore ascertained that the measures taken ensure that the required 
nuclear safety levels are met, with allowance for the new fuels and materials treated at UP3. 

The use of a joint method to calculate impacts also enabled a homogeneous reference base to be created for 
the entire UP3 facility. 

Finally, the accident situation review was also used to check that the on-site emergency plan was properly 
proportioned. 

6. Conclusion 

Feedback from the aforementioned nuclear safety review of the UP3 BNI confirmed that this approach is 
useful both as a milestone and as a work phase in the service life of the installation. 

As a milestone, it periodically allows the operator to update the safety case. As a work phase, it helps to 
motivate teams in charge of medium-term programs for the durability of the tool and ageing/obsolescence 
control. 

These objectives are in step with those of the ASN, which monitors that nuclear safety levels at the facility 
are maintained and if possible improved. 

This day, the periodic safety review report of UP3 BNI is ready to be transmitted to the Authorities. 
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AGEING MANAGEMENT IN FUEL CYCLE FACILITIES 

Andrew B. Buchan, Sellafield Ltd., United Kingdom 
Martin F. Dobson, Sellafield Ltd., United Kingdom 

1. Background 

The re-processing of nuclear fuel has taken place at a number of facilities worldwide for over half a 
century, early activities took place initially to underpin programmes related to weapons production and 
then to support civilian nuclear power. This was a time of intense development activity and technical 
innovation and the need for clean up and remediation was not identified as an immediate priority. As 
reprocessing activities became more commercialised, focus was moved to improved operability, 
throughput, dose minimisation and operational safety. Today however, as the focus of activities shifts from 
operations to hazard reduction and decommissioning, the age of the assets presents many challenges. It is 
crucial that adequate rigour is put into understanding the degradation mechanisms we associate with ageing 
so that robust risk assessments can be performed to underpin appropriate asset management plans. 

2. Definition of ageing management 

These are some useful definitions on ageing management and life cycle management which are provided 
within IAEA guidance documents (Ref 1). 

Ageing management 

Engineering, operations and maintenance actions to control within acceptable limits the ageing 
degradation of structures, systems and components. 

Examples of engineering actions include design, qualification and failure analysis. 

Examples of operations actions include surveillance, carrying out operating procedures within specified 
limits and performing environmental measurement. 

Life management (or lifetime management) is the integration of ageing management with economic planning: 

(1) To optimise the operation, maintenance and service life of structures, systems and components. 

(2) To maintain an acceptable level of performance and safety. 

(3) To maximise the return on investment over the service life of the facility. 

Whilst these are useful definitions they bring out two high level thoughts: 

 Ageing management is more than just “fixing stuff” as it gets old. 

 Lifetime management needs to be integrated with economic planning. 

The converse of these points is that lifetime management issues need to be included as a key component of 
economic planning. Unfortunately this required integration, historically has not been fully effective. 
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3. Issues associated with ageing plant: refurbishment example 

Many legacy plants were designed against very tight programme constraints with limited consideration of 
post operational clean out and decommissioning and many have now reached the end of their design 
lifetimes. The development of integrated reprocessing and waste management complexes means that these 
facilities are often located in close proximity to operational facilities or other legacy plants. This can lead 
to significant constraints upon the engineering design and safety justification for the required post 
operational clean out and remediation activities. 

The first Magnox pond was built and commissioned in 1959 at the Sellafield site for the receipt, storage and 
decanning of irradiated Magnox fuel. In 1974 the Magnox reprocessing plant underwent a lengthy 
reprocessing shut down which led to the fuel being stored under water in the pond for abnormally long 
periods of time. This resulted in excessive corrosion of fuel cladding and fuel, giving rise to formation of 
sludge, comprising corrosion products, within the ponds. The presence of sludge in the pond led to poor 
underwater visibility and deteriorating radiological conditions throughout the plant. 

In 1986 pond purging and sludge exports were diverted from the original settling tank to the new purpose built 
settling tanks, which in turn exported sludge and pond water to the Site Ion Exchange Plant (SIXEP). 

Following a gradual reduction in decanning operations, bulk receipt of fuel from Magnox Stations ended in 
1986 when the new Fuel Handling Plant (FHP) became operational. However some fuel was received from 
Calder Hall up to 1994. Between 1959 and 1986 over 25,000 tonnes of fuel were successfully processed 
through the facility, including Pile/BEPO fuel. Decanning operations ceased in 1988. The building is 
showing varying degrees of ageing effects. Concerns raised in 2000 over the structural condition of the 
plant, following a periodic safety review, led to all retrieval operations being suspended, including 
operation of the skip handler. As a result, the plant was placed under a control and surveillance regime, 
whilst the retrievals/decommissioning strategies were reviewed. 

The first Magnox pond still contains significant volumes of historical waste including fuel, sludge and 
intermediate level (beta/gamma) waste. The retrieval operations will present significant issues in terms of 
risk management. 

As part of the skip handler reinstatement work, a Gantry Refurbishment System has been installed 
providing a working platform allowing steel work and crane rails to be inspected and refurbished. A skip 
of fuel has been transferred from the pond to the Fuel Handling Plant and successfully reprocessed through 
the chemical separation plants to demonstrate the potential availability of this as a treatment route for fuel 
in this condition. Another trial involving export of a container of pond sludge for in-drum encapsulation in 
WEP has taken place to demonstrate the technical viability of a sludge encapsulation process. The 
construction of the retrieved sludge holding tanks is underway. Emergency pumping systems have been 
installed to enable any leakage from redundant high risk pipework to be returned to the main pond. 
Progress has also been made in the isolation strategies for these high risk lines that will significantly reduce 
the risk of gross leakage from the pond (Ref 2). 

4. Issues associated with ageing plant: prompt decommissioning example 

Calder Hall, the worlds‟ first commercial scale nuclear power plant was built and commissioned between 
1953 and 1959 finally ceasing generation at the end of March 2003. The station comprised four gas cooled 
Magnox type reactors each consisting of a graphite core enclosed in a cylindrical steel pressure vessel 
surrounded by a concrete biological shield. When operating the reactors were cooled using carbon dioxide. 
Each reactor had four heat exchangers (or boilers), located outside the biological shield, which supplied 
steam to drive the turbines. 
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There were two turbine halls, each containing four 30 MW capacity steam turbine generating units, which 
were cooled by four cooling towers. In addition, there were a number of ancillary buildings on the site that 
were required to support the station during operations such as administration and welfare buildings, a 
chemistry laboratory, workshops and stores. The reactors were built adjacent to the Windscale site (now 
Sellafield) and were used to produce weapons material, electricity for supply to the power grid and steam 
for process use in the adjacent reprocessing site facilities. 

Once Calder Hall had shut down the decision was taken to remove as many of the redundant structures as 
possible, including the four 88m high concrete cooling towers that had serviced the four reactor facilities. 
The ageing management process identified that there was significant risk of collapse from high wind loads 
resulting from corrosion of the rebar within key structural load paths and it was determined that the most 
cost effective mitigating action was demolition as opposed to repair. 

Following extensive research it was decided that explosive demolition was the safest and most cost 
effective method to use to bring the structures down (Ref 3). 

This method, involving the placement of explosives in approximately 60% of the circumference of the shell and 
legs, was tried and tested and had been used on nearly 200 similar structures in the UK. However, the location 
of the towers on the Sellafield site introduced additional and complex challenges. 

The main nuclear fuel handling plant was located within 45 metres of the towers and it was crucial that the 
operational areas of the Sellafield site could continue their activities with little disruption. 

During 2005 to 2007 work was undertaken to prepare the 4 cooling towers for demolition. This was a 
priority since their condition does degrade with time and expensive maintenance would be required to keep 
them in safe condition in the long term. The work included: 

• The removal and disposal of the internal materials (4 miles of cement piping, 1000 tonnes of timber and 
24,000 cubic metres of plastic packing). 

• Demolition of the water distribution bridges between each pair of towers. 
• Drilling of the towers to receive explosive charges. 
• Preparation of the plant and land in the vicinity of the towers for the demolition. 

In parallel with this the safety case and implementation plan were developed for the demolition to 
demonstrate the safety of the process, taking account of the proximity of the towers to the Calder reactor 
buildings and other plant on the Sellafield site. 

The safety case had to consider detailed technical issues related to: 

 Dust generation and spread. 
 Debris spread and collapse mechanisms. 
 Air overpressure, noise and projectiles. 
 Ground vibration from explosives and falling rubble. 
 Use of explosives on-site. 

Both local to the reactor facilities and across the wider Sellafield site. 

On 29 September 2007, after nearly 3 years of preparation work, the towers were safely demolished, 
marking a major step in the decommissioning of the Sellafield site and changing the West Cumbrian 
skyline forever. This example illustrates the issues associated with decommissioning of facilities on a 
compact site, with operational and waste storage facilities in close proximity to plants undergoing both 
construction modification and decommissioning. 
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5. Asset management requirements for ageing assets 

The remediation of the above plants or any on the Sellafield site is a challenging problem, it is not as simple 
as starting at the oldest plant first and working through, many of the infrastructure and support systems need 
to be refurbished to allow the highest hazard facilities to be tackled. New waste treatment and storage plants 
built to accommodate the wastes from legacy facilities. The following aspects need to be considered: 

 Complex inter-linked site. 
 Different risk profile and ageing effects. 
 Strategies for linking plant and waste streams. 
 Legacy Plants need waste treatment and storage facilities. 
 Ageing infrastructure. 
 Budget constraints. 
 Inspection strategies are often hampered due to access constraints in a radiological environment. 
 Contingency strategies for key risks such as delayed waste disposal routes. 

In addition, the aggressive marine coastal location of the site presents a significant challenge to exposed 
structural materials especially steel work. A good example of this is a waste storage building that uses the 
thermal buoyancy of the stored material to induce natural ventilation to maintain store temperatures within 
tolerable limits. The aggressive (warm moist chloride rich) atmosphere presents significant degradation 
problems on important steel components within the store. This presents a significant challenge given the 
extremely limited access to carry out asset care activities. The solution adopted in this instance was to place 
coupons (replica material samples) within the store that can be withdrawn for periodic inspection and testing. 

A Site Asset Management review was launched at Sellafield in mid 2008. One of the key areas of uncertainty 
identified was that the remaining life and key risks arising from the assets did not adequately inform the 
strategy for the site - the current strategy assumed that the majority of the assets will continue to perform as 
required for their full lifetime. However given the age and condition of some of the assets, this cannot be 
assumed with the necessary degree of confidence and some asset replacement or other contingent measures 
will have to be taken into account. 

The concerns were: 

Asset importance. Upstream and downstream plant dependencies are not captured in the asset management 
plans. Assets are not categorised relative to their importance to achieving the site mission. 
Ageing and asset timelines. Ageing mechanisms and life limiting features are not fully defined for all the key 
assets. Obsolescence issues associated with CE&I equipment is a growing problem and is not managed 
strategically across the site. Asset management plans do not address full lifetime phases of the assets. 
Condition and performance. Asset condition and performance is not fully understood and documented 
particularly for assets not directly addressed by safety cases. 
Risk Assessment. There is a lack of visibility of risks arising from the assets. The risk assessment process is 
generally applied to individual projects and assets, not necessarily to the site mission. 
Prioritisation. Processes are applied within operating units and not at the site mission level and are 
inconsistently applied across the organisation. Funding shortfalls and emergent work often displace work 
planned in the asset management plans. 
Asset care management. Asset management plans are not well defined and not related to any auditable risk 
assessment process. Agreement of asset management plans by key - operations, design and maintenance – 
groups is patchy across the site. Asset registers are not up to date. 
Organisation. Key groups (operations, maintenance and design) are not consistently „bought into‟ asset 
management plans across the organisation. There is a lack of clarity on authority, responsibility and lines 
of delegation. There is a shortage of resources with the necessary skills, knowledge and experience to 
identify and deliver the asset care workload. 
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6. Asset management improvement programmes 

The aim of the site asset management review was to: 

 To identify any gaps and shortcomings in the site‟s asset management arrangements against the 
lifetime plan. 

 To identify what changes are necessary to the asset management regime to achieve alignment with the 
strategy for the site and BSI Publicly Available Specification for asset management PAS 55. 

 To make recommendations for a forward plan to implement improvements and realise the benefits. 
 Maintain the site‟s physical assets in a safe and fit for purpose condition for their full lifetime in all 

phases from construction through to decommissioning. 
 Identify risks arising from the assets and address those that are considered unacceptable to 

Sellafield Ltd. and its stakeholders. 
 Meet and address stakeholder expectations. 
 Inform the site‟s lifetime plan of the asset investments required to deliver the baseline requirement. 
 Maintain the assets so that they do not compromise the overall site mission by matching their 

capability with the demand placed upon them from the lifetime plan. 
 Inform the overall site strategy of the safe and economical life expectancy to facilitate site strategic 

contingency planning through the identification and monitoring of degradation mechanisms and 
plant ageing. 

 Provide an information management system to help control the risks and facilitate effective asset 
care and maintenance delivery. 

 Minimise lifetime costs. 

A set of Asset Management Principles have been developed through a Joint working group consisting 
Sellafield Ltd, Nuclear Decommissioning Authority, Nuclear Installations Inspectorate and Environment 
Agency. The principles have been shared with other Site Licence Companies at an NDA asset management 
workshop held February 2009, and it is intended that they will form the generic underpinning to improved 
asset management regimes for all Nuclear Site Licence Companies. 

7. Other ageing related issues 

It would be possible to stop our considerations here – world wide there is a significant challenge to 
maintain our physical nuclear assets in terms of plant and infrastructure. However, there are a number of 
different effects of ageing we have to consider which are also key: 

• People. 
• Processes. 
• Priority. 

7.1. People 

The nuclear sector has a significant issue with an ageing population of expertise, this has been 
characterised by a number of studies. The specialist and relatively secure nature of work has allowed 
specialists to have long and satisfying careers, however this had lead to relatively small numbers of 
extremely capable technical staff who are very difficult to replace. The scientific and technical base has 
been diminished over a number of years with fewer new entrants being attracted to the nuclear sector. Now 
against a resurgent nuclear power generation sector, nuclear clean up will have to compete for scarce skills 
in nuclear science and engineering. 



NEA/CSNI/R(2010)4 
 

310 

The skills needed in both engineering and science have been diminishing over the last 20 years. In the 
United Kingdom, very simply, more people are leaving the nuclear sector than joining. 

Each remediation project will require a significant team of engineering and technical resource to ensure 
successful development and delivery. These teams need to be assembled, retained and developed to ensure 
that the necessary skills can be delivered at the appropriate times. This will involve working with in house 
and supply chain resources. Skills and expertise will also need to be strengthened and maintained within 
the regulatory bodies. These requirements are set against a background of increased demand for a 
shrinking scientific and engineering skills base in the UK. 

7.2. Processes 

Many of the plants have inventories which have been generated over a long operational lifetime and the 
maintenance of records, including the level of detail, may not meet the modern requirements for safety 
assessment and waste management. There are a number of uncertainties which this variability can 
introduce and these can be compounded by the passage of time. 

Aspect Uncertainty Confidence building measures 
Inventory: what waste materials are present 

confidence in knowledge decreases with age 
minimise by 
characterisation/investigation 

Condition 
 

fuels may corrode to sludge, sludge may solidify, 
degree of certainty in form/properties can decrease 

minimise by expert judgement 
/representative sampling and analysis 

Variability 
 

bulk components in sludge may damage 
equipment, may be outside scope of recipient 
plants capabilities 

minimise by logbook reviews previous 
foreman interviews, contingency plans, 
diverse tooling 

In order to develop robust waste retrieval strategies there needs to be clarity over the requirements for wastes 
which will be processed for interim storage or final disposal. Whilst there can be an inherent variability in the 
form of the materials to be recovered, this can be reduced by extensive characterisation studies and any 
remaining variability can be accommodated as a technical risk within the retrieval and processing strategy. 
Uncertainty in waste matrix requirements or an over-riding need to achieve early hazard reduction progress 
could lead to wastes being stored in interim forms which are wastes are not optimal in terms of safety or future 
disposability e.g. in an ungrouted form, requiring further processing at some future date. 

7.3. Priority 

The recent change in the world economic climate now means that funding available for remediation has to 
compete with an overall decreasing level of funding for many socio-economic activities. The challenge to 
ageing facilities will be in drawing out the priorities of what needs to be done, how it will be prioritised and 
funded. 

These projects will require very large expenditure on resources and equipment, in order to deliver safe and 
reliable remediation, over many annual funding cycles. This will require integrated project costs to be 
evaluated to achieve the required end states. Much of the equipment costs will be expended in the early 
phases of the project to upgrade or install new items of plant to allow retrieval of bulk inventory. Much of the 
operational life of this plant will be shorter than conventional process plant, however in order to ensure 
reliable operation in duty and to cope with variability within waste streams, extensive commissioning will 
have to be carried out. In addition much of the equipment will be novel or bespoke, this may shift the 
expenditure profile forward when compared to that of traditional nuclear chemical plant. 
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8. Conclusions 

There are significant challenges in addressing ageing assets in nuclear chemical plants. The challenges 
associated with decommissioning require extensive safety studies to be carried out remediation and 
demolition of some facilities. In other cases facilities which were not designed with eventual Post 
operational clean out and decommissioning in mind may have to undergo extensive modification and 
refurbishment to allow this. However given the age and condition of some of the assets, this cannot be 
carried out with the necessary degree of confidence and some asset replacement or other contingent 
measures will have to be taken into account. New waste treatment and storage plants need to be built to 
accommodate the wastes from legacy facilities. To facilitate this Sellafield Ltd has derived Asset 
Management Objectives and Principles using an Asset Management Standard derived from PAS 55. 
Broader analysis of ageing effects includes not only plant and support infrastructure but also consideration 
of people, process and priority. A programme of work is being launched in the current asset management 
improvement programme to ensure that ageing issues are properly addressed and integrated into the asset 
management plans. Robust ageing management practices will inform a sound understanding of asset 
condition and performance particularly for the critical assets, as an enabler to underpin thorough risk 
assessments. A good risk assessment process based on underpinned knowledge of plant condition is the 
key to the successful lifetime asset management planning that is needed to support all phases of the clean 
up programme for the site. 

9. References 

[1] Glossary of Nuclear Power Plant Ageing, OECD Publishing, ISBN: 9789264073289 OECD 
Code: 661999053E1 . 

[2] Material Degradation and Seismic System Upgrades Required to a Fuel Storage Pond Andrew B. 
Buchan, British Nuclear Group, Sellafield, OECD Fuel Cycle Safety – Past, present and Future, 
Wilmington, North Carolina, USA, (16-18 October 2007). 

[3] www.sellafieldsites.com/what-we-do/featured-projects/calder-hall-cooling-towers-demolition 
 



NEA/CSNI/R(2010)4 
 

312 

 



NEA/CSNI/R(2010)4 
 

313 

AN EXAMPLE OF SAFETY UPGRADE:  
THE REFURBISHMENT OF THE LECA HOT LABORATORY 

B. Autran 
C.E.A, Cadarache, France 

Abstract 
In 1995, CEA decided a strategy for its hot laboratories dedicated to nuclear materials and fuels examinations: 

 Shut down LAMA - Grenoble and LHA - Saclay, after RM2 - Fontenay-aux-Roses. 
 Refurbishing and gathering irradiated material studies in LECI – Saclay. 
 Refurbishing LECA - Cadarache for irradiated fuel examinations. 

Started up in 1964, LECA was licensed up to August 2005. In 2001, safety authorities agreed to extend it up to 2015, 
provided an extensive refurbishment program is undertaken which includes: 

 Civil engineering works to achieve the building earthquake resistance, based on 3D computations and 
withstanding Maximum Historically Likely Earthquake. 

 Improving confinement by decontaminating, adding steel boxes inside cells. 
 Changing ventilation system and creating a mobile upper cell on the cell roof. 
 Changing power supplies, shielded glasses and most manipulators. 
 Upgrading travelling cranes, fire protection system, radioactivity monitoring and alarms. 
 Installing a new device for technological waste characterisation. 
 Decreasing the fissile element mass stored inside the facility (source term). 

Most of the work has been ended in the mid 2006. Afterwards five cells, which do not withstand earthquake, will be 
deconstructed within 4 years. The total refurbishment final cost is about 100 M€. 
This paper present "AN EXAMPLE OF SAFETY UPGRADE: THE REFURBISHMENT OF THE LECA HOT 
LABORATORY". 
Key words: Hot laboratories, refurbishment, facility, hot cells, seismic strengthening, ventilation, nuclear, ageing. 

Introduction 

The LECA-STAR is the French facility for examination of irradiated fuel rods coming from nuclear power 
plants, mainly in the frame of surveillance programmes for the utilities. It is open to foreign fuels and 
international programmes. It also works for the development of innovative fuels for future nuclear systems. 

 
The LECA-STAR is composed of two blocks, the LECA built in 1961, now a completely refurbished 
laboratory, including 12 hot cells, mainly with concrete shielding and five lead-shielded hot cells for 
micro-structural examinations, and STAR, composed of 3 main hot cells built in 1991 including stainless 
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steel liner and the new VERDON facility under construction. Its‟ staff is of about 110 people, including a 
team for the reconditioning of fuel wastes coming from other facilities. 

LECA laboratory has been designed in the sixties to carry out examinations on irradiated fuel elements. 
This facility is a classical hot cell laboratory and was built according to the safety rules prevailing at that 
time. Started up in 1964, LECA has been operated up to now without major safety concern and with a good 
feedback in both scientific and operational fields. However the old design of the facility added to a gradual 
reinforcement of the safety rules led the operator, around 1995, to consider a refurbishment of the LECA. 
Set up in 1997, the project design was submitted to the Safety Authority in 2000. One year later, agreement 
on the project was released together with a license to operate up to 2015 (and possibly later) providing an 
extensive refurbishment is undertaken. It consists of: 
– Civil works to reinforce the building in order to withstand maximum historically probable earthquake. 
– Improvement of confinement by decontaminating, adding stainless steel boxes inside cells. 
– Changing ventilation system and creating a mobile upper-cell on the cell roof. 
– Changing power supplies, shielded glasses and most manipulators. 
– Improving travelling crane. 
– Fire protection. 
– Radioactivity control and alarm monitoring. 
– New system for characterising and evacuating the technological wastes. 
– Decreasing the fissile elements mass stored inside the facility. 
Besides, the deadline for the project achievement was set in 2005. A brief description of the project is 
given with a presentation of its main goals, technical items, safety, strategy and organisation. 

LECA facility description 

The LECA is an alpha, beta, and gamma hot cell laboratory devoted to examination on irradiated fuels. It is 
formed of two main cell lines with a hot surface area of 120 m²: 
– One line of ten cells, made of heavy concrete, is highly shielded against radiation with 1.2 m thick walls, 

top and floor. With a mean surface of 9 m² each, those cells are used for non destructive (eddy current, 
X-ray radiography, profilometry, gamma scanning, etc.), semi-destructive (pin or rod fission gas 
volumetry, tooling, experimental subassembly with pre-irradiated fuel element) and destructive 
examination (cutting, metallography, microprobe, etc). 

– Seven lead cells, mainly for metallographic preparation and structural analysis. 
– In addition to these main lines, the laboratory owns specialised shielded glove boxes to perform fine 

examination such as EPMA, SIMS, X-Ray diffraction, and SEM. 
A 30-ton crane serves the rear zones and cell tops for material/wastes inlet/outlet and shielded cask handling. 

Project objectives 

Regulatory evolutions 

With time, the safety level of any facility is intended to be kept at least as it was at start up. Maintenance 
programs are performed in that purpose but, when getting older, the facility is becoming slightly less reliable 
due to ageing of non-removable components. A more substantial way to outdate the safety level of a facility 
is the increase of regulation requirements with time. These convergent processes of ageing on one hand and 
tightening on the other hand make sooner or later the facility no more able to meet safety requirements. 
Before this moment arises, shut down or renewal has to be considered. 

Regarding the LECA, financial and technical reviews of both possibilities were carried out. A new facility 
was cheaper on its own than a renewal but decontamination, wastes processing and demolition cost of the 
former one made the new facility option by far more expensive. Once the technical feasibility of the LECA 
refurbishment was assessed, particularly in terms of seismic resistance, the refurbishment project was 
decided and launched. 
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Advanced fuel examination 

New research programs are focused mainly on fuel effectiveness (high burn up) and on long life nuclear 
waste reduction. For instance, we forecast to examine within the next future in pile transmutation of minor 
actinides (Np, Am, Cm, …), high Pu (~45%) fuel experiment and high burn up LWR fuels. Such particular 
irradiated fuels need special cares in term of safety, i.e. static confinement; alpha detection, 
decontamination efficiency, wastes characterisation and management, which LECA in its former state 
could not meet. 

Technological improvement, maintenance and productivity 

If the maintenance program was able to maintain the level of safety of the LECA, it must be pointed out 
that it took a longer time every year to perform it and the failure occurrence was high compared to the 
nowadays standard. Repair works became more and more difficult and costly as well as supplying spare 
parts. Such a bad situation could no longer stand in a more competitive environment. 

Strategy, safety and main technical features 

Initial assessment and urgent palliative actions 

The first technical works done of the project were to draw up an extensive inventory of the facility and to 
summarise the experience acquired during the past 30 years of operation. Hence, some immediate actions 
were undertaken insofar as they were safety valuable, cheap and easy to realise. This first step contributed 
to the Safety Authority trust in the project. It mainly had to do with the ventilation monitoring and the 
radiation control devices. 

Project design and agreement for another period of operation 

The initial expertise done, the project was built according to the three objectives described above in four 
main fields: confinement (static, dynamic, heavy handling, radiological), energy and fluids supply 
reliability, fire detection/remediation and seismic strength of the facility. The resulting actions of 
refurbishment to be fulfilled are as follows: 
Confinement: Increase the tightness of the cells assigned to advanced fuels by installing a stainless steel 
liner (box) inside the cells, as well as remote manipulators and shielded glass compliant with a 10-2 Vol/h 
goal. Reduce leakages in the other cells (10-1 Vol/h) and in the building by sealing. 
Ventilation devices: Total replacement of the old system (a sole ventilator for both cells and building) by a 
two separate systems (cell and building) able to sustain an in-cell low pressure even when the building 
ventilation system is stopped. The difficulty originates from the fact that fuel examination research 
activities were on-going during the work. Thus, the ventilation system has to be maintained into operation 
and each step has to be reversible in order to come back quickly (2 -3 hr) to the previous safe state in case 
of malfunctioning. A specific calculation code (SIMEVENT) has been used to forecast the different states. 
Temporary bypasses are used to maintain ventilation while replacing the pipes and other parts. Removal of 
the old parts, sometimes highly contaminated, were done with a specific procedure to allow withdrawal 
without prior internal cleansing. 
Crane: Renewal of the travelling crane by a highly reliable model, designed to withstand earthquake while 
handling the heaviest cask. 
Maintenance experiment improvement: Installation of a lead-shielded, mobile, upper cell (40 tons), allowing safe 
and tight inlet/outlet from any cells (to bring in experimental equipments and to take out waste). 
Utilities supply reliability: Replacement of all electrical wires (power and monitoring) to fireproof grade, 
of the electricity power supply by two geographical separate ways. Automatic monitoring of the starting up 
of ventilation devices following an incidental power cut. 
Monitoring system: Replacement of the computerised monitoring for fire detection, radiological control, 
flooding, electricity supplying, ventilation pressures and flow rate now able to give a detailed description 
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of the facility state from a remote control room and allowing some remote action to put back the facility in 
a safe condition. 
Fire fighting: Creation, throughout the facility and especially in cells, of so-called fire compartments 
designed to sustain a fire and to mitigate its propagation (2 hours) before being brought under control. 
Civil works: The purpose is, for both cells and surrounding building, to withstand a Maximum Historically 
Likely earthquake (a French level before the Safe Shutdown Earthquake). It includes the cell block 
reinforcement and isolation from the building (no contact rather than being shock-resistant).  

Strengthening of the building itself by a great deal of local supports using concrete and steel plates. It has to be 
noticed that this part was a particularly harsh work since the facility was not initially designed for that purpose 
and there is a lot of way to do so among which few are economically bearable. The clue was to isolate, as far as 
possible, the rigid elements of the building (staircase, lift shaft, chimney, some walls) in order to allow the 
building to move at the lowest frequency, thus giving the lowest acceleration as well in our particular context in 
south of France. Unfortunately, the lead cell line could not meet the seismic requirements on an economical 
basis. Therefore, it was decided to clean and to demolish it between mid 2006 and 2010. 

The whole project was presented to the Safety Authority using a new safety analysis report and was 
accepted on the 13 July 2001. 

Works and safety license to engage 

Because of customers needs, decision was taken to fulfil the project objectives without stopping either the 
operation or the experimental programs. That is why the Safety Authority was particularly careful of the 
safety on the renewal project itself. 

The whole project was divided in six phases, each one with its own safety work report and license. Once a 
license was obtained, the works was carried out and, as far as the realisation progresses, operational rules 
were updated. 

Organisation and time schedule 

The project was managed by a dedicated CEA project team (7 persons) in charge of the refurbishment 
itself and of the coordination with the day to day facility operation and the experimental programs. The 
operator keeps the control on the safety management of the facility including the refurbishment work 
safety as well as the experimental programs execution. He also brings a logistic support to the workers 
(clothes, control, wastes, etc.). 

The engineering was carried out by the FRAMATOME-ANP Company (now Areva-NP). 

The refurbishment was achieved in the mid 2007: 
– Wastes monitoring device has successfully conditioned and characterised the waste cans of the facility. 
– The shielded rolling upper cell has been commissioned. 
– The new travelling crane is fully operational. 
– Confinement of 4 stainless steel boxes have been set in cells # 7 to #10. 
– The replacement of all electrical wires (power and monitoring) is realised with up to 2000 km of wires 

of all natures changed. The monitoring system of fire alarm, radiological control, flooding, electricity 
supplying, ventilation pressures and flow rate (partly) has satisfactorily passed the run test and is 
commissioned. 

– Concrete reinforcements for earthquake purpose of the concrete cell basements have been carried out 
including the cells roofs in order to withstand the weight of the mobile upper cell (40 tons). 

– Strengthening of the cell bases for seismic withstanding purpose (reinforced concrete). 
– Fire protection works are almost finished by installation of fire proof glasses, emergency doors, fire 

lock, hole closure and so on. 
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– Cell box completion and the renewal of ventilation with the installation of air conditioning, the cell 
ventilators, then the new monitoring panel commissioning and the replacement of the most active parts 
(cell ventilation), i.e. the primary pipes, the HEPA (High Efficiency) filters. These last stages are the 
most sensitive, from the safety point of view, since ventilation shutdown events are likely as well as 
radiological ones. 

– Ventilation works within the front and rear zones of the cells and the rest of the building (offices). 
– The remaining cell confinement works were difficult (10-2 Vol/h) and the end of the civil works on the 

building was achieved in the mid 2008. 

 
A stainless steel confinement box is inserted inside a LECA hot cell (upper left). 
A new leaded window is put in place (upper right). Civil engineering work to reinforce seismic resistance 
(bottom left). A new mobile hot cell has been constructed on the roofs of the concrete shielded line to 
improve confinement when opening cell roof (bottom right). 

Conclusion 

The LECA refurbishment project has been a tough job: the realisation was done while the laboratory was 
still at work. We performed with success a renewal in such an old facility, that was the main characteristic 
of this project. As expected, the co-existence of both activities (experiments and refurbishment) turned out 
to be a daily challenge but the organisation built now on several years of experience made it a manageable 
process resulting in limited loss of time. The work is not finished, with a continuing focus on two items: 
(1) keeping the fissile mass reasonably low by evacuating it regularly and (2) setting actions to improve 
productivity (e.g. putting neutronic shielding in storage wells to improve their capacity and avoid storage 
in examinations cells). 

CEA has now a coherent set of hot laboratories, to perform its programmes on irradiated fuels and 
materials. Fuel studies are concentrated in Cadarache, around LECA-STAR, LEFCA and the future Jules 
Horowitz material testing reactor; irradiated materials are mainly in Saclay with the LECI and its new M 
line. Improvement is going on with new fission gas release facilities to be built in LECA-STAR. These 
laboratories are open to European and international cooperation, such as the HOTLAB FP6 project, the 
ACTINET-I3 in Atalante, or NFIR-EPRI programmes in LECA & LECI, and now the International Source 
Term Programme to be started soon in the VERDON facility in STAR. 

We are now running the LECA in good conditions and with a high safety level, with a licence up to mid-
2015. Afterwards, we are evaluating the need for a new set of civil engineering works to withstand up to a 
safe shutdown earthquake (French SMS). The objective is to increase the lifetime of LECA beyond 2015 
and get the best return on investment from all the money spent by CEA between 2001 and 2007. 
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SESSION THREE 

FCF Ageing: Technical Challenges and R&D 

Illustration of Studies and Research led by IRSN Concerning Ageing Effects in Fuel Cycle Facilities 

Jean-Paul Daubard (IRSN, France) 

Replacement of the Criticality Accident Alarm System in the Tokai Reprocessing Plant 
Yukihisa Sanada, Ichiro Hasegawa and Takumaro Momose (JAEA, Japan); Masato Ishii (Toshiba 
Co. Ltd.,  Japan); Nobuyuiki Kanazawa (JRE Co., Japan); Tatsuya Chikazawa (ID Co., Japan) 
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ILLUSTRATION OF STUDIES AND RESEARCH LED BY IRSN 
CONCERNING AGEING EFFECTS IN FUEL CYCLE FACILITIES 

Coordinator: Jean-Paul Daubard 
Plants, Laboratories, Transports and Waste Safety Division of IRSN 

1. Foreword 

The objective of this paper is not to present in detail the research and studies performed by the IRSN (the 
French Institute of Radioprotection and Nuclear Safety) in the domain of ageing concerning all the Basic 
nuclear installations in France. This paper aims to: 

- Present an overall view of the research and studies led by the IRSN and, particularly, in the domain of 
ageing. 

- Present the process carried out by the IRSN in the domain of Fuel Cycle Facilities (FCFs), to identify 
studies and research necessary to be performed in order to better understand specific safety issues, 
such as ageing effects on safety components. 

- Illustrate that process by the presentation of three specific on-going studies and research led by the 
IRSN concerning ageing effects in FCFs and the available findings. 

2. Presentation of the IRSN activities 

The IRSN was created by the implementation order of 22 February 2002 of the law 2001-398 of 9 May 
2001. The IRSN is a public establishment of an industrial and commercial nature placed under the joint 
authority of the Ministries of the Environment, Health, Industry, Research and Defence. The IRSN field of 
expertise covers all of the risks related to ionising rays used within industry and medicine or even natural 
radiation rays. More precisely, the IRSN carries out missions relating to analysis and research in the 
following fields: 

- The safety of nuclear installations, including those relating to defence. 
- The safety of the transport of radioactive and fissile materials. 
- The protection of people and the environment against ionising rays. 
- The protection and control of nuclear materials and products likely to be used in the manufacture of 

weapons. 
- The protection of installations and transport against acts of malevolence. 

To carry out all the above-mentioned missions, the IRSN (around 1 700 employees) is composed of several 
departments devoted to the safety and radiation protection assessment as well as departments specialised in 
research and studies covering all the specific safety and radiation protection domains (radioactive materials 
containment, radiation protection, sub-criticality control, fire and explosion protection, earthquake 
protection, electrical power supply and I&C, human factors, emergency management…). 

One of the main missions of the IRSN is to provide technical support to the National Authorities and in 
particular to the National Safety Authority (ASN) regarding nuclear safety and radiation protection. In the 
field of the safety of nuclear installations, the IRSN is particularly in charge of reviewing the safety cases 
transmitted by the licensees of “Basic Nuclear Installation” (BNI) for each major step of the lifecycle of 
these facilities: creation, commissioning, operation and major changes to the facility, periodical safety 
review, final shutdown and dismantling or, in case of a disposal facility, the post closure monitoring phase. 
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Research and studies are necessary to ensure the IRSN missions and, in particular, the assessment of the 
safety of nuclear installations. The research focuses not only  like all research  on acquiring new 
scientific knowledge, but also on developing technical tools required to control risks and help expand the 
Institute's expertise capabilities. In addition to the “basic” research that aims to understand elementary 
mechanisms, “exploratory” research is also performed which fosters continued researcher creativity and 
the emergence of fecund ideas and contributes to the Institute's scientific identity. 

The IRSN research gives priority to the following fields of action: 

- Creation of representative models and of simulation tools for phenomena relating to nuclear and 
radiological risks (earthquakes, floods…). 

- Compilation of scientific data produced by experiments, radiological monitoring of the environment or 
populations and operating feedback, used to validate these models and assess uncertainties over their 
application in real life situations. 

- Development of operational devices for experimentation, measuring, analysis, testing, monitoring or 
intervening in an accident situation. 

- Development of the necessary scientific and technical skills to provide relevant support to the 
expertise role. 

- Improved knowledge required to take into account societal issues relating to risk management and 
specific needs for expertise capability in human and social sciences. 

The IRSN carries out research, studies and experiments in either its own facilities or through national or 
international cooperation and partnership. In particular, the most expensive experimental programs are 
conducted within the framework of consortiums associating IRSN, major licensees (EDF, AREVA, 
CEA…) and major institutions in OECD member states. 

The map below presents the location of the main IRSN activities, and in particular the IRSN installations 
in which experiments and research are performed. Concerning the safety domain, these installations are 
located mainly in the Cadarache, Saclay and Tournemire sites. One of these facilities is described in the 
chapter 4 of this document. 

 

3. Overall view of the research and studies in the domain of the safety of BNIs 

In order to perform its public expertise mission of nuclear and radioactive risks, the IRSN defines and carries 
out studies and research aimed to maintain and develop the knowledge and skills which are necessary to a 
technically credible and independent assessment. These research activities do not have the same objectives as 
those performed by the licensees which aim to design new installations (waste disposal for example) or to 
demonstrate the safety of their installations (justification of the life facility continuation for example). Given 
the available technical and human resources, the IRSN focuses its research and studies activities on limited 
number of subjects considered particularly important for safety. 
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Concerning the safety of nuclear installations, the majority of the studies and research performed by the 
IRSN is initiated in the domain of the nuclear power reactors. Even if the findings of these research and 
studies apply, in first hand, to the assessment of the safety of the reactors, some of them are frequently 
used by the IRSN experts to assess the safety of fuel cycle facilities (civil engineering, corrosion…). 
Indeed, the IRSN organisation is such that the experts in specialised domains (civil engineering, 
containment, fire and explosion risks…) asses both nuclear reactors and fuel cycle facilities; so, they could 
use all the findings available to assess the BNI safety. 

However, besides the activities in the domain of nuclear reactors, the IRSN also conducts several specific 
research projects, studies or experiments in the domain of the fuel cycle facilities. These activities concern, 
in particular, the following domains: criticality risk, fire and explosion risks, the confinement of 
radioactive materials and chemical hazards as well as the waste management (nuclear waste packages and 
disposal facilities notably). 

The research and studies are centred entirely on the current or future needs of the expertise. In this regard, the 
IRSN has implemented specific provisions for the management of research and studies, aiming to: 

- Identify the subjects requiring new or additional knowledge as well as the recurring and unresolved 
questions. These subjects are essentially identified during the safety assessments of facilities, the 
“lessons learned” analysis of these installations as well as the latest scientific technology (thanks to the 
IRSN scientific monitoring unit). In particular, in the framework of the IRSN quality process of safety 
assessment, a document is created at the beginning of each FCF evaluation and is continuously 
updated until the end of this evaluation. In this document, the supervisor of the assessment and the 
corresponding experts indicate the main difficulties of the expertise and, if necessary, the needs of 
R&D (unresolved questions for example). 

- Collect the different needs (for example by the analysis of the above-mentionned documents) and 
select the most important ones. 

- Define the research programs which are managed as specific projects. The objectives, the different 
steps and the technical and human resources are defined in each project. These projects are managed 
in the IRSN medium- and long-term plans (PMLT). 

Overall view of research and studies in the ageing domain 

In France, the safety ageing aspects apply for all BNI (nuclear reactor and fuel cycle facilities) whatever 
their age. In fact, this issue is considered in a continuous way during the lifespan of each BNI, from the 
construction to its dismantling. The TSN law1, issued in June 2006, requires the BNI licensees to perform a 
periodic safety review (PSR) every ten years. According to the ASN requirements, the PSR is composed of 
an examination of the conformity of the facility which aims to ensure that the evolution of the facility due 
to modifications and ageing effects do not compromise the safety requirements. The decision to extend the 
operation life of a facility is examined by the regulator at every PSR. The ageing management is an 
important aspect of this decision. 

Given the importance of the ageing aspects for the safety of nuclear reactors, the IRSN leads most of its 
research concerning these installations. The main set of research themes related to the ageing of NPPs 
concerns mechanical engineering (thermal fatigue, wear phenomenon, alteration by irradiation, different 
corrosion mechanisms …) or civil engineering (concrete creep…) issues. As above-mentioned, the findings 
of this research may be also applied to assess the safety of FCFs (evaluation of the corrosion mechanisms of 
tanks and pipes, alteration by irradiation of electrical components (cables…), smoke detectors…). 

                                                      
1. The current law on transparency and safety in the nuclear field is known as the “TSN” Act (Law n° 2006-686). 
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Moreover, the IRSN also conducts some studies and experiments concerning more specifically the ageing 
of FCFs. As above-mentioned, some of these activities are due to a need of better knowledge of ageing 
mechanisms and some are related to the future needs of expertise of new installations. These two aspects 
are illustrated in the following chapters by the presentation of three specific on-going studies and 
experiments led by the IRSN concerning ageing effects in FCFs and the available findings. Two of these 
experiments have been performed in an IRSN facility, the IRMA cell. This installation is described briefly 
in the following chapter. 

4. Presentation of the IRMA cell 

The Saclay site of the IRSN is equipped with a test facility designed for R&D studies on how equipment 
and materials respond to dose and/or dose rate exposure. The facility (known by the acronym IRMA, 
which stands for IRradiation of MAterials) is a cobalt-60 irradiation cell. Its design and activity potential 
make it suitable for use in a wide range of scientific and technical activities. By nature, these concern the 
study of radiation-material interaction mechanisms and, more especially, the response and deterioration of 
materials, components, and systems exposed to gamma radiation. 

4.1. Main characteristics 

The IRMA cobalt-60 irradiation cell has been installed at the Saclay research centre for 35 years. IRMA is 
a classified facility (on the environmental protection list) with a maximum authorised capacity of 
1700 TBq (i.e. approx. 46,000 Ci). It is a test facility intended primarily for research and development 
studies on how equipment and materials respond to dose and/or dose rate exposure. Cobalt-60 gamma 
photons are the reference in this field. 

Irradiation is panoramic and achieved using seven, independent, cylindrical sealed sources (10 mm in 
diameter and varying in length from 200 to 450 mm). When not in use, the sources are stored in a lead cask 
with 0.30 m thick walls to allow safe access inside the cell (uncontaminated environment). With an internal 
volume of 24 m3, it can accommodate a very wide variety of geometric configurations for exposure to gamma 
radiation. Available dose rates range from 5 µGy/h (which is the background radiation in the cell when the 
sources are enclosed in their lead cask) to 25 kGy/h (value obtained 10 cm from a source holder containing 
all seven sources). The resulting doses can be used in experiments representing relatively extreme situations 
(reactor accidents, dose after x years for equipments in hot cell, reprocessing plants, and so on). 

   

4.2. Applications 

The IRMA cell is either used by the IRSN to lead its own experiments and by other customers in the 
nuclear field (AREVA, CEA, EDF…). The IRMA irradiation cell has the following applications: 

- Performing hardening tests on electronic components and systems intended to operate in a radioactive 
environment. 

- Irradiating robotised systems and subsystems. 
- Studies in accident situations (ability to integrate 4.2 MGy in a week). 
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- Checking the performance of biological shielding and protections. 
- Renting out high-level radioactive sources. 
- Performing irradiation tests on new solvents intended for use in the spent fuel reprocessing industry. 
- Characterising radiation detectors for the nuclear, space, and military industries. 
- Calibrating measuring instruments, R&D work in dose and dose-rate measurement, approving 

personal protection equipment and devices. 

Given its characteristics, the IRMA cell is a very useful installation to study the deterioration of 
safety components exposed to gamma radiation, which is one of the most important ageing effect in 
the nuclear installations. Before each irradiation campaign, an experimental program is set up with the 
participation of the experiment teams from the units involved. Dose rates and irradiation times are fixed 
during preparatory meetings after consulting those working on the experiment. A test report is written up 
for each irradiation campaign and sent to the unit concerned. 

5. Influence of irradiation on the efficiency of HEPA filters of the ventilation systems of FCFs 

Authors:  Sébastien Artous, Thibaut Lelandais, Claudine Perrot, Mickaël Raboin, Laurent Roux and 
Laurent Bouilloux : IRSN/DSU/SERAC.2 

5.1. Introduction 

The function of radioactive materials containment is an important function for the safety of nuclear 
facilities. This function of contamination release control is characterised by the establishment of systems 
for containment. These systems usually include containment barriers of static confinement supplemented 
by a dynamic confinement system with air cleaning devices before release into the environment. Air 
cleaning devices include aerosol filters which are essential elements to protect the operators and the 
environment during normal operation or accidental situations. However, filters may be subject to 
significant radiation, either because of their radiological environment, or by the radionuclide retained on 
the filter. To the IRSN knowledge, there is no experimental data on the filtration efficiency of a complete 
HEPA (High Efficiency Particulate Air) filter having previously been subjected to a major source of 
irradiation. Only tests of the filter media and some components of the filter were done after irradiation. 

Given the importance of the HEPA filters for the safety of nuclear installation, the IRSN has decided to 
launch an experiment program to perfect its knowledge concerning the degradation by irradiation of the 
HEPA filters efficiency. The purpose of the tests is, on the one hand to provide information comparing the 
filtration efficiency of HEPA filters with different specifications (HEPA filters for nuclear facilities and 
qualified by French regulations, standard HEPA filters for nuclear installations, HEPA filters out nuclear 
catalogue), and to determine the influence of irradiation on the efficiency of these filters. 

5.2. Description of the tests and available findings 

To answer the above-mentioned objective, the following tests were conducted: 

- Standardised measurement of the filtration efficiency of different filters provided, standardised 
measurement of the efficiency of these filters after irradiation to a gamma dose of 650 kGy at a dose 
rate of 1 kGy/h (specification ASME-G1 and Standard NF M 64 001). 

- Standardised measurement of the efficiency of these filters after an additional irradiation at a dose rate 
of 10 kGy/h for 500 h. 

- Measurement of the mechanical strength of filter media during over-flow stresses. 
                                                      
2. Airborne Pollutants and Containment Study and Research Department in the Plants, Laboratories, Transports and 

Waste Safety Division of IRSN. 
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Four types of HEPA filters were tested. Table 1 presents the characteristics given by the manufacturer and 
figure 1 shows two types of filters. For each reference, two filters were tested. The filters B and D have a 
H14 classification in accordance with the standard NF EN 1822 which guarantees a minimum 
decontamination factor (DF) of 20 000 (aerosol liquid of DEHS). The filters A and C have a minimum DF 
of 5 000, according to French regulations and standard NF X 44-011 (aerosol solid of soda fluorescein). 
Prior to the irradiation tests, the DF of all the filters were determined according to standard NF X 44-011. 
These measurements were realised on the SIMOUN facility at the Saclay IRSN centre, which is an aeraulic 
test bench specially designed for the study of behaviour, in terms of decontamination factor evolution and 
mechanical strength, of filters during the development of thermal stresses. Table 2 presents the results 
obtained; the values of DF are average values from at least three successive tests. 

Table 1. HEPA filters characteristics 

Reference Model Size L × W × D (mm) Nominal air flow (m3/h) Nominal pressure drop (Pa) 
A Polydiedre 3400 

610 × 610 × 292 
3 400 250 

B H14 3 500 270 
C CTHEN  3 400 250 
D H14 610 × 305 × 292 1 400 280 

Figure 1. Two types of filters tested 

 
 

Filter D Filter B 

Table 2. Average decontamination factor prior to the irradiation tests 

Reference Serial number Average DF 
(-) 

Standard deviation 
(-) 

A 043 45 630 1 597 
045 35 247 3 359 

B 096 35 941 1 704 
032 66 730 12 801 

C 012 26 230 1 978 
020 15 766 624 

D 043 72 033 12 817 
023 82 968 21 439 

The two campaigns of irradiation have been conducted on the IRMA cobalt-60 irradiation cell. This 
installation is described in the chapter 4 of this document. Figure 2 shows the geometry chosen to assess 
the dose rate on each filter irradiated and a photo of the filters during irradiation. 

For the first campaign of irradiation, filters were exposed for about 650 h, which led to doses ranging 
between 130 and 850 kGy, depending on the location of the measuring point (dose rate between 200 and 
1 300 Gy/h). The reference filters B suffered, during irradiation, a mechanical stress on the gasket, using a 
metal frame. For the second campaign of irradiation, filters were exposed for about 500 h, which led to 
doses ranging between 130 and 4 750 kGy, depending on the location of the measuring point (dose rate 
between 267 and 9 500 Gy/h). At the date of this document, only one filter for each reference has been 
irradiated. The other four are still under irradiation. 
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Figure 2. Geometry for the dose rate measurement and filters under irradiation 

  

Table 3 presents the results obtained during the two campaigns of irradiation; the values of DF are average 
values from at least three successive tests. 

Table 3. Average decontamination factor after the irradiation tests 

Reference Serial 
number 

Before irradiation First irradiation Second irradiation 

Average DF 
(-) 

Standard 
deviation 

(-) 

Average DF 
(-) 

Standard 
deviation 

(-) 

Average DF 
(-) 

Standard 
deviation 

(-) 

A 043 45 630 1 597 29 768 2 218 26 716 2 745 
045 35 247 3 359 36 904 1 292 SUI* SUI 

B 096 35 941 1 704 76 5 NM** NM 
032 66 730 12 801 230 19 SUI SUI 

C 012 26 230 1 978 23 194 3 221 3 091 99 
020 15 766 624 14 336 2 047 SUI SUI 

D 
043 72 033 12 817 80 117 5 358 114 19 
023 82 968 21 439 83 839 2 934 SUI SUI 

*:still under irradiation at the date of this document 
**: not measurable because of the gasket deterioration 

Figure 3 shows in diagram form with a logarithmic scale the DF average values measured before 
irradiation and after the first and second irradiation campaigns. 

Available findings 

For the first irradiation campaign, the results do not show DF reduction, except for reference B filters. 
These filters were irradiated with an applied mechanical stress on the gasket. Nevertheless, for all filters, 
the observation of the gasket shows a significant decrease of elasticity compared to a new filter. This loss 
of elasticity coupled to a mechanical stress, in the case of filters B, leads to a deterioration of the gasket 
enough to no longer guarantee the sealing of the filter in the housing, causing the DF low values measured 
after the first irradiation campaign. 

For the second irradiation campaign, only the DF of three filters was measured. Indeed, the gasket of 
reference B filter has been completely degraded, which does not permit the mounting of the filter into the 
housing for the DF measurement. The results show that only the filter reference A maintains a high filtration 
efficiency. The other two filters show a significant decrease of the DF, probably due to an alteration of their 
gasket. This different behaviour is attributable to the nature of the gasket used on the different kinds of filters. 
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The irradiation of the four filters is still ongoing and the final interpretation will be made when all results are 
available, studying in particular the nature of the gaskets of the four types of filters. The figure 4 shows the 
gasket degradation of the filter referenced C-012. 

Figure 3. Averaged DF diagram before and 
after irradiation campaigns 

Figure 4. Gasket degradation 
of the filter referenced C-012 
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Prospects 

After the irradiation campaigns described above, a study of the mechanical strength of filter media will be 
undertaken in august and September 2009. This study will be conducted on the STARMANIA facility at 
the IRSN centre in Saclay. STARMANIA is an aeraulic test bench specially designed to study the effects 
of pressure on the behaviour of containment equipment. In this case, the stress of pressure on the filters 
will be obtained by applying an over-flow filtration until reach the breakdown of the filter media. The 
results will be compared to those obtained with a new filter. 

6. Comparison of wet air and water radiolysis effects on oxidised Zircaloy-4 corrosion 

Authors:  C. Guipponi1, N. Millard-Pinard1, N. Bérerd1,2, E. Serris3, M. Pijolat3, V. Wasselin-Trupin4,  
L. Pinard5, L. Roux.4 

1 Université de Lyon, Université Claude Bernard Lyon 1, CNRS UMR 5822, Institut de Physique Nucléaire de Lyon. 
2 Université de Lyon, Université Claude Bernard Lyon 1, IUT A, département chimie. 
3 Ecole Nationale Supérieure des Mines de Saint Etienne, Centre SPIN, CNRS UMR5148. 
4 Institut de Radioprotection et de Sûreté Nucléaire. 
5 Laboratoire des Matériaux Avancés, CNRS UPS2713. 

6.1. Introduction 

The IRSN is in charge of reviewing the LL-HLW geological repository project managed by ANDRA (the 
French National Radioactive Waste Management Agency) in support of the nuclear safety authority (ASN) 
[1]. To support its scientific appraisal of nuclear wastes safety, the IRSN carries out studies and experiments 
in either its own facilities or through international cooperation and partnership. 

Amongst other, the IRSN pays particular attention to the performance of confinement of the nuclear wastes 
packages, to the release of the radionuclides from the wastes and the associated related uncertainties. In 
order to better assess the degradation process of the nuclear wastes packages, IRSN has developed an 
experimental program in collaboration with laboratories from the University of Lyon, the ENSMSE (École 
Nationale Supérieure des Mines de Saint-Étienne) and the CNRS (the French National Centre for Scientific 
Research). In the field of nuclear waste disposal, it is important to study the confinement performance of 
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the nuclear wastes packages. For example, the radionuclides release behaviour from the wastes should be 
considered and this phenomenon should be explained and quantified. 

At the end of the light water reactors operation, the Zircaloy-4 (a zirconium alloy) cladding tubes are 
activated and oxidised. After several treatments, these cladding tubes are compacted, placed into a steel 
container, and then into a concrete over-pack in order to be disposed of in geological repository. These 
wastes contain some fission traces, activation products and actinides. After several hundred years, they will 
be exposed to resaturation water due to water percolation through the concrete pack. The water irradiation 
by electromagnetic and charged particles will induce a phenomenon called radiolysis which may accelerate 
the oxidised Zircaloy corrosion processes. 

The oxidation of Zircaloy-4 has been extensively studied. After a pseudo-parabolic first period, a kinetic 
transition occurs when the thickness of the oxide layer exceeds a threshold value, which corresponds to an 
increase in the oxidation rate associated with the appearance of cracks in the zirconia layer. To understand 
the corrosion processes during the disposal, the effects of water radiolysis on a porous oxide, which 
simulates the zirconia layer formed during reactor operations, have been investigated. Several parameters 
are studied such as irradiations types, irradiation conditions and medium composition (different water 
vapour partial pressures, model solution simulating the clay pore water). The radiolytic species 
concentrations in water depend on irradiations types. So we have chosen to irradiate with charged particles 
and electromagnetic irradiation respectively representative of alpha radiation from actinides and gamma 
radiation from activation products. The characterisation of the oxide layer surface of samples exposed to 
water with or without irradiations gives information on modifications induced by water radiolysis. 

6.2. Description of the experiments 

Samples are 420 μm thick Zircaloy-4 foils. The major alloying element is tin, with a content equal to 1.4 
weigth percent. The samples are oxidised using a thermobalance (Setaram SETSYS) at the ENSMSE. The 
oxidation takes 52 hours in order to reach the kinetic transition and obtain a scale of about 6 µm thick. 
These samples are called “reference”. 

The irradiation experiments are performed using a 1.5 MeV energy proton beam at the 4 MV Van de 
Graaff accelerator of the IPNL. The proton beam is extracted from the beam line vacuum to the sample cell 
due to a 10 micrometer Havar (Co /Fe alloy) window. In the cell, synthetic air containing water vapour at a 
partial pressure fixed by means of a thermo regulated bath circulates at 3.5 L.h-1 [2]. Two water partial 
pressures, 6 and 50 hPa, during 12 hours have been studied. Samples obtained after proton irradiations of 
wet air are called “proton radiolysed”. 

The gamma irradiation experiments are performed at the IRMA cell. The samples are placed into 18 mL 
PYREX tubes filled with a model aqueous solution. This model aqueous solution contains carbonate 
(2.3x10-3 mol.L-1), sodium (3.1x10-2 mol.L-1), calcium (1.2x10-2 mol.L-1) and chloride (2.9x10-2 mol.L-1) 
ions to simulate the resaturated water [3]. The tubes are disposed all around a 60Co source at the same 
distance in order to receive the same dose rate of 3.5 kGy.h-1. The irradiated samples are called “gamma 
radiolysed”. Samples with the same operating conditions but without any protons or gamma irradiation are 
called “blank”. 

For proton irradiation experiments, the same sample is analysed at three different times. Firstly after 
oxidation (reference), secondly after wet air contact (blank) and finally after exposition to radiolysed wet 
air (radiolysis). Nuclear Backscattering Spectrometry (NBS) is used to monitor oxygen concentration. The 
extreme surface is characterised by X-ray Photoelectron Spectroscopy (XPS) and Scanning Electron 
Microscopy (SEM). For the study relative to gamma irradiations, the reference samples, blanks and 
radiolysis state are characterised by the same analysis techniques. 
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6.3. Results 

6.3.1. Water and hydroxyl species behaviour 

The NBS analysis are performed at 172° detection angle and using 7.5 MeV α particles. Figure 1 shows the 
brut spectra obtained after contact between the sample and the wet air or water. The spectrum can be split in 
four components, the oxygen relative signal (between 600 and 2800 keV), the zirconium on the zirconia 
relative signal (between 4700 and 6300 keV), the zirconium substrat relative signal (between 2800 and 3700 
keV) and the zirconium metal/oxide relative signal. We notice that the contact with wet air with or without 
irradiation increase the relative sample oxygen amount but the interface and the zirconium relative signal are 
not modified. We can conclude that no oxide loss nor oxidation occurred during the experiment. The oxygen 
relative signal evolution explication may be due to new oxygen content species on the sample. To identify 
these species, we realised XPS analysis. 

Figure 2a) presents the O 1s signal. In the range 530 – 535 eV, this signal is relative to O2- as ZrO2. After 
contact with wet air, the peak shape is changed and the maximum of the peak is shifted towards a higher 
binding energy. The oxygen seems to be a sum of several contributions. That means that oxygen exists under 
several chemical states at the oxide surface. Centered about 532 eV, this large peak can be O2-, OH- and H2O 
species. After contact with irradiated wet air the relative proportion between the O2- oxide group and the OH-

/H2O groups is changed. From the position of the maximum of the peak, it can be seen that the wet air 
enhance the presence of water molecules on the zirconia surface. 

Figure 2b) is the oxygen relative peak obtained for various gamma irradiations doses. There is no peak 
modification for the experiment at 33 kGy. That suggests that no new species are adsorbed after radiolysis 
experiments. However, at 170 kGy, the signal exhibits at least two peaks, one with the same binding 
energy than O2-, the other corresponding to H2O molecules. 

Figure 1. Comparison of NBS spectra obtained before and after water vapour contact (P = 6 hPa): 
reference, blank, proton radiolysed 
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Figure 2. O(1s) XPS oxygen relative signal obtained a) before and 
after contact with vapour water contact irradiated and no irradiated by protons and 

b) before and after contact with water radiolysed by gamma 

 

6.3.2. Surface tin concentration enhancement  

The detection limit of XPS being only about 1 atomic percent, so the peaks relative to tin are practically 
not observable for the reference samples. After radiolysis experiments, for some conditions an 
enhancement of Sn(3d) peaks (at 487.4 and 496.1 eV) has been noticed. Figure 3a) shows the Sn(3d) 
region for reference, blank and protons radiolysed samples at 6 and 50 hPa. Only for 50 hPa, a surface 
enrichment is clearly evidenced. Figure 3b) shows the results obtained with gamma irradiation experiments 
at 33, 170 and 334 kGy. For each samples, the Sn(3d) can be clearly observed compared to the reference 
spectra. Using the element cross section values according to Scofield [4], the Sn/Zr atomic ratio is found to 
be equal to 0.4 in the proton radiolysis experiment at 50 hPa, instead of 0.01 for ZrO2. In the case of 
gamma irradiation, this ratio is about 0.04. 
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Figure 3. Sn(3d) XPS oxygen relative signal obtained a) before and after contact with vapour water 
contact irradiated and no irradiated by protons and b) before and after contact with water 

radiolysed by gamma 

 

6.4. Discussion 

The wet air proton irradiation experiments show two phenomena occur at the surface of zirconia: water 
adsorption and tin enhancement. As it could be expected, water adsorption is observed after contact with 
wet air. The wet air irradiation seems increase this adsorption. In fact, the relative oxide and water group 
amount are modified. The radiolysis of water molecules near to the surface of zirconia induces the 
formation of radicals which are much more reactive than H2O. The appearance of a large amount of 
adsorbed water molecules is thus a consequence of reactions between the radicals and ZrO2 surface. The 
NBS analysis shows that this surface oxygen enhancement is located not only at the extreme surface but 
also in the cracks of the porous oxide. 

The second phenomenon is tin surface enrichment for both proton and gamma irradiations. As previously 
mentioned we suggest that the radiolysis induces formation of species which interact with the surface to 
form new bounds. According to Pourbaix diagram [5] we suppose that species like 

3HZrO could appear 
and transfer to the gaseous atmosphere or the aqueous solution. The tin surface enrichment could be due to 
the corresponding loss of zirconium. The water adsorption and the tin concentration appear be two 
independent phenomena because the XPS signal of the O(1s) does not systematically change after the 
radiolysis experiments (see figure 2b). 

6.5. Conclusion 

The irradiation of water molecules by proton or gamma near to the surface of oxidised Zircaloy-4 leads two 
phenomena: adsorption enhancement of H2O molecules and tin surface enrichment. The radical species due to 
the radiolysis of water are responsible for these modifications. However, more studies are necessary to precise 
the mechanisms describing the interactions between the radicals and the ZrO2 surface as well as the role of 



3HZrO  and to evaluate the influence on the rate of the release of the radionuclides. 
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Concerning the release of the activation products from the zirconia layer, the impact of the modification 
observed at the surface have to be taken into account in the assessment of the radionuclides release rate 
from the wastes and of the associated related uncertainties. The results of the studies will be used in future 
appraisal of geological repository project and more particularly of the activated nuclear wastes packages 
confinement performance. 
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7. Influence of organic matter, due to contaminated plastics degradation, on radionuclide migration 
in radioactive waste disposal 

Authors: V. Wasselin-Trupin, C. Bégu-Hamel, D. Stammose  IRSN/DSU/SSIAD. 

In demonstrating the suitability of a geological site for the disposal of radioactive waste, it is essential to 
consider the potential mobility of critical radionuclides through the relevant “rock” types. One safety issue is 
the migration behaviour of actinides, identified as important by performance assessment for the long term 
safety, in a reducing clay environment, with special emphasis on the role of the organic matter. In such 
reducing environments, the solubility limit of the radionuclides is considered as the most important 
mechanism to lower the mobile concentration of these radionuclides. Furthermore, the speciation of the 
radionuclides is most likely neutral or negatively charged so a low retardation is expected. However, the 
presence of organic matter may jeopardise the expected low concentration on the one hand by solubility 
enhancement due to complexation/colloid formation and on the other hand by influencing the sorption 
behaviour. Due to interaction with mobile organic matter, the mobility of these radionuclides might be 
increased. Organic matter is coming from the degradation of the contaminated plastic wastes, generated by 
BNI exploitation, which will be disposed of. Over time, the radiolysis and the ageing of the contaminated 
plastics may lead to the formation of complexant species. 

The IRSN is studying this topic (bibliography synthesis). Moreover, IRSN has performed some 
experiments on the effect of the natural organic matter on the migration behaviour of Pu in the trenches on 
the Tchernobyl site. One main result is the enhancement of the migration of Pu due to the presence of 
complexant. This issue is identified by the operator and a scientific program is ongoing. In order to have an 
independent assessment of this issue, IRSN is performing bibliography synthesis. This study enables to 
identify needs of further knowledge. 
 

http://www.irsn.org/document/files/File/Internet/note_information/rapport_2005_argile.pdf
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REPLACEMENT OF THE CRITICALITY ACCIDENT ALARM SYSTEM 
IN THE TOKAI REPROCESSING PLANT 

Yukihisa Sanada 1 

Masato Ishii 2, Ichiro Hasegawa 1, Nobuyuki Kanazawa 3,  
Tatsuya Chikazawa 4 and Takumaro Momose 1 

1 Nuclear Fuel Cycle Engineering Laboratories, Tokai Research and Development Center, Japan Atomic Energy 
Agency, 4-33 Muramatsu Tokai-mura Naka-gun Ibaraki, Japan 

2 Toshiba Co. Ltd., 1 Fuchu-cho Fuchu-shi Tokyo, Japan 
3 Japan Radiation Engineering Co. Ltd., 1-5-20 Sakuragawa-cho Hitachi-shi Ibaraki, Japan 
4 Inspection Development Co. Ltd., 3129-27 Hirahara Tokai-mura Naka-gun Ibaraki, Japan 

A Criticality Accident Alarm System (CAAS) was installed in the 1980s as part of criticality safety 
management at the Tokai Reprocessing Plant (TRP) to reduce the chance of workers being exposed to 
radiation in the rare case of a criticality accident. From a compliance point of view processing at TRP 
cannot take place without the criticality monitoring provided by the CAAS. This paper gives an overview 
of the process of the CAAS being replaced as part of aging management. 

1. Introduction 

The Tokai Reprocessing Plant (TRP) has launched in 1977 as the first pilot plant in Japan with a capacity 
of 0.7 tU/day of spent fuel and has successfully reprocessed 1,140 tU of spent fuel light water reactors 
and some other types of advanced reactors, for example “FUGEN”, up to March 2007. 

A Criticality Accident Alarm System (CAAS) was installed at the TRP in the 1980s as part of criticality 
safety management in reducing the risk of workers being exposed to radiation in the rare case of a 
criticality accident. A CAAS was installed at the main process facility (MP), which plays a crucial role in 
reprocessing spent fuel, and also at the plutonium conversion facility (PCDF). Because a method for use in 
determining where a detectors units (Criticality Accident Detector: CAD) should be installed was yet to 
have been standardised in the 1980s many of the CADs (12 units equipped with 36 detectors) were 
installed at the TRP after evaluating the dose with a simple equation that allowed for a safety margin. 
Eight of the CADs were installed in the PCDF and the other four in the MP. Many standards were then 
published. According to ISO 7753 [1] and ANSI/ANS-8.3 [2], a CAAS must be designed to be capable of 
immediately detecting any minimum accident that could occurs that would be of concern. Examples of 
methods of calculating evaluation doses in criticality accidents are suggested in the appendix of 
ANSI/ANS-8.3. Furthermore, parameters for the calculations are suggested in SRD R309 [3], which also 
provides guidance on the CAD locations used in the UK. In Japan actual guidance CAAS is provide in the 
Nuclear Criticality Safety Handbook [4]. 

From a compliance point of view processing at the TRP cannot take place without the criticality monitoring 
provided by a CAAS. The CAAS currently in use has been operated for 20 years without a false alarm or 
monitoring failure through the virtues of its reliable design and biannual inspections. Recently, the number of 
small failures has started to increase with the CAAS. In addition, some parts can no longer be supplied as 
they have been discontinued, resulting in the decision to replace the CAAS. 
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This paper gives an overview of the process of replacing the CAAS as part of aging management. The new 
CAAS was developed to be of even more reliability through having taken into consideration experience 
gained with maintaining the old CAAS. The optimal places for the detectors to be relocated to were 
determined using a conservative evaluation method. 

2. The old CAAS 

2.1. System 

The old CAAS was developed during 1980s by the JAEA (Power Reactor and Nuclear Fuel Development 
Corporation, PNC at that time) and Toshiba Co., Ltd.. This system is used so detect short pulses of high 
radiation due to criticality accidents as quickly as possible in order to be able to evacuate personnel from the 
critical zone. The CAD, which can detect either gamma-rays or neutron-rays released in criticality accidents, 
consists of three plastic scintillation detectors (gamma) or three solid state detectors with fissile material 
(neutron). When a criticality signal is sent by at least two of detectors in three detectors (2 out of 3 voting 
system), the CAAS generates both audible and visual alarms [5]. 

2.2. Maintenance experience from the old CAAS 

The CAAS management procedure is given in Fig. 1. The CAAS was maintained using biannual 
inspections to prevent any false alarms or cessation of monitoring taking place. Some of the parts were 
periodically replaced in the biannual inspections. However, recently, the number of small failures 
occurring with the CAAS has been increasing. In addition, some of the parts are no longer supplied due to 
production discontinuance. The history of the small failures is given by Fig. 2. Most the failures occurred 
with the neutron detector and alarm generator. The major factors in those failures were a contact failure 
between the parts of an electronic board and the lifespan of consumable parts. Conversely, the gamma 
detector barely broke down at all. The experience gained maintaining the old CAAS was then reflected in 
the design of the new CAAS. 

Figure 1. Block diagram of CAAS management Figure 2. History of small failures 
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2.3. Development of the new CAAS 

A general view of the new CAAS is provided in Fig. 3. The new CAAS incorporates new design for some 
units that had occurred small failures. Some of the improvements are explained below. 

2.3.1. CAD 

A block diagram of the new CAAS is given in Fig. 4. The gamma CAD and the neutron CAD on the old 
CAAS consisted of a plastic scintillation detector and a semi-conductor detector with an enrichment 235U 
target (a fission detector), respectively. The new neutron CAD utilises a plastic scintillation detector with 
a polyethylene moderator and Cd target (a scintillation detector that capture neutron) [6]. The same model 
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of gamma CAD continues to be used. A CAD outputs analog voltage (from 0.5 to 5V) proportional to the 
dose rate. If the dose rate exceeds the threshold value the CAD outputs a warning signal to 2 out of 3 units. 
The alarm trip points of the CADs can be set within the range of 0.5 to 5.0 mGy/h. A CAD shutting down 
for any unexpected reason activates a warning signal. A LED (Light-Emitting Diode) is positioned in such 
a way as to slightly illuminate the plastic scintillator to ensure continuous control of the CAD. The length 
of the cable linking a CAD to the processing unit can be up to 1 km long. 

Figure 3. General view of the new CAAS 

 

Figure 4. Block diagram of the new CAAS 
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2.3.2. Processing unit 

The CAAS utilises a 2 out of 3 voting system in minimising the number of false alarms. When at least two 
of three alarm signals are tripped within a coincidence time of 0.5 s, the alarm output unit generates both 
the audible and visual alarms of emergency lights and evacuation horns, respectively. 

In new CAAS, parts such as the substrate of the integrated circuit in the main components (the detector and 
2 out of 3 voting unit) were redesigned to improve reliability. The new 2 out of 3 unit can process signals 
from the maximum 8 CAD units (24 CADs). The new alarm generator, which had had some small failures 
occur with it in the old system, had its system design changed. The alarm generator can operate the 100 
evacuation horns and 40 emergency lights in the maximum. In addition, software was developed that can 
be used to display the history of data acquisition and the condition of the system. The Mean Time Between 
Failure (MTBF: h) of the CAAS was estimated using the Parts Count Method defined in MIL-HDBK-217 
[7]. The MTBF of the new system is now two times larger than that of the old system as a result of being 
redesigned (Table 1). 

CADs (gamma) Control panel 
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Table 1. Reliability improvement of new CAAS 

Old system New system

Detector 4.7E+04 5.5E+04

2 out of 3 voting unit 3.5E+04 1.2E+05

Alarm generator 4.1E+03 8.6E+03

3.3E+03 6.8E+03System

MTBF (h)

component

 

2.2.3. Qualification tests 

IEC 860 was referenced in the qualification tests of the new CAAS [8]. The energy response of the 
detectors was determined using X, gamma reference radiations (137Cs and 60Co) and neutron reference 
radiation (252Cf fission neutrons) [9]. 

The detector response to pulsed radiations of short duration and high dose rate was tested at Transient 
Experiment Critical Facility (TRACY) in JAEA [10]. TRACY is a pulse-type reactor that uses ~10% 
enriched uranyl nitrate solution as fuel. The results of the criticality tests are provided in Fig. 5. The 
analog output of the CAD simultaneously increased with reactor power. When the analog output exceeded 
the threshold value (0.87 mGy/h), three of the CADs output a warning signal, whereupon, 2 out of 3 units 
then outputs an alarm signal to the alarm generator. The test results demonstrated the performance required 
of a CAAS. 

Figure 5. Results of the criticality test of the new CAAS 
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3. Replacement with new CAAS 

3.1. Procedure used to relocate the CADs 

The optimal places to relocate of the CADs to were determined using a conservative evaluation method 
and consisted of the following three steps: 
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 Equipments that need to be monitored for criticality accidents occurring were selected with 
consideration given to the risk of excessive exposure to workers. 

 The detection threshold of a minimum accident was set to be an increase in power of 1015 fissions/s 
occurring within a rise-time of between 0.5 ms and 1 s. The sum of the neutron and gamma doses of a 
minimum accident (1015 fissions) was 0.3 Gy at an unshielded distance of 1m. 

 The doses where the CADs were installed were evaluated using parameters calculated with MCNP and 
ANISN. The gamma and neutron energy leakage spectra from the equipment caused by a criticality 
accident were calculated with MCNP. The dose attenuation factor of the shielding materials was 
calculated with ANISN. 

In this study the equipment needing to be monitored by CADs was selected. First, equipment containing any 
fissionable material no less than the criteria was selected as needing the occurrence of a criticality accident to 
be monitored. Second, equipment from which the maximum foreseeable accidental dose would exceed 100 
mSv, which is currently the maximum acceptable emergency dose in Japan, was selected as needing the 
occurrence of a criticality accident to be monitored. Finally, equipment needing CADs to be installed were 
selected, excluding however, for “any with geometrical control in the full concentration range” and 
“sufficiently robust structures exist that can maintain an adequate distance between the fuel assemblies”, and 
Uranium equipment that can control the concentration with no factors exist that could increase the 
concentration with the Raschig ring into Boron. 

According to ISO 7753 and ANSI/ANS-8.3, a minimum accident that would be of concern is assumed to 
release into the free air at a distance of 2 m from the reacting material an absorbed neutron and gamma 
dose of 0.2 Gy within 60 s. However the duration of the first spike of a minimum accident wasn‟t 
determined for use in those regulations. In this study the detection threshold for a minimum accident was 
set to be the condition resulting from an increase in power of 1015 fissions/s occurring within a rise-time of 
between 0.5 ms and 1 s, as stipulated in SRD R309. The sum of the neutron and gamma doses for that 
minimum accident (1015 fissions) was 0.3 Gy at an unshielded distance of 1m. The ratio of neutron to 
gamma dose of a moderated system and an unmoderated system was 0.5 and 6, respectively. In addition, 
the very slow excursions of less than 1015 fissions / s given in ISO 7753 and SRD R309 were considered 
inappropriate for use with this monitor. 

3.2. Determination of CAD installation positions 

The maximum shielding thickness between CAD and the equipment needing to be monitored by CADs was 
measured for use as a conservative estimation. The gamma and neutron energy leakage spectra from 
equipment in a criticality accident were calculated with MCNP. As the sources of a criticality accident 
plutonium nitrate solution (100 L; 239Pu: 240Pu = 95: 5) and PuO2 powder (11.46 g/cm3, 28.2 kg of Pu, 0.0 % 
water content) were considered here to be the moderated system and the unmoderated system, respectively. 
The dose rate where a CAD was positioned was positioned were calculated using simple equations for these 
conditions. More details of this method were described in previous reports [11, 12]. The dose rates where the 
CADs were positioned with maximum shielding are given in Fig. 6. The maximum thickness of the concrete 
was 140 cm and 130cm between a moderated system and a gamma detector and a moderated system and a 
neutron detector, respectively. The maximum shielding thickness between a moderated system and a neutron 
detector was 60 cm of concrete and 60 cm of steel. The result was that setting the alarm trip level of both the 
gamma detector and the neutron detector to be 2.0 mGy/h, the detection of a minimum criticality accident in 
a conservative manner (i.e. gamma: 10 m distance from the equipment to the CAD with a 140 cm concrete 
shield between them; neutron: 15 m distance and both a 60 cm concrete shield and a 60 cm steel shield). 
These results were applied to the new CAD positions (6 gamma CADs and 1 neutron CADs). 
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Figure 6. Dose rate at CAD positions [(a) moderated system and (b) unmoderated system] 
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4. Summary 

A new CAAS was developed to improve its reliability. The design principles and procedures for 
determining the appropriate relocation positions of the CADs within the TRP were provided with use the 
general calculation code of doses in this study. The cost of the new CAAS was drastically decreased by 
more rational positioning of the CADs (36 CADs→21 CADs). 

The new CAAS was installed in the relocated position within the TRP. The new CAAS was installed with 
the old system still operating to prevent any cessation of the criticality monitoring. The construction period 
for replacement with the new CAAS in the PCDF and MP were 100 and 130 days, respectively. The new 
CAAS in the PCDF commenced operating from October 2007 after the testing period of 3 months. In the 
MP, it will start operating from October 2009. 
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Japan Atomic Energy Agency Eml: tonoike.kotaro@jaea.go.jp 
2-4, Shirakata Shirane 
Tokai-mura, Ibaraki-ken 319-11 
UEDA, Yoshinori Tel: +81 34 511 1524 
Senior Researcher Fax: +81 34 511 1598 
Japan Nuclear Energy Safety Organization Eml: ueda-yoshinori@jnes.go.jp 
Kamiya-cho MT Bldg., 4-3-20, Toranomon, 
Minato-ku - Tokyo 105-0001 
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UNITED KINGDOM 

BLUNDELL, Neil Tel: +44 151 951 3648 
Nuclear Installations Inspectorate Fax: +44 151 951 3710 
Nuclear Directorate Eml: neil.blundell@hse.gsi.gov.uk 
Health and Safety Inspectorate 
4N-1 Redgrave Court, Merton Road 
Bootle, Merseyside, L20 7HS 

BUCHAN, Andrew Tel: +44 194 678 5738 
Sellafield Ltd. Fax: +44 194 677 5969 
B113, Sellafield, Seascale, Eml: andy.b.buchan@sellafieldsites.com 
Cumbria CA20 1PG 

DELANEY, Brian Tel: +44 151 951 4392 
4N.2 Redgrave Court Fax: +44 151 951 3710 
Merton Road Eml: brian.delaney@hse.gsi.gov.uk 
Bootle, Merseyside 
L20 7HS 

DOBSON, Martin Tel: +44 192 583 2102 
Strategy Development Fax: +44 192 583 4702 
Sellafield Ltd. Eml: martin.dobson@sellafieldsites.com 
H580, Hinton House 
Risley 
Warrington WA3 6AS 

UNITED STATES OF AMERICA 

DORMAN, Dan Tel: +1 301 492 3140 
Director Fax: +1 301 492 3359 
Fuel Cycle Safety & Safeguards Div. Eml: dan.dorman@nrc.gov 
U. S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

HABIGHORST, Peter J. Tel: +1 301 492 3136 
US Nuclear Regulatory Commission Fax: +1 301 492 3363 
Fuel Manufacturing Branch Chief Eml: peter.habighorst@nrc.gov 
Executive Blvd. Building 
6003 Executive Blvd 
Rockville, MD 20852 

INTERNATIONAL ORGANISATIONS 

REHACEK, Radomir Tel: +33 1 4524 1058 
OECD/NEA Nuclear Safety Division Fax: +33 1 4524 1129 
Le Seine St-Germain Eml: radomir.rehacek@oecd.org 
12 bd des Iles 
F-92130 Issy-les-Moulineaux 


