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FOREWORD 

In response to tbe growing interest in tbe decommissioning of nuclear facilities, the Nuclear 
Energy Agency of tbe OECD commenced in 1978 a programme of activities in this field. Tbe work 
of the NEA was initially limited to the organisation of international meetings of experts and the 
preparation of surveys and state-of-the-art reports. 

Subsequently, the Agency set up, in 1985, the International Co-operative Programme for the 
Exchange of Scientific and Technical Information Concerning Nuclear Installation Decommissioning 
Projects. This concept of a "club" among a number of decommissioning projects exchanging 
information, experience and possibly personnel, and carrying out other forms of co-operation as 
appropriate, obtained strong support from all the OECD countries having one or more important 
decommissioning projects either under way or in the planning process. 

The programme was formally initiated in September 198S for a first 5-year term, and was 
subsequently extended for a second 5-year term in view of its successful performance. 

The fust five years of this programme represent a watershed in the evolution of 
decommissioning as a mature technical discipline. In its own right, each of the participating projects 
bas made a significant contribution towards not only developing various decommissioning 
technologies, but also demonstrating them under field conditions. 

Tbe primary objective of the programme is to contribute to the industrialisation of 
decommissioning by facilitating the exchange of information and of related experience between 
participating projects. This objective can be said to have been met, as evidenced by the continuous 
increase in the number of participant organisations. 

The present report describes the programme and the participating projects, and reviews the 
results and experience obtained during the first 5-year term. It is published under the authority of the 
Secretary-General of the OECD and does not commit Member countries or the Organisation. 
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AVANT-PROPOS 

Afin de répondre à l'intérêt croissant relatif au déclassement des installations nucléaires, 
l'Agence de l'OCDE pour l'énergie nucléaire a démarré en 1978 un programme d'activités dans ce 
domaine. Le rôle de l'AEN a été limité initialement à l'organisation de réunions internationales 
d'experts et à la préparation d'études et de rapports sur l'état des connaissances. 

Par la suite l'Agence a crée en 1985 le "Programme de coopération en vue de l'échange 
d'informations scientifiques et techniques sur les projets de déclassement d'installations nucléaires". 
Le principe d'un club entre un certain nombre de projets de déclassement échangeant des 
informations, de l'expérience et éventuellement du personnel et comportant d'autres formes de 
coopération le cas échéant, a reçu un soutien considérable de la part des pays de l'OCDE ayant un 
ou plusieurs projets de déclassement important soit en cours soit en préparation. 

Le programme a été créé officiellement en septembre 1985 pour une première période de 
cinq ans et a été par la suite reconduit pour une nouvelle période de cinq ans compte tenu du succès 
de ces activités. 

Les cinq premières années de ce programme représentent une étape importante dans 
l'évolution du déclassement en tant que discipline technique arrivée à maturité. Chacun des projets 
participants a pour sa part fourni une contribution significative en ce qui concerne non seulement la 
mise au point de diverses techniques de démantèlement mais aussi la démonstration de celles-ci dans 
des conditions réelles. 

L'objectif principal du programme est de contribuer à la transition du démantèlement à la 
phase industrielle en facilitant l'échange d'information et d'expérience entre les projets participants. 
II est possible de considérer que cet objectif a été accompli ainsi qu'en témoigne le nombre croissant 
d'organisations qui participent au projet. 

Le présent rapport décrit le programme ainsi que les projets qui y participent, et passe en 
revue les résultats et expériences obtenus au cours de la première période de cinq ans. Il est publié 
sous la responsabilité du Secrétaire Général de l'OCDE et n'engage pas les pays Membres ni 
l'Organisation. 
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EXECUTIVE SUMMARY 

Introduction 

In response to the growing interest in the decommissioning of nuclear faculties by Member 
countries, the Nuclear Energy Agency (NEA) of the OECD commenced in 1978 a programme of 
activities in this field. The work of the NEA was initially limited to tbe organisation of international 
meetings of experts and the preparation of surveys and state-of-the-art reports. 

However, in 1981, the intervention of the Agency evolved towards the creation of 
international co-operative programmes based on international participating in or exchange of 
information about actual decommissioning projects in Member countries. The first such programme 
was the Agesta Decontamination Project, carried out in 1981-1982. 

Subsequently, the Agency set up, in 1985, the International Co-operative Programme for the 
Exchange of Scientific and Technical Information Concerning Nuclear Installation Decommissioning 
Projects. This concept of a "club" among a number of decommissioning projects exchanging 
information, experience and possibly, personnel, and carrying other forms of co-operation as 
appropriate, was initially suggested by tbe United States Department of Energy (USDOE) and rapidly 
obtained strong support from all tbe Member countries having one or more important 
decommissioning projects either under way or in the planning process. 

The bask scope of the Co-operative Programme involves an exchange of scientific and 
technical information between decommissioning projects. This includes project descriptions and 
plans, data obtained from research and development associated with participating projects, data 
resulting from the execution of project plans and lessons learned from such execution. Such exchange 
does also include technical visits to the participating projects. In addition, the Agreement allows for 
the setting-up, between two or more participants, of special arrangements to further enhance co
operation in fields of specific mutual interest. 

The programme was formally initiated in September 1985 for a first five-year term with an 
initial set of participants composed of 10 decommissioning Projects from seven countries. Since then, 
the Programme, which is carried out under the direction of the NEA Radioactive Waste Management 
Committee, completed very successfully its first term and all the current participants 
(19 decommissioning Projects from eight countries) unanimously agreed to extend the duration of the 
Programme for another five year period commencing on 18 September 1990. 

Features and results of the co-operative programme 

The Co-operative Programme includes a significant variety of decommissioning projects, 
ranging from commercial scale nuclear power plants, such as Lingen and Garigliano, to experimental 
or demonstration reactors, such as Shippingport, Windscale Advanced Gas Cooled Reactor (WAGR), 
Mehrzweckforschungsreaktor (MZFR), Japan Power Demonstration Reactor (JPDR), etc, to fuel 
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reprocessing facilities, such as ATI, B204, West Valley, etc. This variety may focus for some aspects 
die scope of the co-operation between the various Projects, but, on the other band, i. broadens the 
impact and the irtenutknalintaesttf Currently, the Programme coven 13 reactors, 
four fuel reprocessing plants, one mixed oxide fuel fabricatjoo plam and OM nKlioisotope processing 
facility. 

The reactors represent a wide selection of types and are: 

4BWRs; 
2PWRs; 
2PHWRs; 
1 H,0-cooled/p,0 moderated; 
1 Gas-cooled Dfi moderated; 
2 GRC/AGR; 
1FBR. 

Of die 19 facilities, the following 12 are to be, or have been, decommissioned to Stage 3, 
namely total dismantling: 

2BWRs; 
2PWRs; 
1PHWR; 
1 Gas-cooled D*0 moderated; 
1 AGR; 
3 fuel reprocessing facilities; 
1 mixed oxide fuel fabrication plant; 
1 radioisotope facility. 

Due to this wide variety of projects and also because of the different prevailing 
circumstances and needs at die various project sites, the type of information produced and reported 
has been quite diverse. In this report the progress and achievements in six major technical areas has 
been surveyed: 

- activity inventory assessment; 
• decontamination methods; 
- cutting techniques; 
- remote operation; 
- radioactive waste management; 
- bealm and safely. 

Knowledge of tbe radioactive inventory is a key requirement throughout die 
decommissioning process, being needed for the initial planning, for the management of waste during 
dismantling and for die rehabilitation of the site at the conclusion of me programme. Most of me 
inventory assessment data resulting from the programme are associated with reactors. There is 
considerable commonality of broad approaches and methods, although the codes used at each step in 
the calculation tend to be chosen on tbe basis of local history and preference. 

Decontamination during decommissioning can be applied for several reasons: 

- to reduce worker dose rates for dismantling operations; 
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to re-categorise material downward to a lower disposal classification; 
• to allow re-cycling of material for free or restricted release. 

A very large body of published work on decontamination exists both within and outside the 
present Programme, so that there is no shortage of information on decontamination techniques. 
Where the Programme has helped specifically is in providing the practical experience of applying 
some of the techniques on an industrial scale to plants not primarily designed with ease of 
decontamination in mind. In particular, the data from real projects are invaluable in firming up the 
technical and economic arguments for and against decontamination. 

Most common methods of material cutting have been utilised in one or more of the projects 
covered by the Programme. Because the techniques are being applied to active plants, there is a clear 
preference for mose which produce small quantities of easily controllable secondary waste and which 
lend themselves to remote deployment. 

Project experience has shown that there is no ideal cutting technique and that a choke has 
to be made based on balancing the strengths and weaknesses of a particular method within the 
constraints of the material and article which must be cut and the environment within which the cutting 
method has to be deployed. 

Several projects have reported experiences of the use of remotely operated tools. The choice 
seems, in part, to have been governed by the geometrical nature of the problem. For reactor 
dismantling, advantage is taken of the circular symmetry of the work pieces and manipulators tend 
to be rotary and mast mounted. In the case of hot cells a more appropriate mounting has been found 
to be a telescopic articulated arm allowing an extended reach not restricted by consideration of 
symmetry. Several projects have made significant investment in the development of remote viewing 
systems. 

National regulations and policies affect decisions in the field of radioactive waste 
management more than in any other. For efficient waste management: 

- the quantity of waste for final disposal must be minimised; 
- disposal quality assurance requirements must be met; 
- regulatory limits for recycling or release must be met; 
- costs must be minimised. 

Projects have reported on the monitoring of waste activity, conditioning and packaging of 
waste, as well as on die use of melting for free release or re-use in the nuclear industry. 

As for all activities involving radioactive materials, decommissioning is constrained to work 
in an exemplary fashion within the regulatory framework for health and safety. Experience reported 
to date by the participating project does not suggest that any unsurmountable problems have so far 
been experienced from this point of view. The recent downward pressure on the permissible levels 
of occupational exposure may, however, introduce new challenges. 

Cost estimates for decommissioning projects 

A Task Group on Decommissioning Costs was created to try to identify the reasons for the 
large variations in reported cost estimates for decommissioning. As an initial exercise, the Task 
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Group established a broad division of decommissioning into tasks that may have to be executed for 
delayed or immediate dismantling of all civil nuclear facilities. This scheme of task groups was sent 
to the project managers of the participating projects for completion with actual cost data. 

A scrutiny of the replies revealed, however, that comparison between the projects was 
complicated by varying interpretations of the details of the cost matrix and its items. In order to 
arrive at more comparable data, the Task Group has been, in a series of questionnaires, progressively 
refining the information from the projects. As a result, the contents of the cost groups in the above-
mentioned scheme are relatively similar and terms like labour, expenses and capital 
equipmentfmaterial are, in most cases, used to denote the same type of costs in the projects being 
compared. 

It is proposed to use the refined data to help identify the discrepancies and special cost 
aspects of the individual projects. This work has been completed in 1991. 

Statu and perspectives of decommissioning technology 

The individual decommissioning projects participating in the Programme have already 
produced a great deal of technical and financial information. However, the heterogeneity of projects, 
both in type and degree of completion, make it difficult to draw together information on a strictly 
comparable basis and, consequently, to present it in a form which can be directly used. Moreover, 
for reasons including the limited resources participants could devote to the Programme, the individual 
projects produced far more data than have so far been exchanged. Furthermore, the data which have 
been exchanged have, although with some exceptions, not been subject to collation, rationalisation 
and analysis. 

It is now appropriate to take stock of the situation and identify any change in emphasis 
which may be desirable as the Programme moves into a second phase. In particular, all participants 
see a progressive move from an atmosphere of development and technical demonstration towards a 
more routine industrialisation of the decommissioning process. In fact, in spite of the different 
strategic perceptions created by the variations in local conditions, the Programme has shown a very 
considerable commonality between the various projects when it comes to the definition of the 
sequence and methods to be followed in a decommissioning project. Local conditions tend to 
influence decisions on timing and the detail of waste conditioning and disposal, but have only a small 
effect on the engineering problems of dismantling, decontamination and handling. Thus, a broad 
objective for the future of the Programme would be to concentrate on those areas which are of 
universal interest and, in particular, to concentrate on systeinatising the information coming out of the 
various individual projects so that there is an easily accessible source from which the practical 
experience generated by the Programme can be abstracted and used as an aid to the more precise 
planning and estimation of new tasks. 

In effect, although the Programme has generated a wealth of information which will go some 
way towards providing the basis for more precise planning and estimating, considerable work still 
remains to define and organise the available information and to extend the information base. 

In spite of the limitations of analysis of the data generated, the Programme has provided 
sufficient information to allow a number of conclusions to be drawn on the current status of the 
technology of decommissioning and its development, particularly in the perspective of its evolution 
from the experimental and pilot project phase to a full industrial maturity. 
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Structured within the six major technical areas listed earlier, these conclusions are briefly 
the following: 

- The comparative success of activation calculations needs to be consolidated by a 
collection and collation of the available and forthcoming data. The situation of con
tamination modelling is considerably less developed than that of activation modelling. 

- The basic technical data on decontamination already largely exist, whilst the programme 
is providing an opportunity to exchange cost and performance data in real project 
situations. In order to make the information accessible in a convenient form, it may be 
that it should be incorporated into an expert system so that for any problem, the Project 
Manager is both guided towards the technically appropriate method and assisted in 
assessing the likely cost and the efficiency of the treatment. 

- Some extension of existing methods is required, particularly in die area of segmenting 
very thick pressure vessels and, in spite of the considerable progress made, there is a 
continuing requirement to exchange practical data. A first step would be to collect and 
review the information already available within the Programme on ventilation and 
filtration. 

- Technical development of robotic arms and their associated control systems is 
proceeding in nearly all the participating countries. Whilst it can be anticipated that 
fully remote systems will continue to be refined, made more versatile and become less 
difficult to use, it is in the area of semi-re.note operations that the most widespread 
application can be expected. Remote viewing is an area where a considerable 
development programme has been and is taking place. The contribution that the 
Programme can make is in the practical trial and evaluation field. 

- In the field of radioactive waste management, information exchange on radioactivity 
monitoring needs to be increased. In particular, those parameters which are relevant to 
the industrialisation of the monitoring process for the various systems in use should be 
reported. 

Each participating project has tackled the problems of waste management within its 
own technical and legal environment. It is apparent that there is some difference in 
economic perception between the participants, techniques which are rejected as 
uneconomic by one being embraced by another. This suggests that it would be fruitful 
to compare the assessments which came to such differing conclusions and identify the 
reasons for the divergence. 

One of the most important developments, which is completely outside the control 
of the present Programme, is the specification and construction of national waste 
repositories. However, within the Programme there is valuable information on the 
economics of various strategies and techniques for waste conditioning and packaging 
which can be exchanged. 

- Although some potentially useful data have already been reported on the radiation doses 
associated with particular operations, further information is required on the activity 
levels and radiation fields before the information can be scaled for use in a predictive 
mode. 
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An important area in the future will be to exchange experience on the effects of the 
expected introduction of lower individual dose limits as a consequence of the recent 
publication of the new ICRP Recommendation in 1991, both on the methods employed 
and on costs for similar projects. 

The future of the programme 

The first five years of this Programme represent a watershed in the evolution of 
decommissioning as a mature technical discipline. In its own right, each project has made a 
significant contribution towards not only developing various decommissioning related technologies, 
but a&o demonstrating and providing them under field conditions. 

The primary objective of the Programme has been and continues to be, to make a 
contribution to the industrialisation of decommissioning by facilitating die exchange of information 
and applications related experience among and between participating projects. This objective can be 
said to have been met, as evidenced by the increase in the number of participant organisations and 
by the extension of die Programme Agreement for another five year term. 

The techniques and methods needed for the decommissioning of nuclear power plants and 
fuel cycle facilities are available and well proven on a semi-industrial scale. Development work will 
now be primarily focused on extending die procedures to a fully industrial scale. 

A major challenge for tint future of the Programme is to examine the opportunity that exists 
to collect, systemize, and codify this information in a way that makes it readily and easily available 
to future (and on-going) projects, thereby making a additional contribution to the industrialisation of 
decommissioning. 
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EXPOSE DE SYNTHESE 

Introduction 

En réponse à l'intértt croissant manifesté par les pays Membres à l'égard du déclassement 
des installations nucléaires, l'Agence de l'OCDE pour l'énergie nucléaire (AEN) a entrepris en 1978 
un programme d'activité dans ce domaine. Dans un premier temps, les travaux ont été limités à 
l'organisation de réunions internationales d'experts et à la préparation d'enquêtes et de rapports sur 
l'état des connaissances. Cependant, en 1981, l'Agence à étendu ses activités à la création de 
programmes internationaux en coopération fondés sur une participation internationale à des projets 
de déclassement exécutés dans les pays Membres ou a un échange d'informations à leur sujet. Le 
premier de ces programmes a été le projet de décontamination relatif au téacteur d'Agesta, qui s'est 
déroulé de 1981 à 1982. 

Par la suite, l'Agence a institué, en 1985, le Programme international en coopération visant 
l'échange d'informations scientifiques et techniques sur les projets de déclassement d'installations 
nucléaires. Cette idée d'un "club" rassemblant un certain nombre de projets de déclassement en vue 
de l'échange d'informations, de données d'expérience, voire de personnel, et de la mise en place 
d'autres formes de coopération le cas échéant, avait été suggérée à l'origine par le Ministère de 
l'énergie des Etats-Unis et n'a pas tardé a bénéficier du plein appui de tous les pays Membres ayant 
un ou plusieurs projets de déclassement importants en cours d'exécution ou de planification. 

Le champ d'application de base du Programme en coopération couvre l'échange 
d'informations scientifiques et techniques entre les différents projets de déclassement. Il s'agit 
notamment des descriptions et des plans de projets, des données tirées des activités de recherche et 
de développement liées aux projets participants, des données résultant de l'exécution des plan de 
projets et des enseignements qui s'en dégagent. Des visites techniques sur les sites des projets 
participants sont également prévues dans ce contexte. En outre, aux termes de l'Accord relatif au 
Programme, deux ou plusieurs participants peuvent conclure des arrangements spéciaux en vue 
d'intensifier la coopération dans des domaines d'intérêt mutuel particulier. 

Le Programme a été officiellement lancé en septembre 198S pour une première période de 
cinq ans, avec la participation initiale de dix projets de déclassement menés dans sept pays. Depuis 
lors, la première période d'activité de ce Programme, qui est placé sous l'égide du Comité AEN de 
la gestion des déchets radioactifs, a été menée a très bonne fin et tous les participants actuels 
(représentant 19 projets de déclassement menés dans huit pays) sont convenus a l'unanimité de 
proroger le Programme pour une nouvelle période de cinq ans a compter du 1S septembre 1990. 

Caractéristiques et résultats du programme en coopération 

Le Programme en coopération porte sur une grande diversité de projets de déclassement, 
s'agissant aussi bien de centrales nucléaires exploitées à l'échelle commerciale, telles que Lingen et 
Garigliano, que de réacteurs expérimentaux ou de démonstration, tels que Shippingport, WAOR, 
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MZFR, JPDR, etc., ou d'installations de retraitement du combustible, telles que ATI, B204, West 
Valley, etc. Cette diversité peut limiter à certains égards la portée de la coopération entre les différents 
projets mais, en revanche, elle élargit l'influence et l'intérêt international du Programme. A l'beure 
actuelle, ce Programme couvre 13 réacteurs, quatre usines de retraitement du combustible, une usine 
de fabrication du combustible MOX et une installation de traitement des radioisotopes. 

Ces réacteurs, qui appartiennent a toute une gamme de filières, sont les suivants : 

4 réacteurs à eau bouillante ; 
2 réacteurs à eau sous pression ; 
2 réacteurs à eau lourde sous pression ; 
1 réacteur refroidi par eau ordinaire et modéré pt; eau lourde ; 
1 réacteur refroidi par gaz et modéré par eau lourde ; 
2 réacteurs avancés refroidis par gaz ; 
1 surgénérateur rapide. 

Sur les 19 installations, les 12 énumérées ci-après ont été ou doivent être déclassées jusqu'au 
niveau 3, qui correspond au démantèlement total : 

2 réacteurs à eau bouillante ; 
2 réacteurs à eau sous pression ; 
1 réacteur à eau lourde sous pression ; 
1 réacteur refroidi par gaz modéré par eau lourde ; 
1 réacteurs avancé refroidi par gaz ; 
3 installations de retraitement du combustible ; 
1 usine de fabrication du combustible MOX ; 
I installation de traitement des radioisotopes. 

En raison de cette grande diversité de projets, ainsi que des différentes circonstances et 
nécessités propres aux divers sites d'implantation de ces projets, les informations établies et notifiées 
ont été de type très varié. Le présent rapport fait le point de l'état d'avancement des travaux et des 
résultats obtenus dans six grands domaines techniques, à savoir : 

- évaluation de l'inventaire d'activité ; 
- méthodes de décontamination ; 
- techniques de découpage ; 
- télécommande ; 
• gestion des déchets radioactifs ; 
• sûreté et radioprotection. 

II est absolument indispensable de connaître l'inventaire des matériaux radioactifs tout au 
long du processus de déclassement, aussi bien pour la planification initiale que pour le contrôle des 
déchets en cours de démantèlement et pour la réhabilitation du site à l'issue du programme. La plupart 
des données applicables à l'évaluation de cet inventaire qui émanent du Programme se rapportent aux 
réacteurs. Les démarches et méthodes de caractère général présentent de multiples points communs, 
encore que les programmes de calcul utilisés a chaque étape des calculs aient tendance à être choisis 
en fonction des antécédents d'exploitation et des préférences au plan local. 
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La décontamination en cours de déclassement peut être appliquée pour plusieurs raisons et 
notamment: 

pour réduire les doses reçues par les travailleurs lors des opérations de démantèlement ; 
pour reclasser les matériaux dans une catégorie de plus faible activité à des fins 
d'évacuation ; 
pour permettre le recyclage des matériaux en vue d'une libération sans restriction. 

Il existe un vaste ensemble de travaux publiés sur la décontamination aussi bien dans le 
cadre qu'en dehors du Programme actuel, de sorte qu'on ne manque pas d'informations sur les 
techniques de décontamination. L'apport spécifique du Programme a été de fournir une expérience 
pratique de l'application de certaines de ces techniques à l'échelle industrielle dans le cas de centrales 
qui n'avaient pas été principalement conçues dans le but de faciliter la decontamination. En 
particulier, les données tirées de projets concrets sont d'un intérêt sans précédent lorsqu'il s'agit de 
confirmer les arguments techniques et économiques en faveur ou à rencontre de la décontamination. 

La plupart des méthodes courantes de découpage des matériaux ont été utilisées dans l'un 
ou l'autre des projets couverts par le Programme. Comme ces techniques sont appliquées à des 
installations fonctionnant en actif, la préférence va nettement à celles qui produisent de faibles 
quantités de déchets secondaires facilement contrôlables et qui se prêtent à la téléintervention. 
L'expérience acquise dans le cadre des projets a montré qu'il n'existe pas de technique de découpage 
idéale et qu'il faut opérer un choix en fonction de l'équilibre à observer entre les points forts et les 
points faibles d'une méthode particulière compte tenu des contraintes imposées par les matériaux et 
articles qui doivent être découpés et par le milieu dans lequel la méthode de découpage doit être 
utilisée. 

Il apparaît que des outils télécommandés ont été expérimentés dans le cadre de plusieurs 
projets. Le choix semple avoir été dicté, en partie, par le caractère géométrique du problème. En ce 
qui concerne le démantèlement des réacteurs, on tire parti de la symétrie circulaire de la pièce a 
façonner et les manipulateurs sont en général rotatifs et montés sur mât. Dans le cas des cellules 
chaudes, on a constaté qu'un bras téléscopique articulé de portée plus étendue et non limitée par des 
considérations de symétrie constituait un montage mieux approprié. Plusieurs projets ont consacré 
d'importants investissements à la mise au point de systèmes de télévisualisations. 

Les réglementations et les politiques nationales influent sur les décisions dans le domaine 
de la gestion des déchets radioactifs plus que dans tout autre. Les conditions requises pour assurer 
l'efficacité de la gestion des déchets sont les suivantes : 

- la quantité de déchets destinés à l'évacuation définitive doit être réduite au minimum ; 
les prescriptions en matière d'assurance qualité de l'évacuation doivent être observées ; 

• les limites réglementaires en matière de recyclage ou de libération doivent être 
respectées ; 

- les coûts doivent être réduits au minimum. 

Parmi les activités menées dans le cadre des projets figurent la surveillance de la 
radioactivité des déchets, le conditionnement et l'emballage des déchets, ainsi que l'utilisation de la 
fusion pour la libération sans restriction ou la réutilisation dans l'industrie nucléaire. 

Comme pour toutes les activités mettant en jeu des matériaux radioactifs, te déclassement 
doit nécessairement se dérouler de façon exemplaire conformément à la réglementation en matière de 
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sûreté et de radioprotection. D'après tes données d'expérience communiquées à ce jour par les projets 
participants, rien ne laisse penser que des problèmes insurmontables ont été rencontrés jusqu'à présent. 
Les pressions exercées récemment en vue d'un abaissement des niveaux admissibles de 
radioexposition professionnelle sont, toutefois, susceptibles de poser de nouveaux problèmes. 

Estimations des coûts des projets de déclassement 

Un groupe de travail sur tes coûts du déclassement a été crée en vue de déterminer les 
raisons des grandes variations dans les estimations publiées au sujet des coûts du déclassement. A titre 
de démarche initiale, ce Groupe de travail a établi une classification générale des activités de 
déclassement en fonction des taches qui peuvent devoir être exécutées pour le démantèlement 
immédiat ou différé de toutes tes installations nucléaires civiles et celle-ci a été addressée aux chefs 
des projets participants pour qu'ils remplissent les rubriques relatives aux coûts. 

Cependant, un examen rapide des réponses a montré que les diverses interprétations des 
détails de la matrice des coûts et de ses éléments complique la comparaison entre les projets. Afin 
de parvenir à des données plus comparables, le Groupe de travail a, grâce à une série de 
questionnaires, progressivement affiné tes informations fournies par les projets. Il s'ensuit que te 
contenu des catégories de coûts est relativement similaire et que des termes tels que main-d'oeuvre, 
dépenses et biens d'équipement/matériaux sont, dans la plupart des cas, utilisés pour désigner le même 
type de coûts dans les projets qui font l'objet de la comparaison. 

11 est proposé d'utiliser ces données affinées pour aider à déceler les incohérences et les 
aspects particuliers des coûts propres aux différents projets. Ces travaux se sont achevés au cours de 
l'année 1991. 

Etat d'avancement et perspectives de la technologie du déclassement 

Les différents projets de déclassement qui participent au Programme ont déjà permis 
d'obtenir un grand nombre d'informations techniques et financières. Cependant, étant donné que ces 
projets sont hétérogènes, tant par leur nature que par leur degré d'achèvement, il est difficile de 
regrouper les informations sur une base strictement comparable et, partant, de les présenter sous une 
forme directement utilisable. En outre, pour des raisons tenant notamment aux ressources limitées que 
les participants ont pu consacrer à ce Programme, le volume des données fournies par les différents 
projets a été bien supérieur à celui des données échangées jusqu'à présent. Par ailleurs, les données 
qui ont été échangées n'ont pas fait l'objet, hormis quelques exceptions, d'un interclassement, d'une 
rationalisation et d'une analyse. 

Le moment est venu de faire le bilan de la situation et de déterminer tout changement 
d'orientation qui peut être souhaitable maintenant que le programme entre dans sa deuxième phase. 
En particulier, tous les participants s'aperçoivent que les activités de développement et de 
démonstration cèdent progressivement le pas a une industrialisation plus systématique du processus 
de déclassement. En fait, malgré les différences d'optique stratégique dues aux variations dans les 
conditions locales, le Programme a révélé un très grand nombre de points communs entre les divers 
projets dès lors qu'il s'agit de définir la séquence et les méthodes à suivre dans un projet de 
déclassement. Les conditions locales ont tendance à influer sur les décisions concernant le calendrier 
et les caractéristiques détaillées du conditionnement et de l'évacuation des déchets, mais elles n'ont 
qu'une faible incidence sur les problèmes techniques du démantèlement, de la décontamination et du 

17 



traitement. Ainsi, l'un des objectifs généraux du futur programe consisterait a s'axer sur les domaines 
qui présentent un intérêt universel et en particulier sur la systématisation des informations provenant 
des divers projets particuliers, de manière a disposer d'une source facilement accessible permettant 
de dégager l'expérience pratique acquise dans le cadre du Programme et de l'utiliser comme aide à 
la planification et à l'estimation plus précises des nouvelles tâches. 

En effet, bien que le Programme ait fourni d'abondantes informations que contribueront dans 
une certaine mesure a étayer une planification et une estimation plus précises, il reste beaucoup à faire 
pour définir et organiser les informations disponibles et étendre la base d'informations. 

Malgré les limitations de l'analyse des données ainsi obtenues, le programme a fourni 
suffisamment d'informations pour permettre d'en tirer un certain nombre de conclusions au sujet de 
l'état d'avancement de la technologie du déclassement, et de son développement, notamment dans la 
perspective de son passage du stade des projets expérimentaux et pilotes a celui de la pleine maturité 
industrielle. 

Ces conclusions, qui s'articulent autour des six grands domaines techniques précédemment 
mentionnés, peuvent être brièvement énoncées comme suit : 

- Il est nécessaire de corroborer les résultats relativement positifs obtenus dans les calculs 
d'activation par un système de collecte et d'interclassement des données existantes ou 
à venir. La modélisation de la contamination a atteint un stade beaucoup moins avancé 
que la modélisation de l'activation. 

- Les données techniques de base sur la décontamination sont déjà largement disponibles, 
bien que le Programme offre l'occasion d'échanger des données sur les coûts et les 
performances dans des conditions réelles d'exécution des projets. Pour que les 
informations soient accessibles sous une forme commode, peut-être faudra-t-il les 
intégrer à un système expert de manière à ce que, face à un problème, le chef de projet 
soit orienté vers la méthode techniquement appropriée et soit secondé dans l'évaluation 
tant du coût probable que de l'efficacité du traitement. 

- Il est indispensable d'élargir quelque peu la portée des méthodes existantes, notamment 
dans le domaine de la segmentation des cuves sous pression de très forte épaisseur et, 
malgré les progrès considérables qui ont été réalisés, il est constamment nécessaire 
d'échanger des données pratiques. Une première étape consisterait à recueillir et à 
examiner les informations déjà disponibles dans le cadre du Programme sur la 
ventilation et la filtration. 

- Des améliorations techniques sont en train d'être apportées aux bras robotiques et à leur 
système de commande annexe dans presque tous les pays participants. Même s'il y a 
tout lieu de penser que les systèmes entièrement télécommandés continueront à être 
perfectionnés, qu'il deviendront plus polyvalents et moins difficiles à utilise*, c'est dans 
le domaine des opérations semi-telecommandées que l'on peut s'attendre à l'application 
la plus généralisée. La télévisualisation a fait l'objet de travaux de mise au point très 
importants, qui se poursuivent. C'est dans le domaine de l'expérimentation et de 
l'évaluation que ce Programme pourra apporter une contribution utile. 

- En ce qui concerne la gestion des déchets radioactifs, l'échange d'informations sur la 
surveillance de la radioactivité doit être intensifié. En particulier, il conviendrait de 
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notifier les paramètres qui présentent de l'intérêt pour l'industrialisation du processus 
de surveillance des différents systèmes. 

Chaque projet participant a résolu les problèmes de gestion des déchets dans son propre 
contexte technique et juridique. Il y a apparemment quelque différence dans la façon 
dont les participants perçoivent les aspects économiques, certaines technique étant 
rejetéss pour manque de rentabilité par les uns et adoptées par les autres. On peut en 
déduire qu'il serait profitable de comparer les évaluations qui aboutissent a des 
conclusions aussi différentes et de déterminer les raisons de cette divergence. 

L'une des principales évolutions en cours est totalement hors de portée du présent 
Programme, s'agissant de la spécification et la construction des dépôts nationaux de 
déchets. Cependant, on dispose, dans le cadre du Programme, d'informations très utiles 
sur les aspects économiques des diverses stratégies et techniques applicables au 
conditionnement et à l'emballage des déchets, lesquelles pourront faire l'objet 
d'échanges. 

- Bien que certaines données potentiellement utiles aient déjà été communiquées sur la 
dose totale liée à des opérations particulières, il faudra obtenir des informations 
complémentaires sur les niveaux d'activité et les champs de rayonnement avant de 
pouvoir normaliser les informations pour les utiliser en mode prévisionnel. 

- A l'avenir, une activité importante consistera à échanger des données d'expérience 
concernant les incidences de l'abaissement prévu des limites de dose individuelle, 
comme suite à la publication récente de la nouvelle recommandation de la CIPR en 
1991, tant sur les méthodes appliquées que sur les coûts afférents à des projets 
similaires. 

Les cinq premières années d'exécution de ce Programme représentent une étape cruciale 
dans la voie qui fera du déclassement une discipline technique éprouvée. Chaque projet, a, en soi, 
apporté une contribution notable non seulement à la mise au point de diverses technologies liées au 
déclassement, mais aussi a leur démonstration et à leur application sur le terrain. 

Ce programme avait et a toujours pour principal objectif de contribuer à l'industrialisation 
du déclassement en facilitant l'échange d'informations et de données d'expérience en matière 
d'application entre les divers projets participants. On peut dire que <*"t objectif a été atteint, comme 
en témoignent l'augmentation du nombre d'organismes participa:. ,t la prorogation de l'Accord 
relatif au Programme pour une nouvelle période de cinq ans. 

Les techniques et méthodes requises pour le déclassement des centrales nucléaires et des 
installations liées au cycle du combustible sont d'ores et déjà disponibles et bien éprouvées à l'échelle 
semi-industrielle. Les travaux de mise au point consisteront désormais essentiellement à étendre 
l'application de ces procédures à une échelle entièrement industrielle. 

Le programme aura pour tâche primordiale à l'avenir d'examiner les possibilités que l'on 
a de recueillir, de systématiser et de codifier ces informations de manière à les rendre rapidement et 
facilement accessibles aux projets futures (et en cours) et, ce faisant, d'apporter une nouvelle 
contribution à l'industrialisation du déclassement. 
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1. Introduction 

The decommissiODing of nuclear facilities began lo attract substantial and concrète interest 
in the OECD Member countries during tbe 1970s, in view of the incieasing nuaiber of research and 
pilot nuclear plants having tenninated their useful life and the approaching of the time when the first 
commercial nuclear power plants wouW need to be decommissioned. In the light of this growing 
international concern for decommissioning, tbe Nuclear Energy Agency (NEA) of tbe OECD initiated 
an active programme in this fieM. 

Since 1978 the NEA started to organise international meetings aimed at exchanging 
information and exploring the potential for international co-operative ventures. The Agency also 
organised or sponsored technical workshops and conférences in 1978, 1980, 1982 and in 1984 
[Réf. 1,23,4] and publisbed state-of-the-art reports on spécifie technical and economical aspects of 
decommissîoning [Réf. 5,6,7]. The Radioactive Waste Management Committee of the NEA 
sponsored during tbe years 1981 -1984, a survey of the status of decommissioning projects in Member 
countries and the needs of technology exchange in this field. The results of this enquiry were 
compiled by the United States Department of Energy (USDOE) and UNC Nuclear Industries (United 
States) in a Compendium on Decommissioning Activities in NEA Member countries, which was 
publisbed in 1985 [Réf. 8]. This document gave a clear and updated picture of the international 
situation in mis field and constituted a useful basis for the development of concepts and requirements 
which led to the création of the NEA co-operative programme described in this report. 

The vigorous activities aimed at promoting international co-operative ventures had their first 
results with the setting up, in 1981, trader the direction of the Radioactive Waste Management 
Committee, of tbe Âgesta Decontamination Project. The object was to demonstrate decontamination 
methods for PWR primary Systems by using the Âgesta reactor, located in a suburb of Stockholm, 
which was in a cold shutdown status since 1974. The Project, which was carried out with tbe 
participation of the Fédéral Republic of Germany, Italy, Sweden, Switzerland, the United Kingdom 
and the United States, was successfully concluded in 1982. Attempts to set up otber international co
opérative undertakings, centered on spécifie facilities, namely an Âgesta Phase II Project and a Project 
for the dismantling and safety assessment of the Rapsodie Fast Breeder Reactor (France), were not 
successful for administrative and financial reaions. 

However, the gênerai atmosphère of co-operation developed among Member countries by 
the large number of contacts and exchanges carried out within the NEA framework created tbe 
favourable climate for the gathering of a large consensus around a proposai which was made in 1984 
by the USDOE to set up under the NEA a broad co-operative programme for the exchange of 
technology between important decommissioning projects in Member countries. This concept of a 
"club" between a number of decommissioning projects exchanging information, expérience and 
posstbly, personnel, and carrying other fonns of co-operation as appropriate, rapidly obtained strong 
support from ail the Member countries having one or more important decommissioning projects under 
way or being in the process of planning such projects. 
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The negotiations between the NEA and the prospective participants were vigorously pursued 
and this led to the actual initiation of a Programme of co-operation between an initial set of 
participants (10 decommissioning projects from seven countries) during 198S, while the formal date 
of initiation of the first five-year term of the Programme was 18 September 198S. Since then, the 
Programme, which is carried out under the direction of the Radioactive Waste Management 
Committee, completed very successfully its first term and all the current participants 
(17 decommissioning projects from eight countries) unanimously agreed to extend the duration of the 
Programme by anodier five-year period commencing on 18 September 1990. Subsequently, two other 
Projects, the Tunney's Pasture Facility, in Canada and me Primary Separation Plant B204, in the 
United Kingdom, were included in die Programme, bringing die total to 19 participating Projects. 
A list of die participating projects and the main features is given in annex to the attached Agreement 
(Appendix). 
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2. The Programme 

During the discussions which led to the setting up of the Co-operative Programme for the 
Exchange of Scientific and Technical Information Concerning Nuclear Installation Decommissioning 
Projects, decommissioning managers from nine countries very soon agreed that the operational 
experience and data base needed for the future decommissioning of large commercial nuclear power 
plants could be more effectively obtained by sharing the knowledge drawn from a number of current 
national decommissioning projects. They also agreed that this kind of co-operation would be best 
achieved within the framework of a formal agreement sponsored by such an international organisation 
as the NEA. Such an agreement was, therefore, negotiated between 1984 and 1985 and entered into 
force on 18 September 1985, for a duration of five years. 

The basic scope of the Co-operative Programme involves an exchange of scientific and 
technical information between decommissioning projects. This includes project, descriptions and 
plans, data obtained horn research and development associated with participating projects, data 
resulting from the execution of project plans and lessons learned from such execution. Such exchange 
does also include technical visits to the participating projects. 

The participation in the Programme is relatively open; in fact, it is not limited to 
participants operating or planning important decommissioning projects, but institutions having a 
specific interest and possibly future plans in decommissioning are also admitted as observers. The 
status of observers is also granted to other institutions which, although do not manage 
decommissioning Projects, have by their function a specific interest in decommissioning research and 
development. This is the case of the international organisations active in this field and the 
International Atomic Energy Agency (IAEA) and the UNIPEDE are, therefore, involved in the 
Programme as Observers. Their presence serves the purpose of exchanging information and ensuring 
co-ordination in the respective programmes of international co-operation. 

There is, however, a difference between full participants and observers in the level and 
degree of access to the information exchange. The observers, in fact, have only access to a first level 
of exchanges including plans, strategies, rationale for the choice of approaches and methods, as well 
as information of a general nature. A second level, including detailed exchanges of specific data and 
other more in-depth forms of co-operation is reserved to the full participants. 

An interesting feature of the Agreement establishing the Co-operative Programme is that it 
allows for the setting-up, between two or more participants, of special arrangements to further enhance 
co-operation in fields of specific mutual interest. Such arrangements, three of which are currently 
under way, may cover such facilities as the availability of exchange of equipment, components and 
samples, the opportunity to conduct joint tests and the exchange of confidential and proprietary 
information. The Programme's governing body keeps a general supervision of the nature and scope 
of these special arrangements, but no participants other than the partners in a special arrangement can 
claim access to the actual data and other information exchanged within that arrangement. 

22 



For the implementation of the Co-operative Programme, the Agreement provided for the 
setting-up of a governing body and a technical body. The governing body, called Liaison 
Committee (LC), comprises representatives of all participants, including the observers, and is 
responsible for the general conduct of the Programme, including direction and supervision of the work 
programme, establishment of criteria for dissemination of the information exchanged or generated 
within the Programme, approval of changes in membership, etc. The LC serves also as tbe forum 
for review of topical technical issues cf general interest to the whole of the Programme. Reports on 
the topical issues discussed are listed at the end of this chapter. The Secretariat of the LC is ensured 
directly by the NEA Secretariat. 

Although technical discussions are held in the LC, especially on topics of generic interest, 
the bulk of the actual exchange of scientific and technical information concerning the participating 
Projects is carried out within the Technical Advisory Group (TAG), which is only composed of 
technical managers and other senior specialists from the participating Projects. The TAG operates 
as the mechanism for the detailed exchange of information between senior expens from the 
participating Projects. This exchange is ensured through periodic meetings, technical visits to the 
participating facilities and other forms of co-operation. The TAG operates under the general 
directives of and reports to the LC. Its links with the LC are ensured by the participation of the TAG 
chairman in the LC meetings. 

The machinery of the Programme appears rather complex and requires constant assistance 
for the implementation of arrangements and procedures necessary for an effective exchange of 
information under the Agreement. This need suggested the institution of a Programme Co-ordinator, 
responsible for ensuring mutual information and co-ordination between the LC and the TAG, 
maintaining records of the information exchanged and special arrangements set up by participants, 
and ensuring the technical secretariat of the TAG. During the five year period to which this report 
refers, the function of Programme Co-ordinator was ensured by an expert from Sweden. 

Besides establishing the scope and constitution of the Programme, its organs and 
responsibilities, the Agreement also sets forth the provisions and conditions to be applied in order to 
guarantee the protection of the information exchanged under its terms. Some of this information, in 
fact, is of proprietary or otherwise confidential nature. The obligation for the Programme to report 
regularly to the OECD Steering Committee for Nuclear Energy is also mentioned in the Agreement. 
This obligation is generally discharged through reporting to the NEA Radioactive Waste Management 
Committee, which initially launched and sponsors the Programme. 

The original Agreement established by the participants in 1985 was submitted to a limited 
revision at the end of the first term of the Programme. A few changes, mainly of a formal character, 
which were suggested by the experience made during the first term, were agreed by the participants 
in 1990 and the document attached as Appendix is the revised version of the Agreement. 
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CPD/DOC(89)6. 
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3 . Projects in the Co-operat ive P r o g r a m m e 

In this chapter, the projects participating in the Programme are described. The descriptions 
cover the principal characteristics of the facilities concerned, the features of the decommissioning 
programmes, the time schedule of the projects as well as the degree of achievement. 

The participating projects are listed overleaf in Table 3.1. As will be seen from the table, 
the programme covers 13 reactors and six fuel cycle facilities. 

The 13 reactors represent a wide selection of types and are: 

4BWRs; 
2PWRs; 
2PHWRs; 
1 H20-cooled/D20 moderated; 
1 Gas-cooled/D^O moderated; 
2 GCR/AGR; 
1 FBR. 

Of the 13 reactors, the following seven are to be decommissioned to Stage 3: 

2BWRs; 
2PWRs; 
1PHWR; 
1 Gas-cooled, D̂ O moderated; 
1 AGR 

Table 3.2 gives some more information on the projects. 
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Table 3.1. Projects in the co-operative programme 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

>. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

Facility 

Earachemk Reproceeewg Plant, 
Deeeet, Belgian 

BR-3, Mot. Bdgimn 

Oentilty-1, Canada 

NPD. Canada 

Rapaodfe, Cadereche, Franc* 

02, Marccwle, France 

ATI , La Hagae, France 

KKN. L a n d * * 
Federal RepeWic of Germany 

MZFR, Karlanhe, Federal 
Republic of Oermany 

KWL, Federal Republic of Germany 

Oarigliano, Italy 

JPDR, Tokai, Japan 

WAGR, SellefieM, United Kinfdom 

BFNL, Co-precipitation Plane, 
Sellafield, United Kingdom 

Shippinfpon, United State* 
of America 

We* Valley Dernowtretion Project 
United State* of America 

EBWR, United Statu of America 

Turney'* Picture Facility, 
Ottawa, Canada 

BNFL B204 Primary Separation Plant, 

Type 

Reproccaaing of feel 

PWR 

Heavy water moderated/ 
boiung fight water 
cooled prototype reactor 

PHWR CANDU prototype 

Expaiiuiental eodiwn 
cooled fact reactor 

OCR. Electricity and 
nuclear material* production 

Pilot fcproceariig plant for FBR 

Oai-cooled heavy water 
aVsOvCa^LawBO 

PHWR 

BWR (wim eaper-heater) 

BWR (dual-cycle) 

BWR 

AOR 

Production of mixed Pu 
and U0> fuel 

PWR 

ReproceMinf plant for 
LWRfuel 

BWR 

botope handlinf facility 

Rcproccwing Facility 

Operation 

1966-74 

I962-S7 

1967-S2 

I967-S7 

I967-S2 

19SS-S0 

1969-79 

1972-74 

1965-S4 

I968-77 

1964-71 

1963-76 

1962*1 

1969-76 

1957-S2 

1966-72 

1956-67 

1952-83 

1952-73 

D e c o - m W c ^ o p t i , 

Stage 3 

Stage 3 (Partial) 

Variant of Stage 1 

Variant of Stage 1 

Stage 2 

Stage 2 

Stage 3 

Stage 3 

Stage 3 

Stage 1 

Stage 1 for main 
containment 

Suae 3 

Stage 3 

Stage 3 

Sage 3 

StageS 

Stage 3 

Stage3 

Stage 2 
Sellefield, United Kingdom 

Note: The decommissioning options are defined according to the IAEA Classification (see IAEA 
Technical Report Series No. 230) 
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Table 3.2. Seme project characteristics 

na% 

I. 

2. BR-3. Mol. BelfJwn 

3. OnOOf-1, Caned* 

4. NPD. 

Rnronnins Plant, 

6. Q2, Metcoele, France 

7. ATI, La HtfM, Ranee 

I. «N,U**>*«t , Federal 

Repeblic of Oermany 

9. MZFR, Karterabe. Federal 
Republic of Germany 

10. KWL, Federal Republic 

ofOermaay 

II. Oari|Hano,Italy 

IX JPDR, Tokai. Japan 

13. WAOR, SeDafield, United KJnfdom 

14. BFNL, Co-precipitatioa Plant, 
SeOafield, United Knfdom 

15. SMpptafaorf, United State* 
of America 

16. Weet Valley Denonettatton Project, 
Unieed Stale* of America 

17. BBWR, United Stalee of America 

IS. Tumey's Parian Facility 

Power or 
tan-put 

300 kf# 

4IMWt 

250 MWe 

25 Mere 

20MWt 

250 MWt 

2ke/dey 

106 MWe 

50 MWe 

Project 
nan acale 

1909-2004 
(1987) 

1909-1990 

1984-1916 
(1986) 

1987-1918 

1983-1992 

1982-1993 

1982-1992 

-1994 

1984-2001 

Coot 

BF5 750M 

CS25M 

C$ 25.3 M 

PF 131.7 M 
(1919) 

PFI50M 
(1990) 

FF220M 
(19S9) 

DM 190 M 

DM 370 M 

Entry into 

1981 

1985 

1981 

1985 

1985 

19SS 

1985 

1989 

Remark* 

Execution by in-home 
etafl 

Inchding lone; term dry 
ctorage of epent fuel 

Mam contractor choeen 
by competitive biddrae. 

520 MWt 

160 MWe 

90 MWt 

100 MWt 

SOkgfi 

72 MWe 

100 t/y 

100 MWt 

1985-1988 

1985-1995 

1986-1993 

1983-1998 

1986-1990 

1985-1989 

1982-2024 

1986-1995 

L 65109 

Y 22.5-I09 

£58 M 

£2 245 k 
(1990) 

US$91J M 
(1990) 

USSM-IO* 

19S5 

1985 

1985 

1985 

1987 

1985 

1986 

1990 

Execution by in-howee 
eteff and subcontractors 

Exclude* TRU Waste 
Co»t* 

Main contractor choeen 
by competitive bidding 

Execution by tn-house 

1990-1994 CSI3M 1990 

team with cpeciet 
cub-contractor 

19. B204IVunery Separation metal 500t/y 1990-2005 MOM 1990 
Plant oxide 140 t/y 

Note: The cost data given in this table are not directly comparable owing to the fact that they refer 
to plants of different types, sizes and characteristics, to different decommissioning stages and 
to different time schedules for the execution of the projects. 
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3.1 Eurochennc reprocessing plant* Belgium 

The Eurochemic reprocessing facfi.y [Ref. 1], at the Mol-Dessel site in Belgium, was 
constructed in the early sixties (1960-1966). It was owned by a 13-nation consortium and went into 
active operation in July 1966 as a demonstration plant. Between 1966 and 1974, about 1801 of low 
enriched uranium fuel were reprocessed. One hundred and fifteen t of this was oxide fuel; die 
remaining quantity consisted of various kinds of test reactor fuel. Additionally, 30.5 t of high 
enriched uranium fuel have been reprocessed. 

After shutdown in January 1975, tbe reprocessing plant was decontaminated during tbe years 
1975-1979 for keeping it in a safe standby condition at a reasonable cost. The plant was then 
transferred in stages to Belgium and has been fully Belgian owned since 1983. Belgoprocess was 
established to take cbarge of tbe activities on site and became a subsidiary to NIRAS/ONDRAF at 
the end of 1986. 

As from 1987, the Eurochemic site is used as the centralised interim storage for all 
conditioned radioactive wastes, and is also gradually being used for centralised waste processing. For 
this, the site is being remodelled and many of tbe buildings that were erected for specific purposes 
will have to be dismantled. Among the buildings identified for dismantling during a first phase are: 

- the reprocessing plant itself; 
- its analytical laboratory; 
- the storage facility for the end products of reprocessing; 
- storage tanks for high and intermediate level liquid wastes. 

An aerial view of the Eurochemic site is shown in Figure 3.1 below. 

Preliminary estimates indicate that the dismantling of the above facilities will cost about 
5 750 BF (1987 value) and can be executed in 15 years (from 1987). The project is estimated to 
require 835 man-years. In both costs and manpower estimates, the benefit of the deconttunination 
works carried out by Eurochemic between 1974 and 1978 has been taken into account. 

Buildings 6A and 6B at the Eurochemic site have been emptied and decontaminated as a 
pilot project to check techniques and costs, as well as to train personnel before embarking on the 
dismantling of the major part of the Eurochemic plant. In order to demonstrate the feasibility of the 
general decommissioning strategy, the demolishing of the building and its removal from the site are 
included as project objectives. 

The buildings have been used for the storage of uranyl nitrate and spent solvents. All 
process equipment has been removed from the buildings. The floors, walls and ceilings have been 
decontaminated to background level. 

Monitoring for derestriction has been carried out twice by the Belgoprocess Health Physics 
Department and then by an independent organisation. 
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Figure 3.1. Eurochemic reprocessing plant 

All equipment, material and areas with contamination levels above background levels were 
considered radioactive. One hundred per cent of the surface area had to be monitored. Surfaces/areas 
that could not be monitored were considered radioactive. Materials monitored and found to be under 
the background levels could be disposed of without any restrictions. 

The total amount of wastes were within ± 20 per cent of earlier estimates. Some 60 per 
cent of the metallic and concrete waste has been disposed of as nonactive. In the case of metallic 
waste, chemical decontamination methods contributed significantly to the releasable fraction. Both 
buildings 6A and 6B have been withdrawn from the controlled area. 

After withdrawal from the controlled area, the final steps in the pilot decommissioning 
project are the demolition of the two buildings, the removal of the demolition waste to an industrial 
dumping ground for wastes, and the restoration of the green field. These final steps were complicated 
by the lack of regulations in Belgium for unrestricted reuse or uncontrolled dumping of material from 
radioactive sites. So evidence had to be supplied based on other decommissioning projects and on 
the recent recommendations within the European Community such as: 

- removable alpha surface contamination < 0.04 Bq/cm2; 
- removable beta-gamma surface contamination < 0.4 Bq/cm2; 
- total specific beta-gamma activity < 1 Bq/g (mean value over an arbitrary mass of 

1000 kg with an individual maximum of 10 Bq/g). 
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The results of the multiple 100 per cent surface measurements in the two buildings and the 
additional controls (gamma spectrometry and total alpha and beta measurements) on selective core 
samples taken showed that the requirements of the first two criteria were met and that the third 
criterion limited to the core samples was also complied with. Measurements and statistical 
evaluations confirmed in a conservative fashion that the alpha and beta contaminations in the 
remaining building structures indicated sufficiently low specific and surface activities for demolition 
and removal to an industrial dumping ground. 

3.2 BR-3 Reactor, Belgium 

The BR-3 '" located at Mol, Belgium, was a Pressurised Water Reactor plant with a power 
output of 40.9 MWt, 11.7 MWe [Ref. 2]. BR-3 was the first European PWR power plant and the 
second power plant built by Westinghouse. This plant has been operated during 25 years, from 1962 
to 1987, mainly as a test bench for advanced PWR fuels. A view of the reactor is shown in 
Figure 3. 

Figure 3.2. BR-3 reactor 
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The power plant has one steam generator and two pumps. Decommissioning of the reactor 
vessel, the primary loop and associated systems to a stage 3 status is planned. One feature of the 
BR-3 programme is that the primary loop will be chemically decontaminated prior to dismantling. 
Segmentation of the reactor internals will follow. 

For the segmenting of the reactor internals, two main techniques will be compared: 
mechanical cutting with milling discs and plasma arc torch; these two methods are very different as 
far as mechanical effort and secondary wastes are concerned; the electroerosion technique will be 
used to cut some pieces of particular shape or difficult access and will also be developed and kept 
on stand-by for the segmentation of the internals, should the mechanical cutting fail. 

The segmenting of the reactor internals is planned to be completed by the end of 1993. 

3.3 Gentilly-1, Canada 

Gentilly-1 was a heavy-water moderated, boiling light water cooled prototype reactor, which 
was shut down in 1979 after 15 years of operation [Ref. 3]. 

The object of the decommissioning project at Gentilly-1 was to place the facility in a "static 
state" - a variant of the "storage with surveillance" state. At the end of the project, the site license 
was amended and it became the Gentilly-1 Waste Storage Facility. A view of the reactor and other 
buildings is shown in Figure 3.3. 

The decommissioning project was started in 1984 and completed on schedule in 
March 1986. A major part of the work was in connection with the dry fuel storage facility, where 
all fuel irradiated during the operating life of the station is stored in above ground concrete canisters. 
The Service Building has been cleared of all installed equipment and decontaminated, as also part of 
the Turbine Building. 

Low level waste generated during the decommissioning project is stored in designated areas 
of the Turbine Building. Other active waste is stored in the Reactor Containment Building, which 
is sealed, allowing only authorised entry. 

The cost of maintaining the Gentilly-1 site before the decommissioning project was 
C$ 10 million/year since 1979, when it was shut down. The decommissioning project cost was 
C$ 25 million over two years. The expected cost of maintaining the "static state" plant was 
C$ 0.5 million/year. 

3.4 The Nuclear Power Demonstrator (NPD), Canada 

The NPD was the 25 MWe prototype for the CANDU type of reactor [Ref. 4], The 
decommissioning alternative chosen was the same as for Gentilly-1, i.e. "static state". 

The decommissioning project started in September 1987. All nuclear systems were drained 
and sealed. All fuel was shipped off site for storage in dry canisters at Chalk River Nuclear 
Laboratories. Operational wastes, such as tank sludges, were solidified and shipped to Chalk River 
for disposal. In the static state, there are some 2•l()', Bq on site, mostly in the rcaclor vessel. 
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Figure 3.3. (Jentilly-1 

The plant has been divided into zones as follows: 

original 
color illi 

- the containment area with radiation fields > 25 microsievert/h; 
- the containment access areas with significantly less radiation fields; these areas will be 

entered more often for surveillance. Non-fixed contamination has been removed. 
- the unrestricted access areas with radiation fields less than 2.5 microsievert/h; these 

areas have been thoroughly decontaminated. 

Static state was implemented in August 1988. Site security is monitored remotely from the 
Atomic Energy of Canada Limited Chalk River Nuclear Laboratories, 40 km away, and complemented 
with periodic on-site inspections. With the establishment of the static state, the annual maintenance 
costs are expected to be C$ 0.3 million, compared to C$ 14 million before decommissioning. The 
NPD decommissioning project was budgeted at C$ 18.5 million. Figure 3.4 shows the reactor facility 
from the outside. 

original contains 
color illustrations 
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Figure 3.4. NPD 

3.5 Rapsodie, France 

The sodium-cooled FBR Rapsodie [Ref. 5] had a power of 20 MWTh when taken into 
criticality in 1967. Following extensive modifications in 1970, the maximum power was raised to 
40 MWTh. After the discovery of a microleak in the primary system in 1978 and a second and larger 
leak in 1982, the reactor was finally shut down in 1983. During its operative years, it had served as 
a test bench for equipment and an irradiation facility for materials and fuel. 

The original decommissioning plans had included a programme of non-destructive 
examinations and sampling of the reactor vessel, grid-plates, internals, etc. It was later decided, partly 
for budget reasons, to postpone the sampling. 

The current decommissioning project covers mainly the decontamination and dismantling 
of the two primary loops outside the reactor block, which will then be sealed and confined as such 
(a stage 2 decommissioning). 

For this the fuel and blanket assemblies have first been removed from the core, washed and 
then sent to Marcoule for reprocessing. The Nickel and stainless steel sub-assemblies have been 
removed from the reactor vessel and transported to a disposal site in Cadarache for interim storage. 

The reactor vessel is now empty, except for the core support and neutron shielding. The 
sodium in the primary system has been drained. The system has been washed with ethylglycol and 
decontaminated. 
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The decontamination method was a nitro-sulphuhc acid process with the addition of Cerium 
IV that was chosen after earlier tests at the Grolabo pilot facility. 

The isolation of the reactor vessel is expected to be authorised by the safety authorities soon. 
It is planned to destroy some 30 t of contaminated sodium using a newly developed process. As this 
was not part of the original planning, the project will continue for an extra year and be terminated 
in 1992. 

An overall view of the plant is shown in Figure 3.5. 

electro-mechanical building 

Figure 3.5. Rapsodie - Overall view of the facility 
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3.6 AT-1, France 

AT-1 t2) was a pilot plant for the reprocessing of mixed oxide fuel elements from Rapsodie 
and, to a lesser extent, from Phenix [Ref. 6]. The plant had a throughput of 2 kg/day. AT-1 is to 
be decommissioned to a Stage 3 status, which will release the building for unrestricted reuse. 

Reprocessing at the AT-1 was by the PUREX process which had several steps: 

a dissolver step where the fuel pins were dissolved in acid; 
- an extraction step where the uranium and plutonium in the acid solution were separated 

from the fission products; 
- a concentration step, where the uranium and plutonium were concentrated and calcined 

to oxides. 

The process steps up to the separation of the fissile material from the fission products 
resulted in the process equipment becoming highly contaminated with beta-gamma emitters and so 
were performed in heavily shielded "hot cells". The later steps in the process took place in glove 
boxes that became contaminated by alpha emitters. 

For dismantling of the lightly shielded cells and glove boxes, a reusable modular alpha-tight 
workshop was built. It has been used to dismantle the unshielded alpha contaminated ceils and die 
glove boxes for the separation/recovery of fissile material. 

For decommissioning the hot cells, a remote controlled machine (the ATENA) has been 
designed and built. The ATENA has been installed on the floor of the dismantled accessible hot cells, 
from where it will use its 6 m long articulated arm for dismantling inaccessible "blind" hot cells. A 
sectional view of the ATENA in place is shown in Figure 3.6. 

The decommissioning project, which was started in 1981, is on schedule and is due to be 
completed in 1992. 

3.7 G2, France 

G2 was a 250 MWt (50 MWe) gas-cooled plutonium production reactor that operated 
between July 1958 and February 1980 [Ref. 7]. The graphite core has 1 200 horizontal channels for 
metallic uranium fuel and 51 vertical channels for control rods. A sectional view of the reactor is 
shown in Figure 3.7. 

The core, with reflector and shield plates, is located within a prestressed concrete pressure 
vessel, while the four steam generators and associated primary cooling circuits are outside the pressure 
vessel. This arrangement has made the plant suitable for Stage 2 decommissioning, where the 
external cooling circuits and steam generators will be decontaminated and dismantled, while the core 
and other internals will be enclosed in the concrete pressure vessel. The disposal of the 1 200 t of 
core graphite will be studied at a later date. 

The on-going decommissioning project is thus mainly concerned with the decontamination, 
dismantling and recycling of material from the external circuits, consisting of about 2 500 l of steel 
with an average specific contamination of about 33 Bq/cm2. 
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Figure 3.6. AT-1: dismantling the hot cells 

In-situ decontamination has been tested on a pilot zone of piping, sections of which where 
later cut out and inspected for release in a specially built low activity level scanner. The procedures 
and machines fulfilled their functions qualitatively. The costs for these operations were, however, 
much higher than originally anticipated. 

Alternatives to decontamination are now being studied, the most promising one being 
melting, which would allow ingots to be classified as follows: 

- for free release; 
- for release with restricted use; 
- for intermediate or permanent storage. 

A project has been defined combining the rest of the work on G2 together with the 
decommissioning of G3 (a twin reactor in a concrete pressure vessel) with the reference technique 
of melting. This project is planned to be executed by the end of 1993. 
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Figure 3.7. The G2 reactor 

3.8 Kernkraftwerk Niederaichbach (KK.N), Germany 

KKN Niederaichbach was a 100 MWe gas-cooled heavy water moderated reactor that 
operated from 1972 to 1974. After it was shut down in 1974, a "safe enclosure" license was issued 
in 1981. 

Meanwhile, an application for a license for total dismantlement had been filed in 1980. 
After many years of litigation, including objections by intervenors, public hearings and appeals, 
permission was finally granted to start work on site at the end of June 1987. 

Even (hough the station operated only for a short period, the contaminalion level in the 
primary system is not significantly less than in stations that have operated much longer. 

The turbine and condenser have been removed and are now operating at a coal-fired station. 
The turbine house is being used as a buffer storage facility for decommissioning waste. 
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Meanwhile, some 700 t of inactive material have been removed. Furthermore the 
dismantling of all contaminated components, altogether approximately 1 000 t cf carbon and stainless 
steel, has been accomplished in February 1990. These operations have been carried out manually. 

Dismantling of the vertically oriented pressure tube reactor will take place from the inside 
outwards under dry conditions using a high-precision remotely operated rotary mast-type manipulator. 
The shop tests have successfully been completed of the manipulator together with some 40 different 
cutting or manipulation tools. The installation of an additional internal containment inside the reactor 
containment accommodating the manipulator with accessories as well as the installation of the 
equipment for the handling and packing of the removed parts commenced in the first quarter of 1990. 
Work also started on the shielded control room. The remote dismantling of the reactor started in 
October 1990. It is planned to be completed by January 1992. 

The removal of the inner layer of the activated concrete of the biological shield with 
explosive methods will take place during the first half of 1992. All dismantling operations should 
be completed in early 1994 after which the entire site will be released for unrestricted use. 

A vertical section through the KKN Niederaichbach reactor is shown in Figure 3.8. 

Safety containment 

Rotating crane -
Rotating 
manipulator 

Reactor building 

Fuel element lock 

Pressure tube 

Moderator tank 

Steam generator 

Emergency 
moderator tank 

Figure 3.8. Niederaichbach: reactor building 
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3.9 Mehrzweckforschungsreaktor (MZFR), Germany 

The MZFR was a 200 MWt (50 MWe) PHWR that operated at the Kernforschungszentrum 
Karlsruhe from 1965 to 1984. Figure 3.9 is a view of the reactor and other buildings. 

The activity inventory in the activated materials and contaminated surfaces has been 
estimated to be 1017 Bq, including that in the heavy water vapour in the circuits and the tritium in the 
lagging materials. 

The decommissioning of the plant to stage 3 will take place in five steps, each step being 
defined by a license. 

After shut down, the fuel was removed and D20 systems were drained undcr the operational 
license. 

Figure 3.9. MZFR: reactor building 
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The first license covered the securing of the systems out of operation (both reactor and 
auxiliaries), draining and drying (at raised temperature) of D20 systems outside the reactor building 
and preparations for simplifying the control systems. These activities were completed in 1989. 

The second license, which was granted in April 1990, covers the shutting down of redundant 
systems, hot drying of D20 systems inside the reactor building and some simplification of the 
facilities. 

The third license will cover the dismantling of the reactor systems in the auxiliary buildings. 
The fourth license will cover the dismantling of the systems in the reactor building. The fifth and 
final license will deal with the remote dismantling of the pressure vessel, its internals, the biological 
shielding and, finally, the demolishing of the buildings. The stage 3 decommissioning is expected 
to be accomplished by the year 2001. 

3.10 Kernkraftwerk Lingen (KWL), Germany 

KWL Lingen was an indirect cycle 520 MWt BWR with oil-fired super-heat that operated 
from 1968 to 1977, when the steam converters had to be replaced. Considering the economic risks 
associated with the replacement and subsequent relicensing, the owners decided to decommission the 
plant. A view of the reactor and auxiliary building is shown in Figure 3.10. 

An application to place the plant in a "safe enclosure" status (Stage 1) was filed in 
1983 [Ref. 8]. A permit to proceed was granted in 1985. During 1987, the activities to place the 
nuclear part of the plant in the "safe enclosure" status were completed, and a license as such was 
granted at the end of March 1988. 

The license is valid for 25 years. There is no fissile material on site. All systems are 
drained. Ion exchange resins are stored in tanks in a drained but unconditioned state. A small 
ventilation system with some instrumentation is in operation. Access will be limited by security 
measures. 

The safe enclosure status for KWL Lingen is essentially as follows: 

- The safe enclosure consists of the reactor building, the waste treatment building and the 
building interconnecting them. 

- All pipes from the safe enclosure are cut and sealed. 
- All openings from the safe enclosure are closed, shut and sealed, except for one door. 
- All liquids have been drained from the systems. 
- A small air conditioning plant has been installed to keep the air between 30-50 per cent 

relative humidity. 
- A small exhaust system has been installed for the controlled release of air, which is 

filtered and monitored. 

A co-operative programme has been established with Euratom to evaluate the leakage of air 
(and consequently, activity release) from the complete safe enclosure, with and without the ventilation 
system in operation. Parameters of interest as temperatures, pressures and relative humidity in the 
enclosure are also being recorded. 
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Figure 3.10. KWL Lingen 

3.11 Garigliano, Italy 

The Garigliano Nuclear Power Plant was a 160 MWe dual-cycle BWR that started 
commercial operation in 1964. It was finally shut down in 1978. 

The decommissioning project [Ref. 9] includes: 

- placing the reactor containment with its contents in a Stage 1 decommissioning status; 
- dismantling and melting or decontaminating to releasable levels the contaminated 

equipment and facilities in the turbine and other buildings. 

A view of the reactor containment is shown in Figure 3.11. 
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Figure 3.11. View of the Garigliano reactor containment 

AH fuel elements were transported off site during 1985-87. Qualification tests were 
performed on the cement solidification of resins, sludges and concentrates. The results of these tests 
were submitted to the authorities for approval. Approval has been delayed, partly due to the 
difficulties of defining the characteristics of a final repository. 

Feasibility studies had been carried out on the 1900 t of metallic waste in the turbine and 
other buildings that could either be decontaminated or melted after limited decontamination. 
However, after the referendum on nuclear energy in November 1987, it was considered likely that the 
turbine would be reused with a non-nuclear steam source. 

It has later been decided that the 160 MW turbines at Garigliano will not be reused with 
non-nuclear steam production. As of June 1990, no decision on decontamination and melting had 
been taken. 
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3.12 Japan Power Demonstration Reactor (JPDR), Japan 

The JPDR was a 90 MWt (initially 45 MWe) BWR that was in operation between 1963 and 
1976 [Ref. 10]. The decommissioning programme was started in 1981 in order to: 

- gain actual experience on dismantling; 
develop/demonstrate decommissioning techniques; 
obtain data on various aspects of decommissioning such as: 
• radiation exposures/activity release; 
• waste generation; 
- system engineering, including costs. 

An overall view of the site of the JPDR reactor is shown in Figure 3.12. 

During the first five years of the decommissioning project, an extensive research and 
development programme was carried out and a decommissioning plan prepared. Decommissioning 
on site started in 1986, together with large mock-up tests on various techniques such as plasma arc, 
arc saw, shaped explosives, disc cutters, robotic manipulators, etc. 

Figure 3.12. .JPDR site 
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During 1987, peripheral equipment and systems around the reactor were removed. During 
the same year, the dump condenser building was cleared for use as a temporary waste storage building 
during the decommissioning of the rest of the plant. 

Nineteen eighty eight saw the removal of the reactor internals with a plasma arc torch, first 
held by a remotely operated robot manipulator and later, during 1989, held in a mast-type tool holder. 

The various pipes connected to the reactor vessel have been cut using shaped explosive 
charges and disc cutters. The arc saw to segment the reactor vessel has been installed and 
functionally tested. The vessel was segmented during the summer of 1990. Finally, the biological 
shield and the reactor enclosure will be demolished. The project is expected to be completed in early 
1993, with landscaping as the final project activity. 

3.13 Windscale Advanced Gas-Cooled Reactor (WAGR), United Kingdom 

The WAGR <J> was a 100 MWth reactor that operated between 1962 and 1981 [Ref. 11]. 
A view of the reactor is shown in Figure 3.13.1. The reactor was shut down finally and depressurised 
in 1981 and defuelled in the period up to the end of 1983, thus initiating its decommissioning, which 
is being run as a demonstration project for United Kingdom reactors. The defuelling has changed 
WAGR's licensing status, being moved down from "nuclear reactor" to a lower status of "active 
facility", thus reducing operating costs. 

Figure 3.13.1. The Windscale advanced gas-cooled reactor 
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The high specific activity vessel internals will be dismantled by a remotely controlled 
centrally placed dismantling machine. A waste packaging building has been erected adjacent to the 
reactor containment. Two of the four heat exchangers have been jacked up 12 m to allow the 
establishment of a direct waste route from the reactor cavity to the waste packaging building. 

All removable operational waste has been processed to segregate low-level (LLW) from 
intermediate-level wastes (ILW), with LLW to be disposed of at the United Kingdom National LLW 
repository. ILW items have been size-reduced in shielded facilities. Altogether nearly 1 000 items 
are now stored in the reactor for subsequent transfer to the waste packaging building. These are the 
pieces from some 240 neutron shield plugs, 260 arrestor mechanics, and 20 control rods. 

It had originally been planned to sea dump the heat exchangers. Current plans are to 
decontaminate them instead and to cut them up using hands-on techniques with consideration being 
given to the possibility of recycling the material for further use. The superheater section of one heat 
exchanger was subjected to a trial decontamination in 1989, using a low volume, dilute acid spray 
technique. 

The remote manipulator has been received and is undergoing acceptance and development 
trials. 

The 470 t Refuelling Machine (Figure 3.13.2) has been dismantled with the waste disposed 
of as LLW or reusable steel scrap. 

The top bio-shield of the reactor comprising the central 55 t section and twelve supporting 
segments, 140 t in all, has been removed, cut up and disposed of as LLW. 

The decommissioning project was originally planned to achieve a Stage 3 status by 1996. 
However, during 1988, the Central Electricity Generating Board withdrew the partial financial support 
it had been making. The technical and financial planning of the project had to undergo an extensive 
review. Some activities had to be postponed. The completion date for the project as a whole will 
be approximately 18 months later than originally planned. 

3.14 British Nuclear Fuel Limited (BNFL) co-precipitation plant, United Kingdom 

The BNFL co-precipitation plant [Ref. 12) was part of the fuel reprocessing operations at 
the Sellafield site and produced a mixed powder of Pu02U02 for the first fuel charge for the Dounreay 
PFR. The plant was in operation between 1969 and 1976. This stage 3 decommissioning project, 
like the WAGR project, is also being run as a pilot project, for acquiring data on the 
decommissioning of fuel facilities. 

The first decommissioning activities were the post operational clean out and the dismantling 
of the wet chemistry suite. Some 130 1 of flushing liquor containing 900 g of plutonium and 1 400 g 
of uranium were reprocessed. 

In the initial cleaning of the dry powder facilities, about 20 kg of mixed oxides were 
recovered during the removal of 900 kg steel balls from the Ball Mill. 
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Figure 3.13.2. Dismantling the WAGR refuelling machine 

The next main operation was the removal of the Ball Mill from its glove box containment. 
This was the first application of the reusable modular containment (RMC) and demonstrated many 
of its advantages over a PVC-tent arrangement. 

Subsequent removals have included the powder transfer equipment as well as the furnace 
suite. For the latter, a flexible PVC enclosure was used instead of the RMC, thus allowing a 
comparison of the two procedures. In addition, the geometrically safe Pu/U nitrate storage tanks have 
been dismantled and the removal of the remaining glove boxes is programmed for completion in 
October 1990. 

Strippable coatings have been used as a protective pre-coat on RMC panels before 
radioactive work or as a tie-down coat to fix loose activity. This has also simplified the final clean
up. Small-bore pipe-work has been dealt with without loss of containment by means of 
crimping/shearing tools (Figure 3.14). 

The original programmed completion date was late 19H8, compared to October 1990 now 
expected. The principal reason is associated with prolongation of R&D activities to maximise the 
opportunities presented by the plant's availability as a pilot project. However, some unplanned delays 
resulted from the following: 
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a) a greater than expected fissile material hold up necessitating further cleaning, extra 
criticality control constraints and reduced labour productivity due to radiation dose 
restrictions; 

b) extra work and delays from the need to modify planned dismantling methods as some 
differences between the drawings and the plant were discovered; 

c) a lack of supporting services labour resources when priority had to be given to 
Production Operations; 

d) maintenance work at the site effluent system in 1990, which prevented work in the 
project. 

The final cost is anticipated to be £2 245 k compared to the originally estimated £2 033 k 
(both 1989 money values) excluding TRU treatment and disposal costs. The increase in anticipated 
final cost of £212 k is attributable to labour costs for the extra dismantling required offset by some 
savings on Plant and Equipment. 

Figure 3.14. BNFL co-precipitation plant: crimp/shearing in progress 
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3.15 Shippingport, United States of America 

The Shippingport Atomic Power Station was constructed during the mid-1950s under the 
Eisenhower Atoms For Peace Program. The station achieved criticality in December 1957 and was 
operated by a public utility, Duquesne Light Company, under supervision of the United States 
Department of Energy-Naval Reactors until operations ceased in October 1982. The station's 
nominal power output was 72 megawatts electric. Over the operating life of the station there were 
3346.8 effective full power days and the total gross generation was 7 374 gigawati hours. 

The mission of the Shippingport Station Decommissioning Project was to make the nuclear 
portion of the station safe from a radiation standpoint following termination of plant operations [13]. 
Conceptual and detailed engineering for the decommissioning project was completed in 1983. The 
plan was to decommission the plant to stage 3. The physical decommissioning consisted of the 
demolition and disposal of 26 various fluid and electrical systems before the buildings could be 
demolished. In all, about 17 100 m of contaminated piping and 16 800 m of non-contaminated 
piping, and 1300 tanks were removed. The Reactor Pressure Vessel/Neutron Shield Tank assembly, 
which measured 12.5 m high by 5.4 m in diameter, transported by barge 13 525 km in 44 days to the 
burial site. The total radioactivity removed was 6.1410'4 Bq, cf which 6.09-10'4 were contained 
in the reactor vessel. Total project radioactive waste volume disposed of was 6 057 m3 weighing 
approximately 4 185 t. Also 11 470 m3 of non-contaminated rubble was created during building 
demolition and was used to backfill the below grade reactor building enclosures. 

Figures 3.15.1 and 3.15.2 show the site before and after decommissioning. 

The decommissioning project was organised as a demonstration of the safe and cost-effective 
dismantling of a commercial scale nuclear power plant with subsequent return of the site to the owner. 
A large number of subcontractors were utilised in order to increase the technology base and 
experience. 

Physical work on decommissioning the Shippingport reactor started on site in 
September 1985. All physical decommissioning work on site was completed on July 1989, about six 
months ahead of schedule. The total project cost was US$91.3 million, US$7 million less than the 
estimated US$98.3 million. The approval for release of site was issued in December 1989. 

The total personal exposure was 1.55 manSv to be compared with an estimated 10.07 manSv 
in the original decommissioning plan. 

A major feature of the decommissioning was the one-piece removal of the reactor vessel and 
its shipment by barge to the Hanford Reservation in the Slate of Washington. The low radiation 
levels of the plant and the low burial costs at the government owned burial ground were advantages 
which may not apply to the decommissioning of large commercial plants. Future decommissioning 
projects will have to perform careful studies evaluating decontamination and volume reduction versus 
burial costs. Figure 3.15.3 shows the reactor vessel package. 
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Figure 3.15.1. The Shippingport site before decommissioning 

Figure 3.15.2. The Shippingport site after decommissioning 
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Figure 3.1S.3. Reactor vessel package 

3.16 West Valley, United States of America 

The Western New York Nuclear Service Center at West Valley, owned by New York State, 
was the only commercial facility for reprocessing of spent nuclear fuel to operate in the United States. 
In 1972, the plant was shut down for expansion, but increased requirements for structural safety, 
environmental considerations, changes in the economics of reprocessing, and a Federal decision 
against further civilian reprocessing all contributed to the operator deciding to abandon the facility. 
The New York State appealed to the Federal government for help, which took the form of the West 
Valley Demonstration Project (WVDP) Act (1980). 

The mission of the WVDP [Ref. 14] is to demonstrate the conversion of 2 000 m3 of high 
level nuclear reprocessing waste to durable glass. The waste is 90 per cent liquid and 10 per cent 
sludge and will result in 300 borosilicate glass filled canisters. 

The part of the WVDP that was offered to the Co-operative Programme is the 
decontamination and decommissioning activities within the project. The most significant of these has 
been a two and a half year programme to clean up the chemical process cell (where spent nuclear fuel 
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was dissolved during reprocessing). The cleaned up area will be used as intermediate storage for the 
borosilicate glass canisters before shipment to their final repository. 

Due to financial difficulties resulting from an increase in costs for the first phase of the 
project, much of the originally planned decontamination and decommissioning work has been 
postponed. All available funds are to be used for high level waste vitrification tasks. 

Figure 3.16 shows an aerial view of the West Valley site. 

Figure 3.16. West Valley site 

3.17 Experimental Boiling Water Reactor (EBWR), United States of America 

The EBWR, located at Argonne National Laboratory near Chicago, was built as a test 
reactor to demonstrate the feasibility of using a direct cycle boiling water reactor as a heat source for 
a power plant [Ref. 15]. Its power output of 20 MWt was increased later to 100 MWt. Over the life 
of the power plant there were 3926.6 effective full power days and ihc total gross generation was 
450 000 megawatt hours. A view of the reactor containment is shown on Figure 3.17. 

The plant was operated as a boiling water reactor experiment between 1956 and 1962. After 
a brief interval, the plant was utilised in support of the Atomic Energy Commissicf 's Plutonium 
Recycle Program, and was loaded with a core containing plutonium fuel. This operation went on 
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until July 1967 when the plant was shut down permanently. All fuel was removed from the reactor, 
all process systems were drained and the plant was placed in a dry lay-up condition. 

The current project will remove all radioactive material from the site, decontaminate and 
remove all components and release the building for unrestricted reuse. 

One interesting feature of the project is the planned segmenting of die 63 mm thick reactor 
pressure vessel. The method chosen for segmenting the vessel is high pressure abrasive water jet 
cutting. 

The project was begun in 1986 and is expected to be completed by 1995. All plant systems 
have been dismantled and removed. Work is now in progress for removing the control rod drives 
from the reactor vessel. The reactor internals will then be segmented. Sampling for making a 
radioactive inventory is in progress. 

Figure 3.17. EBWR 

3.18 Tunney's Pasture Facility, Canada 

The Tunney's Pasture Facility in central Ottawa was used for receiving, handling and 
shipping radioactive isotopes. The facility was shut down in 1985. The current project is a Stage 3 
decommissioning of the facility and involves the removal of all radioactive materials as well as 
hazardous material so that the buildings can be used without radiological restrictions. 
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A preliminary radiological survey has been carried out for defining the type, amount and 
location of radioactive contaminants in the licensed area. It is planned to start with the most 
contaminated areas in order to reduce the risks of recontaminating cleaned areas. 

The project was established on 1 April 1990 and is planned to be completed by 1994. One 
of the first project activities will be the shutting and blanking off of the existing ventilation system. 
This will be replaced by portable units with HEPA filters. The decommissioning of the fan rooms 
on the second floor will then commence. 

Plasma torches will be used for the removal of metallic ceil liners and contaminated concrete 
surfaces will be scarified and vacuumed. The clean up will be to such a level that the general 
radiation field measured 1 m from any surface is not more than 5 fiR/h above natural background. 

A general view of the buildings at Tunney's Pasture is showing in Figure 3.18. 

Figure 3.18. Tunney's Pasture Facility 

3.19 BNFL B204 primary separation plant, United Kingdom 

The B204 building was originally built as the primary separation plant for uranium metal 
fuel reprocessing. It had four high active cells for first stage separation after which the liquors were 
transferred to two medium active cells. 

The plant started operation in 1952. When a new Magnox reprocessing plant became 
available in 1964, the B204 was rendered redundant. The south cells were converted to reprocess 
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oxide fuel. Some 91 t of oxide fuel were treated up to 1973 when a major release of activity 
occurred into the operating area. Plans to reuse the facility in a limited fashion were not implemented 
and it was placed in a "surveillance and maintenance" condition. It was not washed out since the 
abandoned fuel reprocessing campaign in 1973 when operations were terminated. 

The building consists of a reinforced concrete process cell about 60 m high on which is a 
ventilation chimney which rises another 60 m. Around the process shell is an 11 storey steel frame 
building. All six cells are open for the full height with process vessels and pipes supported on steel 
joists. No two cells are similar in layout or in radiological conditions. 

Before decommissioning as such, a post operational clean out is planned for the Head End 
Treatment Plant and associated liquor storage tanks. For decommissioning, the plant will be divided 
into work packages for which methods of decontamination, dismantling, handling, etc. will be 
considered. 

The project is in its early stages. Preliminary design work is going on. The costs are 
estimated to be of the order of £80 million. The project is due to be completed in the year 2005. 
Figure 3.19 is a view of the B204 building with its tall ventilation chimney. 

Figure 3.19. B204 primary separation plant 
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Notes 

1. This is one of the four pilot dismantling projects selected by the Commission of European 
Communities for its third five-year plan (1989-1993) of R&D on the decommissioning of 
nuclear reactors. (Page 30) 

2. This is one of the four pilot dismantling projects selected by the Commission of European 
Communities for its third five-year plan (1989-1993) of R&D on the decommissioning of 
nuclear reactors. (Page 35) 

3. This is one of the four pilot dismantling projects selected by the Commission of European 
Communities for its third five-year plan (1989-1993) of R&D on the decommissioning of 
nuclear reactors. (Page 44) 
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4. Progress in Selected Areas 

The projects in the Co-operative Programme have very varied characteristics and cover 
various types of reactors as well as reprocessing plants. The type of information produced in the 
various projects differ widely due to this and also because of the different prevailing circumstances 
and needs at the various sites. In this chapter project experiences with certain technologies are 
described. The following areas are treated: 

- assessment of activity inventories; 
- decontamination; 

cutting techniques; 
- remote operation; 
- radioactive waste management; 
- health and safety. 

Naturally, all projects do not have experiences to report in all areas. Some projects are 
relatively new in the Programme and so have no significant information to convey yet. Examples of 
such projects are the Bfc-3, MZFR, EBWR, Tunney's Pastures and B204 projects. 

Other projects have produced little or no significant information in certain areas for reasons 
like the following: 

- Stage 1 projects do not generally generate much information on cutting methods, remote 
operation or waste management. 

- Some fuel facility projects do not yield information on the cutting of concrete. 
- The time scheduling of some projects is such that significant information has not yet 

been produced in certain areas. 
- The West Valley Project has not done any decommissioning activity for many years. 

4.1 Assessment of activity inventories 

Activity inventories are needed for decommissioning planning, waste categorisation, waste 
transportation and safety assessments. Indeed, estimates of inventories are generally a required 
chapter of the application document to be submitted to the licensing authorities for decommissioning. 

Experiences have been reported from eleven projects: 

- Rapsodie; 
- G2; 
- ATI; 
- Niederaichbach; 
- MZFR; 
- Lingen; 
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- Garigliano; 
- JPDR; 
- WAGR; 
- BNFL Co-precipitation Plant; 
- Shippingport. 

4.1.1 Rapsodie and G2 

An assessment of the radioactivity present in the cores of the G2 and Rapsodie reactors was 
made before work began. For Rapsodie, the calculations were based on equivalent thermal fluxes. 
The following average values of specific activity were calculated: 

Neutron shields 3 MBq/g 
Shielding concrete 0.2 MBq/g 

For G2, core drilling was carried out in the maximum activity zone in order to take concrete, 
steel and graphite samples for analysis. Direct measurements were also made through secondary 
CO2 pipes. The measurements gave the following specific activity values: 

Thermal shields 100 kBq/g 
Graphite IS kBq/g 

Comparisons showed that using a complex calculation code led to results which were less 
accurate than calculations based on measurements made in-situ and application of transfer functions. 

4.1.2 AT-1 

Using gamma photography in the hot cells of ATI enabled a good knowledge to be acquired 
of the radiological conditions of the various zones to be dismantled. It would be desirable, however, 
to be able to have the results available immediately, i.e. direct radiation mapping. 

4.1.3 Niederaichbach 

Activity inventory was calculated prior to applying for the decommissioning license, based 
upon the neutron flux and the operating time. Samples were taken from selected sections of core 
internals and the biological shield, the results of which were in good agreement with the calculations. 

The approximate composition of radioactivity in the core section is 75 per cent Co60, 6 per 
cent Ni63 and 18 per cent Fe55. The specific activity of activated core components is roughly "i-\Q? 
Bq/g. In addition, it was recently discovered that certain wall areas in the close vicinity of the reactor 
had not been included in the original appraisals. An extensive sampling programme is to assess the 
related activity inventory. 

The total activity inventory as the time of shut down was estimated at about 7.4-10" Bq 
which by the recently detected additional inventory will only be exceeded marginally. 
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Contamination 

The contamination inventory was also estimated by calculation. The sampling and 
measuring programme which had been carried out prior to dismantlement confirmed the calculated 
assessment to a great extent. The total inventory is about 7.4-1010 Bq. The composition of this 
inventory basically reflects the one observed at the appraisal of the activation inventory. 200 Bq/cm2 

were calculated for contaminated parts. 

Tritium contamination 

Although the systems had been drained thoroughly, traces of tritium were found during the 
course of dismantlement. Since tfO left in the primary systems has mainly been found in crevices 
and voids at low spots, a proper appraisal of the remaining tritium inventory could not be made. For 
safety reasons tritium monitoring facilities had to be installed in the air ventilation system. A quantity 
of about 100 1 of D20 with a specific activity of approximately 108 Bq/1 is expected. 

4.1.4 MZFR 

The type and quantity of activation products were established by calculation methods. 
Samples were taken of typical inner surfaces of systems for evaluating the activity due to 
contamination. The tritium inventory was calculated on the basis of samples from steel, concrete and 
lagging materials. 

The maximum specific activity at shut-down on the inner surfaces of the primary system 
and equipment was 2-105 Bq/cm2, dominated by Co60. 

The activity inventory at shut-down was approximately 1017 Bq from activated materials and 
contaminated surfaces. The distribution was as follows: 

Component Activity 

Reactor vessel and internals 
Concrete in biological shielding 
Contaminated systems 
Outer walls (40 Bq/cm2) 
5H in lagging and concrete 

9.6 
6.0 
6.3 
3.2 
5.0 

• 10" Bq 
• 1012 Bq 
• 1012 Bq 
•10' Bq 
• 10" Bq 

4.1.5 Lingen 

The activity inventory of the biological shield was determined in a manner very similar to 
that for the Garigliano plant both by calculation and measurement. For Lingen, this work was 
performed within a Euratom research programme.(" 

By the means of comparing the calculations and the measurement, the neutron flux was 
calibrated to determine the activation of the reactor pressure vessel and its internals. 

To evaluate the contamination of the inner surfaces of the pipelines, four levels of 
contamination were selected: 
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- primary water; 
- primary steam; 
- primary condensate; 
- auxiliary lines. 

Hie complete inventory (1987 data not including the contamination of the reactor pressure 
vessel itself) is as follows: 

Inventory of radioactive material 

Operational waste 183.0 -10" Bq 
System surfaces 2.1 • 10" Bq 
Building surfaces 19.0 • 10* Bq 
Reactor pressure vessel and internals 7.8 -10" Bq 
Core internals (control rods/fuel 

channels, etc) 1.1 • 1015 Bq 
Biological shield 5.1 • 10" Bq 

Total inventory 9.5 • 10" Bq 

4.1.6 GarigUano 

In the Garigliano project the emphasis was on the neutron activation of the reactor vessel 
and the surrounding biological shield, as more than 90 per cent of the radioactive inventory is located 
in this area. The neutron activated inventory was determined by activation calculations and verified 
by measurements on samples from the activated reactor pressure vessel and its internals as well as 
the activated area of the biological shield. 

The samples of activated material, taken from several points of thermal shield, inner liner 
and top guide by a special tool, were analysed for the determination of Co60, NiS9, Ni63, and FeSS. 

The measured values showed good agreement with the values calculated in the same 
positions (±40 per cent for Co60). 

Several samples consisting of the base material used in the reactor pressure vessel were also 
analysed. During the entire operating time, these samples had been located in the reactor pressure 
vessel at medium core height on the reactor wall in welded gas-tight capsules. 

Also for these samples the results of the calculations showed good agreement with measured 
values. 

For the purpose of taking concrete and concrete steel samples from the biological shield, 
three radial drill cores were bored out of the shield, i.e., one drill core each at the height of the upper 
and lower edges, as well as at half the height, of the nuclear core. 

Several samples of concrete and reinforcement were removed from each drill core and were 
analyzed for the determination of element composition and for measurement of activity of CooO, 
Eul52, Eul54, Csl34. 
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The element composition of the concrete was determined chemically, whereby the 
proportions of trace elements and Hz content of the concrete were also determined for the activation 
calculation. 

The results of the calculation showed good agreement with measured values. 

It was found that only the inner part of the biological shield was activated. For this reason 
the gap between the inner and outer concrete has a favourable effect, because due to it there is a clear 
separation between activated and non activated concrete. The radioactivity in the concrete in the 
activated area is determined to a great extent by radionuclides the source elements of which have 
proportions by weight in the ppm range. 

For the activation calculations, the neutron flux distribution was plotted using a three-
dimensional programme. The element composition of the base material of vessel and internals was 
determined on inactive and active samples of the same material through atomic absorption analysis 
and neutron activation analysis. With the aid of the calculations, the activity of some nuclides (FeSS, 
Ni 59, Ni63), which could be established only with great effort through technical measurements, were 
also determined. 

The total activity (for 92 isotopes) in the reactor vessel, internals and biological shield was 
at the time of shut down 8.77-10'*Bq of which the biological shield alone accounted for 
8.51 10" Bq. 

4.1.7 JPDR 

In the JPDR project, evaluations have been made of both activation of reactor components 
and biological shield concrete as well as surface contamination of buildings. 

Evaluation of radioactive inventory due to activation has been made by measurement and 
calculation. 

In measurement, small samples were taken from the RPV, the core shroud, etc., by a remote 
sampling tool and also concrete cores were taken from the biological shield concrete wall. Activity 
measurements were done by a Ge (Li) detector and a liquid scintillation detector. The calculation was 
performed using neutron flux calculation codes, ANISN-JR and DOT 3.5, and an activation code, 
DCHAINMD. 

The calculational results for the reactor structures agree well with measured ones, but not 
for the biological shield concrete. It has become clear that enough consideration has not been taken 
of the water contents in the concrete, which strongly affect the estimation of activities in the 
biological shield concrete since the neutron flux distribution depends on the water contents in it. 

For the measurement of surface contamination, approximately 1 800 drilled samples were 
taken from the buildings in the JPDR facility. The results of the measurement showed that 
contaminated areas existed in the reactor building, the rad waste buildings, the turbine building and 
the fuel storage building. 
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It was found that most concrete contamination in JPDR remained on the surface where 
radioactive spilt liquid existed for a long period. Penetrating contamination was found in the area 
where defects such as a crack existed in the painting layer or if there was no painting layer. The 
penetration depth was found to be less than 1 cm in most cases. In several areas where the 
penetration depth exceeded 2 cm the contamination was locally limited to a specific area. Activity 
distribution evaluated (as of March 1986) was as follows: 

Components 

Core internals 
Pressure vessel 
Bio-shield concrete 
Contaminated components 
Contaminated concrete 
Resins, etc. 

Weight 

(0 

20 
110 

1 350 
1 6S0 

830 
130 

Activity 
(Bq) 

1.7 • 10M 

1.7 • 10'2 

4.4 • 10" 
1.7 • 1010 

7.4 • 109 

1.9 • 1010 

4.1.8 WAGR 

The radioactive inventory of materials from WAGR has been derived over many years of 
activation calculations with checks made against analysed samples where available. 

The latest calculations use an international multigroup transport code (ANISN) for the flux 
calculation. The fluxes calculated are then taken together with neutron reaction cross sections for the 
nuclides of interest to provide the reaction rates. These are then used in conjunction with either the 
analytical solution to die differential equations or the FISPIN code to give nuclide activations. 

The transport code employed is only one dimensional, so more than one model was used 
to calculate the fluxes. For the radial direction, two cylindrical models were used to model the 
discrete axial position of the core restraint bands. In the axial direction, a slab representation of the 
reactor was used. The core was modelled as consisting of 21 pin 2.5 per cent enriched U0 2 clusters 
with a total uranium mass of 11.5 te. The average neutron source (n/cm3/sec) used was calculated 
for a reactor power of 70 MW, i.e., 100 MW with an availability of 70 per cent for 15 years. 

Further work is in hand to perform calculations with a more realistic irradiation (80 MW 
for 18 years) which will give a slight increase on the activities. This has, however, already been used 
for the activation of the insulation material attached to the pressure vessel steel. 

The predominant contribution to activity from WAGR is the activated structural materials 
emitting beta and gamma radiation. These radionuclides can be estimated by the activation 
calculations described above. There is also some contamination due to fission products and corrosion 
products. 

An estimate of the total caesium within the reactor has been made based on hand 
calculations correlated to measurements taken in the heat exchangers. The Csl37 activity was 
calculated to be less than 0.1 per cent of the total inventory due to activation. Other fission products 
were found to be not significant compared with Csl37. Various health physics measurements indicate 
that alpha activity levels are about a factor of 104 less than beta/gamma contamination, i.e., minimal 
in terms of the total inventory. 
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Measurements taken in the heat exchangers give a ratio between Csl37 and C06O, i.e., a 
ratio of the contamination from fission products to conosion products. Including decay to the present 
day, the C06O is typically a factor 10 to 100 lower than the Csl37. Therefore, in terms of the total 
activity of activated components the corrosion products are not significant and are not detailed further. 

WAGR total ILW activity by material type in 1993 

Material type 

Mild steel 
Stainless steel 
Graphite 
Concrete 
Insulation 

Mass 
(te) 

535 
34 

210 
338 
67 

Activity 
(TBq) 

2 140 
1609 

37 
11 
7.9 

* Total 
Activity 

56.2 
42.3 

1 
0.3 
0.2 

Total 1 184 3 805 100 

Note: Reactor power 70 MW, i.e„ 100 MW with an availability of 70 per cent for IS years. 

Samples of active materials from the WAGR structure (steels, graphites, concrete and 
insulation) have been removed for analysis. The work conducted to date on the assessment of the 
radioactive inventory for WAGR has indicated that the estimates made using the modelling codes are 
in general agreement with the results of the sampling studies. As more data is generated by the 
sampling programme, it will be possible to make more rigorous assessments of the accuracy of the 
physics codes in predicting radioactive inventories in activated structures. The main uncertainties in 
the assessments relate to the impurities present in the original plant components. 

The WAGR inventory assessment programme has been successful in identifying the key 
nuclides which are important for reasons of handling, transport and disposal. Furthermore, 
methodologies have been developed which will allow the estimation of these important nuclides 
during the operational phase of ILW production. This is essential to ensure compliance with the 
acceptance criteria of a future United Kingdom waste repository. 

4.1.9 BNFL co-precipitation plant 

The co-precipitation plant, being a fuel facility, has different requirements from reactors. 

As project planning developed and hands on dismantling commenced, it became apparent 
that the major new requirements were for: 

a) the location and measurement of significant fissile residues in plants which have handled 
very large quantities of plutonium; 

b) assuring that nuclear safety controls are met where clean out processes require any 
change in plant operating procedures or before there is any change in configuration of 
plant or equipment due to dismantling. 
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The Decommissioning in-Situ Plutonium Inventory Measurement system (DISPIM) was 
assembled and consists of three items: 

a) roving gamma counter; 
b) roving neutron counter. 
c) modular neutron detectors for passive coincident neutron counting. 

In operation, a) and/or b) are used to prepare a plutonium profile of the glove box or 
equipment under investigation and then the modular units are erected in a suitable configuration 
around the item. The coincident counting system is then calibrated in-situ using a Cf 252 or 
plutonium source, as appropriate, and used to obtain a neutron count which can be related to the 
plutonium content of the unit. These measurements were essential for criticality control procedures 
and were required to allow dismantled units to be moved and placed in storage. 

The equipment has now been used on a wide range of items ranging from glove boxes of 
10 m3 volume down to geometrically safe storage tanks made from 100 mm pipework. It was proven 
invaluable in these dismantling operations in a wide range of situations. 

4.1.10 Shippingport 

Most of the radioactive inventory (99 per cent) from the decommissioning of the 
Shippingport plant was confined to the reactor pressure vessel/ neutron shield tank (RPV/NST) 
package which was disposed of as a single component. In addition, other large primary system 
components (steam generators, pressuriser, coolant pumps) and piping contained smaller, but 
significant quantities of radionuclides. 

An activation analysis of the reactor pressure vessel was conducted as part of the 
decommissioning planning in 1981. The resulting calculations identified the activity content as 
3.11 -10" Bq (adjusted for decay corrected to an estimated disposal shipment date in 1989) but these 
calculations omitted the neutron shield tank and the core internals. Subsequent activity assessment 
emphasis, completed in 1985 to support decommissioning operations, did include the reactor pressure 
vessel/neutron shield package and the irradiated core internals in calculation of the radionuclide 
contents. This large difference in original calculation assumptions and the subsequent assumptions 
led to large differences in the results. 

In 1985, neutron activation analysis was performed using the Monte Carlo technique for data 
analysis. This method is based on neutron transport theory and collision probabilities. 

The results of this analysis estimated approximately 6.1-10'4 Bq when decay corrected to 
October 1988, with an estimated standard deviation of 1.1 -10'4 Bq, The major isotopic contribution 
to the source term was found to be cobalt-60 (2.851014 Bq), iron-55 (2.841014 Bq), nickel-63 
(3.51-10" Bq) and nickel-59 (3.33-102 Bq). The RPV/NST inventory includes an estimated 
1.41012 Bq in the corrosion product or crud layer. 

As a method of validating the estimates, a thermoluminiscent dosimeter (TLD) probe was 
introduced into the reactor vessel using 27 TLDs. The probe readings produced a typical axial 
gamma flux profile. The maximum gamma exposure rate was 32 R/hr at the reactor pressure vessel 
core line. The magnitude of the probe dose values were consistent with the concentration of 
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radioactive materials in tbe vessel wall determined by the earlier Monte Carlo activation analysis and 
subsequent validating calculations. 

Samples of the primary, secondary and auxiliary system piping were obtained for detailed 
radiochemical analysis of the contaminated corrosion layer and activation. The corrosion layer was 
stripped and solubilised for gamma spectrometry and radiochemical analyses. A specimen of the 
primary system piping was drilled. Drill tumings were analysed for activation products. The data 
obtained from these tests were utilised to simplify waste disposal, qualifying wastes as low-specific 
activity (LSA). 

The following table provides a summary of the radioactive waste shipment data: 

Waste contents 

RPV/NST 
Metallic waste 
Spent resins 
Solid waste 
One-piece components 
Solidified sludge 
Asbestos 
SoU 
Other 

Radioactivity 
(GBq) 

609 279 
1 554 
1517 

999 
888 
148 
74 
37 

<37 

Volume 
(m3) 

277 
1800 

102 
2 123 

328 
164 

1073 
54 

133 

Totals 614 533 6 054 

4.2 Decontamination 

Decontamination of surfaces has been undertaken in a number of projects in the programme. 
This has been done: 

- to reduce the source term of components and thus the personnel exposure during hands-
on dismantling; 

- to allow the free release of materials or to down-grade waste category; 
- to meet criteria for a free release or for restricted reuse of sites. 

Decontamination has been carried out on both concrete and metallic surfaces. 

4.2.1 Decontamination of concrete surfaces 

4,2.1.1 Eurochemic 

During the pilot project for the stage 3 decommissioning of buildings 6A and 6B, the walls 
and floors of the buildings were decontaminated after the removal of all the installations. The activity 
levels required to be achieved were 0.04 Bq/cm1 alpha and 0.4 Bq/cm2 beta-gamma. The following 
techniques were used: 
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- diamond cable saw; 
- pneumatic hammering; 
- scabbling; 
- drilling out of pipe penetrations through walls. 

The diamond cable saw was used for enlargement of existing cell entrances. By this 
technique entire concrete blocks could be cut out under constant water cooling of the used diamond 
cable. The advantages of this technique are numerous: 

• a high cutting capacity, quite independent of the wall thickness; 
- the possibility of removing entire concrete blocks to be decontaminated; 
- the possibility of cutting under a certain angle; 
- resulting surfaces which are very neat as compared to those left by pneumatic 

hammering. 

Water cooling of the diamond cable limits dust production to a minimum. Other problems, 
as evacuation of cooling water and spreading of contamination, have to be solved. Therefore, also 
tests were carried out with nitrogen cooling, which may reduce the volume of secondary waste. 

However, this technique needs further refining, as some disadvantages were experienced as 
embrittlement of the cable due to low temperature and dust production (concrete dust and evaporating 
nitrogen) with spreading of contamination. 

A generally used technique for concrete decontamination was scabbling. Hereby only a 
small layer of contaminated concrete is removed from floors, walls and ceilings limiting the amount 
of waste production. This technique is especially suitable when surface contamination has to be 
removed. 

Different types of hand and floorscabblers were used. As only relatively low scabbling 
speeds were experienced, an automatic three-head wall scabbling machine was developed, which could 
perform the daily scabbling work of three operators in only one hour. During operation itself, waste 
production (dust and concrete particles) could easily and efficiently be collected in 220 1 drums by 
use of an adapted system with vacuum pump and self cleaning filter. 

Together with an ext< il company the proposed technique was further developed for 
the construction of a new free-standing automated 4-head scabbier for walls, as well as for floors and 
ceilings. The resulting machine proved to be efficient, and obtained scabbling speeds up to 10 
m2/hour for floors and 5 m2/hour for walls and ceilings (layer thickness up to 7 mm). 

As reported earlier in Chapter 3.1, the two buildings 6A and 6B have been released from 
the controlled area after two comprehensive in-house radiological inspections and one random control 
survey by an official agency. 

4.2.1.2 JPDR 

During the studies for estimating the radioactive inventory, measurements were also made 
on the extent and penetration of contamination on concrete surfaces. The results of penetration depth 
evaluation clearly showed that both surface and penetrating contaminations existed in the JPDR 
buildings. Two kinds of decontamination methods are therefore required. One is the method which 
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is effective in demolishing a few mm in depth from die concrete surface (a scabbier and a planing 
cutter are recommended). Another is the method which has the capability to remove concrete of more 
than 2 cm in depth (a microwave concrete surface remover, a breaker and driller and spaller are 
considered). Various conditions have to be considered in selecting a proper decontamination method 
such as effectiveness of concrete removal, prevention of radioactive contamination spreading, 
reduction of radiation exposure to workers and working environment. A microwave concrete surface 
remover developed in JAERI is planned to be applied to decontamination of the turbine buildings. 

42.13 Gentilly-1 

A comprehensive decontamination programme was carried out to achieve a so-called zone 1 
condition (for site reuse) in the service building and parts of the turbine building. 

The zone 1 criteria were: 

- no detectable loose contamination; 
- no general radiation fields > 2.5 jiSv/h; 
- no radiation sources > 2.5 \iS\/h at 1 m; 
- no fixed beta-gamma contamination level > 22 200 dpm/100 cm2; 
- no fixed high toxicity alpha contamination level > 2 200 dpm/100 cm2; 
- no fixed low toxicity alpha contamination level > 22 200 dpm/100 cm2. 

The spent fuel pool that was of concrete coated with epoxy was successfully decontaminated 
by using hydrolazing (up to 138 bar). 

42.1.4 Shippingport 

The removal of contaminated concrete was a significant part of the decontamination in 
support of the release without radiological restrictions of the site. The concrete removal subcontractor 
selected scabbling as the removal method because: 

- scabbling precluded producing radioactively contaminated water; 
- depth of concrete removed and resultant rubble could be controlled; 
• dust could be controlled by containment and HEP A filtered vacuum systems; 
- scabblers could be operated on compressed air which was readily available; 
- spare parts were readily available as low cost items. 

The USDOE Site Release Criteria required the decontamination of all wetted and 
contaminated floor and wall surfaces. The subcontractor removed about 6 mm of contaminated 
concrete from approximately 1 340 m2 in the fuel handling canal and approximately 400 m2 in the 
radiological waste processing yard tank vaults. In the fuel handling building, for the total of 1 340 m2 

scabbled, the scabbling removal rate is estimated to be 1.34 m2 per hour. The cost associated with 
this, including direct labour, overhead, and materials, but excluding profit is approximately 
US$391 per m2 in 1987 dollars. The expended labour was 6 979 manhours which results in about 
0.191 m2 of scabbled area per manhour of labour. The swell factor for scabbled concrete experienced 
at Shippingport was approximately 35 per cent. This was calculated by measuring the in-silu volume 
and relating it to the total volume of waste contained in 200 1 waste shipping drums. 
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The subcontractor used a machine for scabbling the areas, because machine scabbling was 
found to be more cost effective than manual scabbling on large surface areas. This is especially true 
on vertical walls due to scaffolding required and worker fatigue, which results in lower productivity. 

The subcontractor's performance was approximately one month behind schedule due to a 
late start, which was never fully recovered. The overall project critical path schedule was not affected 
by this delay. Project management identified four problems as important considerations in planning 
scabbling for decontamination. 

Machine scabbling operations 

A large machine scabbier, used on the refuelling canal walls, had a tendency to skew during 
operation. This was attributed to drive chain stretch, irregular wall surfaces, and failure to co-ordinate 
horizontal movement. This could be overcome by redesign of the scabbier to make scabbier travel 
in a vertical motion, and to relocate the drive motors and chains away from the scabbier head. 

Removal of wall coating materials 

When the scabbier first attempted to dislodge wall coating material, comprises fiberglass 
matting impregnated with hardened resins and painted over, the debris degraded the HEP A systems 
capacity. Other project sites would benefit from fully characterizing any wall materials in the initial 
planning. 

Equipment spare parts support 

Two printed circuit boards in the scabbler's electronic control system failed that were not 
spare part supported, because the subcontractor believed these would not fail. When using new 
equipment, the availability of a full complement of spare parts or replacement units would avoid 
delays. 

Manual scabbier performance 

Workers performing manual scabbling reported that the shape and thickness of the handle 
along with weight of the heavy impact tool resulted in fatigue, blisters in their palms, irritation of the 
wrist, elbow and shoulder joints. The design of a tool more economically oriented would improve 
productivity and preclude adverse physiological effects. 

Removal of surface contamination by vacuum-blasting 

A subcontractor also performed contamination removal using vacuum blasting for removal 
of contaminated paint covering some steel surfaces and a small amount of contaminated concrete. 
The beneficial effects of vacuum blasting were that dust and abrasive collection systems inherently 
provided containment and control of airborne radioactivity and lead based paint particles. The 
function of the vacuum blasting equipment is similar to a conventional sandblaster, but with a vacuum 
fitting to evacuate abrasive medium and dislodged debris into a reclaimer for debris separation and 
recycle of abrasive. Vacuum blasting is a three man operation, one to manipulate the blaster head, 
a second to position hoses, and a third to operate the compressor and to monitor the reclaimer. 

68 



There were four problems encountered during vacuum blasting: 

- The vacuum blasting medium did not fully remove a primer paint under the top layer 
of paint. However, this was a nuisance more than a serious problem, because 
radiological surveys showed that the contamination was removed with the surface paint. 

- Vacuum blasting was undertaken with two units with differences in capacity and the 
schedule performance slipped. 

- Moisture accumulation in the abrasive medium caused clumping and reduced 
productivity. Conventional cyclonic and filtration type moisture separators were 
installed but with little effect. Air chillers were not effective due to high flow rates. 

- In confined spaces vacuum blasting was effective but slower than in other areas because 
a smaller blaster unit had to be used. 

Overall, the vacuum blasting performance lagged behind schedule; fortunately, there was 
no adverse impact to the project critical path. 

4.2.2 Decontamination of metallic surfaces 

4.22.1 Eurochemic 

Some of the larger vessels in buildings 6A and 6B were chemically decontaminated, some 
for reuse and others for free release. Only metallic components, which could be measured completely 
for residual radioactivity were processed for free release. Decontamination was performed chemically, 
both by rinsing with nitric acid and sodium hydroxide solutions and by treatment with HF-containing 
pastes. Decontamination proved to be specially feasible for large vessels, but the feasibility also 
largely depends on the history of the vessel. The cleaned vessels showed no residual contamination 
levels above the detection limit of 0.04 Bq/cm2 for alpha and 0.4 Bq/cm2 for beta-emitters. 

4.222 Gentilly-1 

Metal surfaces were decontaminated at Gentilly-1 to bring the contamination level in the 
area within the scope of the decommissioning project to the zone 1 criteria. 

Metal surfaces were either decontaminated on site or the metal components were moved to 
a decontamination area for processing. 

Various methods were used for decontamination using the following equipment and material: 
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Method Equipment and material 

Hand scrubbing Radeon spray 
West Foam 
Alconox 
RBS-35 
Masslyn cloths 

Hydrolazing Hydrolazer with surfactant added 

Chemical soaking Phosphoric acid, Citrox or degreaser 

Hand scrubbing is a simple, yet effective method of decontamination. It was used to reduce 
or remove loose and fixed contamination on external surfaces of equipment and piping. In particular, 
the Radeon spray proved to be effective in the decontamination of piping and ducting (outside 
surface) as well as equipment and tanks. 

When the surface could not be completely cleaned with Radeon spray, a chemical solution 
such as Desc«' r Westlode, Turco Decon 4521A paint remover was applied with a steel brush or sand 
paper to red "e a e contamination level to releasable limits. 

Hydrolazing was effective for the removal of loose contamination where hand scrubbing 
could not easily be done due to the geometry of the components. Using a nozzle pressure of 
2000 PSI and a surfactant, RBS-35 or Calgon, added to the feedwater, the contamination level could 
be reduced to releasable limits. 

Hyrolazing of metal components was performed inside an enclosure to prevent spread of 
contamination and to ensure that the liquid wastes were properly collected. 

Chemical soaking using Turco Decon 4S21A was a very effective method of 
decontamination. Components were soaked in a chemical bath heated at 150°F for several hours 
before being scrubbed and rinsed to reduce the contamination levels to releasable limits. 

4.2.2J Rapsodie 

Rapsodie's two primary system loops (made of stainless steel) were decontaminated by 
circulating nitrosulphuric reagents with Cerium IV added. The decontamination factor achieved 
enabled: 

• systems to be cut up by manual procedures, thus avoiding irradiation of personnel; 
- a large proportion of the materials to be brought into the public domain after melting. 

However the operation is expensive, taking into account the relatively small amount of 
material recovered (15 t). 
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422.4 G2 

The insides of the C02 pipe-systems were decontaminated by means of the application of 
chemical reagents in the form of gels which enabled: 

. contamination of system parts to be brought down below the threshold of 1 Bq/g 
- the production of effluents to be reduced to 101/m2 processed. 

However, the process is not 100 per cent efficient in the case of equipment with a complex 
structure such as valves, motor and turboblowers, and coolers. Moreover, the cost of such "total" 
decontamination was deemed to be too high in relation to a solution consisting of predecontamination 
plus melting. 

To solve the problem of decontaminating complex surfaces, a process using reagents in the 
form of foams has been developed on a laboratory scale, the initial application planned being for the 
valves in the system of the G2 reactor. 

4225 Garigliano 

A feasibility study on dismantling and decontamination of all tb turbine building 
components was performed. 

The purpose of the feasibility study was to select techniques which can decontaminate 
components as much as possible, in order to allow the unrestricted release of the materials (a limit 
of 1 Bq/cm2 or 1 Bq/g for beta and gamma emitters was considered). 

The dismantling and cutting of all building components before decontamination was 
considered as the basic goal, in order to minimise the secondary wastes. Several decontamination 
techniques were considered and compared in terms of effectiveness, secondary waste generation, plant 
and safety impacts, costs and so on. 

The results show that there is no single decontamination technique which can be used for 
all components or parts and that the use of more decontamination techniques is needed. 

Four decontamination techniques were selected for decontaminating all components: electro-
polishing, for pieces with simple geometries (flat and concave shapes); water jet with abrasives, for 
quite complex pieces (mainly convex shape); ultrasonics in aggressive chemicals, for heat-exchangers 
and condenser tube bundles; freon jet, for motors and all parts with loose contamination. 

Research has also been carried out on an aggressive chemical/ultrasonic deco. lamination 
technique for the tubebundles of a feed water preheater.(2> 

A decontamination procedure with two phases was qualified: first with ultrasonics applied 
in water at 60°C, and second with ultrasonics applied in a solution of HF/HNO, acids at 60-70°C. 

The demonstration of the performances of the new technique under real conditions was made 
by carrying out two full-scale demonstration tests, each one on an assembly of 100 straight tubes, 1 m 
long each. 
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The demonstration programme showed that the new decon process is able to decontaminate 
the tubes of the tube bundle to less than 0.3 Bq/g (as measured directly by Nal gamma detectors). 

During the programmes about 2.3-10'3 manSv were incurred, of which 1.95-10"3 manSv 
for dismantling activities and 3.5*10"* manSv for decontamination. 

About 2 100 litres of contaminated aggressive decontamination solutions were generated, 
with about 9 m3 of contaminated water. It was estimated that treating these solutions about 300 litres 
of dry sludges would be generated. 

An approximately cost of about 6 ECUs per kg of decontaminated material was also 
estimated. 

Finally, the demo programme showed that the building of proper facilities for performing 
the decontamination is a critical point; in fact, the performance of a special ultrasonic machine 
caused many difficulties. 

422.6 JPDR 

System decontamination 

Four methods for system decontamination were tested on different parts of the JPDR primary 
coolant system: 

Method Tested on 

CAN-DECON Reactor clean-up system 
Flowing abrasive Reactor clean-up system 
NP/NS-1 modified Forced circulation system 
Sulphuric Acid-Ce (IV) Forced circulation system 

The CAN-DECON method was applied to the reactor clean-up system to get sufficient 
experience of system decontamination at the first step of system decontamination at JPDR. 

A NP/NS-1 modified is the method which adds a NP preoxidation step before a reducing 
decontamination step. Addition of the pre-oxidation step can considerably improve the 
decontamination efficiency even for the high Cr-containing crud. This method was modified by using 
a liquid waste treatment system with a reverse osmosis module (RO module) which had been 
introduced in the decontamination loop to reduce the volume of the liquid waste. 

The REDOX decontamination method using sulphuric acid and cerium (IV) has two 
processes: a decontamination and a liquid waste treatment process. In the decontamination process, 
an electrolytic regeneration of Ce (IV) is carried out to maintain the concentration of Ce (IV), which 
controls the dissolution rate of the crud. In the liquid waste treatment process, an electro-dialysis is 
performed to collect metal ions and sulphuric acid from the liquid waste after their electrolytic 
reduction. It was found that a relatively high decontamination factor (DF) could be obtained by this 
method even for the high Cr-containing crud. 
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The Flowing Abrasive Decontamination Method utilises a mixture of abrasive particles and 
a fluid. When grains of abrasive are forced into suspension in a rapidly flowing fluid they impact 
and scour the inner surface of the pipe (or components). This decontamination system is simple and 
the liquid waste can easily be treated and handled. It was found that the DF is relative high and is 
influenced little by the chemical composition of crud. However, it was also found that a considerably 
big pump is required when this method is applied to the system with large diameter. 

The results of the tests with the above methods are summarised in Table 4.2.1 below. 

Table 4.2.1. Condition and results of system decontamination methods 
applied to JPDR primary coolant system 

Decontamination 
method 

C Reagents 
0 
N Concentration 
D 
I Temperature 
T 
I Decon Time 
O 
N Plow rite 

CAN-DECON NP/NS-1-modified 

Reducing 
decon 

LND-101A 

0.1 wt% 

ca 120 °C 

24 hr 

_ 

Pre-oxidation 

NPtHNO,. KMn04) 

0.6 wt% (0.5 wt%, 0.1 wt%) 

ca 120 °C 

6hr 

. 

Sulphuric 
acid Ce (IV) 

Reducing 
decon 

NS-1 

0.7 wt% 

ca 120 °C 

24 hr 

. 

Redox 
decon 

H,S04 + Ce4+ 

0.26 M + 2 nM 

ca 70 - 80 °C 

106 hi 

. 

Flowing Abrasive 

Mechanical 
decon 

B4C particles 

20wt% 

Room temperature 

35 hr 

4.8 - 6.7 m/s 

Decontaminated Clean-up 
system system 

Decontamination ca 3 - 9 
(DF) ave 9 

Forced circulation system 

ca 90 - 740 
ave 520 

Clean-up system 

ca 300 - 1 200 ca 200 - 1 660 
ave 900 ave 1 100 

Decontamination of dismantled components 

Decontamination work for the dismantled components was implemented with an 
electropolishing decontamination system and a sulphuric acid-cerium (IV) decontamination system. 

4.22.7 WAGR 

For a reactor decommissioning project, decontamination is only useful in those areas which 
have not been neutron activated. For WAGR the main use of decontamination techniques is to assist 
in the disposal of the four boilers. Contamination of the gas -Ide of the boilers (there was no 
contamination in any part of the water side) arose because of the experimental programme of WAGR 
which in part examined the development of fuel clad failure. For decommissioning, this 
contamination gives radiation levels of up to 30 mS"/h which is unacceptably high for any substantial 
hands-on work. The original proposal for dealing with WAGR boilers was to remove them in one 
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piece and dispose of them in one piece to the North Atlantic sea dump. The current moratorium on 
sea dumping of solid radioactive wastes prevents that option being followed. The next option is to 
reduce the radiation levels using decontamination techniques and to cut up the boilers and dispose 
them in suitably sized pieces as low level radioactive waste. 

The 200 t weight boilers are large structures with substantial surface areas. Suitable 
decontamination techniques have been considered from a theoretical point of view and the most 
promising of these have been evaluated in bench trials. The result of these trials showed that dilute 
hydrochloric acid with citric acid as a complexing agent would give the best results and meet the 
target decontamination factors. A second mineral acid, nitric acid, was also evaluated in these trials 
and while not as good as hydrochloric acid was likely to approach the target DF's. Consideration of 
the treatment of the resulting effluent led to a choice for large scale trials based on the nitric acid 
method. Since the method would need to be proved before using on the fullscale plant, a trial on one 
third of one boiler was set up. This work was completed in March 1989.(3> The experiment has 
shown that the nitric acid approach as applied in the spray process developed for minimum effluent 
volume has been successful in removing substantial contamination from all parts of the section of the 
boiler which was decontaminated. Further work on this process is in progress. 

4.22.8 BNFL co-precipitation plant 

Clean out of the wet chemistry section 

This involved washing and swabbing down cabinet interiors and acid washing the interior 
of process vessels. In some cases lines were rerouted to permit prolonged recycling of nitric acid 
washes, whilst any vessel heater which remained serviceable was used to increase the effectiveness 
of the washing and prolonged soaking periods. Considerable engineering reinstatement of pumps, 
valves, interlocks, etc was necessary before this was possible. In this way all the "wet" section, 
except the liquid storage tanks, was dealt with; this included the precipitator cabinet and equipment, 
rotary vacuum filters and cabinet and the filter segment treatment cabinet. The total liquid generated 
was some 160 1, containing 1 160 g of plutonium and 1 600 g uranium, and was transferred to a 
recovery facility. Subsequently, the tanks themselves were washed out, for recovery, with nitric acid. 

The effectiveness of the relatively simple clean out operations was demonstrated with a 
reduction in radiation levels at each cabinet by factors of three to six. 

Solvent cleaning withfreon 

A problem with this and other plants containing solid residues of aged plutonium compounds 
is the gamma radiation. This may be very high by present day standards, especially where the plant 
was designed in the 1960s for hands-on operation. Measures were, therefore, sought to remove these 
residues quickly and with minimum operator involvement. The intention is not to decontaminate 
items, but rather to quickly remove bulk residues which represent major sources of radiation to 
personnel. A non-hydrogen containing liquid is required, which does not have criticality risks when 
used for fissile material powders. This initial development work has used Freon. 

The operating procedure envisaged is that the mobile cleaning unit will be positioned 
alongside the unit to be treated and connected via flexible sleeves. Through these the spray and 
suction heads will be passed. Spraying and recovery of solvent will take place simultaneously and 
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consecutively, as appropriate, with solvent sprayed at 7-10 atmospheres and recovered via a fme filter 
(size to be determined on UOj trials). Meanwhile, the glove box extract flow of the box being 
cleaned is temporarily rerouted via the solvent vapour recovery system which is incorporated into the 
mobile unit. 

The unit has been completed and comprehensively tested inactively, but design modifications 
to overcome mechanical shortcomings are being considered and alternative non-hydrogenous but 
ozone-friendly solvents are being sought. 

Use of strippable coatings 

Extensive use has been made of so called "strippable coatings". In fact, these may be used 
as fixatives ("tie-down coatings") for loose contamination, as decontaminants to help remove loose 
contamination, or simply as mechanical protection. 

The coatings can be used to fix loose activity and/or as a pre-coat where activity is likely 
to be disturbed (e.g. by dismantling or cutting). In this case, a further layer can be applied and 
sandwich subsequently removed. Operations have already confirmed that several layers can be 
allowed to build up and also that the spraying of such coatings reduces loose activity levels by up to 
three orders of magnitude. 

4.22.9 Shippingport 

Hydrolazing of the pressuriser and flash tanks 

Internal decontamination of the pressuriser and flash tanks was performed to meet shipping 
requirements. 

The pressuriser was internally clad with stainless steel. Only limited access was available 
to internal surfaces for mechanical or other manual decontamination means, which made hydrolazing 
a practical decontamination method. Hydrolazing operations gave good results in some areas, but the 
heater bundle and lower side of the tank surfaces did not receive the full effect of the high pressure 
spray. This was due to inaccessibility and excessive nozzle standoff distances. The pressuriser was 
decontaminated to the release criteria. 

The close proximity of the flash tank to the pressuriser initially created some false radiation 
readings. Workers performing an initial inspection found a large accumulation of loose corrosion 
material in the bottom of the tank. After manual clean-up of this source, hydrolazing was completed 
and was confirmed to be quite effective by final surveys for release. The final surveys also indicated 
that hot spots remained on the bottom of the tank. A conclusion from these surveys was that either 
the hot spots were created by the tank's thermal shield or from particles of scale dislodged by 
hydrolazing that were trapped between the thermal shield and the tank wall. The tank was lifted from 
one end in order to shift by gravity any scale that might be trapped. A visual inspection later 
revealed that no scale was shifted. Confirming surveys supported a determination that the thermal 
shield was the substantial source on the bottom of the tank. Manned entry into the tank was made 
to remove the thermal shield using an oxygen-acetylene torch. The thermal shield was segmented 
and later packaged as low level waste. 
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A final radiation survey of the tank also showed a penetration hot spot that exceeded the 
acceptance criteria. This situation was resolved by welding a section of pipe with a cap over the 
penetration, which allowed the tank to be released for shipment. The lesson here is that sometimes 
an approach using a series of removal methods is most effective. 

43 Cutting techniques 

Many cutting techniques have been developed and/or demonstrated both for steel and for 
concrete. Examples or such techniques are: 

For steel: 

- plasma arc; 
• arc saw; 
- rotary knife (pipe cutter); 
- carborundum disc cutter; 
- shaped explosives; 
- rotary pipe cutter, 
. mechanical saws (reciprocating and band); 
- hydraulic shears; 
- oxy-propane gas torch; 
- nibbler; 
- crimp/Shear tool. 

For concrete: 

• diamond sawing and coring; 
- abrasive Water jet; 
• diamond wire sawing; 
- controlled blasting; 
- thermic lancing. 

Among the factors considered in the choice of cutting methods are the following: 

- speed of cutting; 
- secondary waste; 
- dust, smoke, aerosols; 
- size and weight of equipment; 
- possible use under water 
- worker exposure. 

Experiences with some of the techniques listed above in some of the projects in the Co
operative Programme are described below: 

4.3.1 Eurochtmlc 

The dismantling of the installations started with the removal of the piping, followed by the 
removal of the larger components, e.g. tanks. The removal of piping was mainly carried out with 
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pipe cutters, in order to prevent contamination spreading, but also with saws (bundles of 
instrumentation tubes), grinding discs (pipes with larger diameters and where there was no risk for 
contamination spreading) and hydraulic shears. 

Cutting with hydraulic shears causes the end surfaces of the pipes to be pinched. Thus this 
technique entails problems for waste conditioning by cementation and was therefore no longer used. 
Some of the tanks were cut up on the spot by means of plasma torches. However, most of the large 
vessels were removed as a whole and chemically decontaminated. 

432 RapsodU 

The Rapsodie systems (stainless steel, 5 mm thick) were cut up with a plasma arc torch: 
the rate obtained was of the order of 25 uSv/h, all operations included. 

433 G2 

The cutting up of the pipe-systems and vessels of the systems of the G2 reactor 
(conventional steel, thickness 2-3 cm) was carried out with traditional demolition methods: oxy-
acetylene torches with the fumes being ventilated. 

43.4 ATI 

A test programme of cutting using high pressure jets for concrete and thick sheet steel was 
carried out with the special aim of allowing cutting by remote-controlled operation of a 20 cm thick 
concrete wall separating two cells of the ATI installation. 

The effectiveness and the remote control feasibility of the process were demonstrated, but 
the tests highlighted the scale of secondary waste produced: a significant volume of liquid effluents 
containing concrete and abrasive debris. 

The cutting up of narrow and modest capacity pipe systems located in the cells of ATI was 
carried out using mechanical means: hydraulic shearing and cutting disc, thus avoiding the problem 
posed by air pollution from thermal cutting processes. 

43J JPDR 

In the JPDR decommissioning project, an extensive R&D programme has been carried out 
on the cutting technologies which will not only be used in the JPDR decommissioning, but will also 
be applicable to the decommissioning of large commercial power reactors in the future. 

The techniques selected are the following: 

For steel components: 

- plasma arc; 
- arc-saw. 
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For pipes: 

- rotary disc cutter; 

- shaped explosives. 

For concrete structures: 

- diamond sawing and coring; 
- abrasive water jet; 
- controlled blasting. 

In the development programme, much attention was given to improving capabilities such 
as cutting speed, thickness, etc, and adaption for remote operation. The plasma arc and the arc-saw 
systems were particularly designed and developed for use underwater to prevent the spread of 
radioactive by-products into the air and to reduce worker's radiation exposure. Characteristics of each 
cutting system developed are shown in Table 4.1. 

Dismantlement of the reactor internals with the plasma arc cutting system was started in 
1988, initially held by a remote operated robot manipulator and later by a remote operated mast-type 
drive system. This mast type system was used for dismantling the hold-down and upper grids, the 
in-core monitor tube and lower grid as well as the core shroud, core support and the control rod guide 
tubes. Figure 4.1 shows the plasma arc torch held by a robot manipulator. 

Figure 4.1. Robotic manipulator with plasma arc torch used for cutting 
reactor core internals of JPDR 
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Cutting operations were completed successfully in November 1989 with radiation exposure 
for workers (estimation: 0.17 manSv, actual: 55 manmSv) lower than estimated largely due to 
shielding provided by the water. 

Cutting of pipes connected to the reactor pressure vessel was carried out using rotary disc 
cutters (two pipes of 320 mm O.D. and l )0mmO.D.) and shaped explosives (three pipes of 
60 mm O.D. and 90 mm O.D. in air, and two pipes of 100 mm O.D. under water). Cutting 
operations by both rotary disc cutter and shaped explosive techniques were successful except for the 
shaped explosives under water. The reason of this failure was found to be due to an unacceptably 
large stand-off distance between the shaped explosive and the inner surface of the pipe. The water 
in the gap considerably decreases the energy generated by an explosion. Therefore, it has been 
concluded that an appropriate stand-off distance is very important for use of shaped explosives. 

Underwater arc-saw cutting of the reactor-pressure vessel (RPV) was started at the end of 
April and was comp'eted successfully at the beginning of July 1990. The underwater arc-saw cutting 
technique was applied to the barrel of the RPV where it was highly activated. 

Cutting speeds of the arc-saw system were 0.2 - 0.5 mm/sec at the flange portion of which 
the thickness v/as 250 mm and 1-5 mm/sec at the barrel of about 80 mm in thickness. Cutting speed 
of 1-5 m/sec for the 80 mm thickness steel plate seems to be enough to segment the RPV since the 
time required to cut a piece of 0.9 m x 0.1 m in size was about two hours. A development on 
increasing a cutting capability for thicker steel plate as that of a commercial PWR, which has a 
thickness of about 250 mm at the barrel and 400 mm at the flange, is required in future. 

Table 4.1. Cutting techniques developed at the JPDR Project 

Structures 

RPV 

Core internals 

Pipings 

Biological 
shield concrete 

Cutting Technique 

Arc-saw 

Plasma arc 

Rotary disc cutter 

Shaped explosive 

Diamond-sawing and coring 

Abrasive water jet 

Controlled blasting 

Performance 

250 mm t: 6 cm/min 

130 mm t: 7.5 cm/min 

12BXSchl60: 28 min 

1 1/2B X Sch80 
ca 26B X Sch80 

2.5 m2/hr 

1 mVhr 

0.1 m'/hr 

The total radiation exposure of workers in the work of arc-saw cutting was about 
90 manmSv. The radiation exposure for the cutting itself was only 0.2 manmSv, but the rest came 
from the preparatory works. This large radiation exposure during the preparatory works resulted from 
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the installation of the water tank, because the workers were obliged to be near the RPV during 
installation, where the radiation doserate was 0.2-0.8 mSv/h. It is therefore important to find a simple 
method of watersealing around the RPV and/or the radiation shielding for the future. 

The highly activated portion of biological shield concrete will be remotely demolished using 
both the diamond sawing and coring machine and the abrasive water jet cutting machine between the 
end of 1990 and the middle of 1991. 

4.3.6 WAGR 

When using tools deployed by manipulators fitted to remotely operated machines, it is 
important to keep the reaction forces at the point of application of the tool as low as possible. Hot 
methods with inherently lower reaction forces can be preferable to cold working metnods, such as 
sawing. 

For WAGR the principal cutting tool to be used to segment the reactor pressure vessel and 
its contents is an oxy-propane gas cutting torch, which has an optional iron/aluminium powder 
injection to cut stainless steels and refractory components. Extensive inactive trials on this cutting 
tool, particularly aimed at characterising the fume and dust arising from its use, have shown it to be 
particularly suited for use in decommissioning of gas-cooled reactors. 

For concrete cutting, the main technique has been concrete coring and sawing with diamond 
tools, with hydraulic impact tools where it has been necessary to reduce it to rubble. 

Segmenting the top bio-shield (Figure 4.2) into six approximately 10 t pieces was done using 
the thermic lance process. WAGR has been the only project to date to use this technique, which is 
only normally applicable to low contaminated items. The technique was chosen for this work because 
of its particular effectiveness in cutting both steel and concrete. The WAGR top bio-shield was 
constructed of about equal quantities of steel and concrete. Other methods which were considered 
would have required cutting the steel and concrete by separate processes. One-piece lift out and 
segmentation of the shield saved nearly three months on the project programme compared with in-situ 
cutting. 

In use the thermic lance process produced high cutting rates, but did require improvements 
to the ventilation systems to deal effectively with the fumes. The extract rate was increased by a 
factor of four on the design value as a result of experience with the process. 

4.3.7 BNFL co-precipitation plant 

Thermal methods have been avoided for technical and safety reasons due to the presence 
of significant amounts of loose contamination. Two areas are of interest, however. 

In-Situ size reduction 

There is considerable experience of active cutting operations within BNFL, UKAEA and 
other sites. This was drawn upon to obtain a range of tools for trial in the in-situ size reduction of 
the ball mill, bucket elevator and RVF cabinets. For operational reasons thermal cutting was avoided 
but a range of hand power tools was tried, including an orbital action jig saw (for sectioning plastic 
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materials), a reciprocating saw, an angle grinder and a portable bandsaw. The tools which have been 
found to be of greatest value for in-situ size reduction operations have been a nibbler for plate/sheet 
sections (Duplex type N24D) and a circular "cut off' saw for thicker sections (Bosch type 1333.4). 

Contaminated pipework 

For dealing with small bore pipework without loss of containment the crimp/shear tool 
(Grav-atom type 2S.S.1S) has worked very well, many hundreds of cuts having been performed. Most 
have been in 12 mm pipes; it has been used up to 25 mm, although with a marked reduction in blade 
life. To extend the philosophy of severing pipework without loss of containment, but avoiding the 
production of a very heavy crimping tool, we have examined foam filling techniques and have now 
used these successfully on heavy gauge stainless tubing up to 100 nun ID. Actual cutting can use 
any convenient mechanical method. 

Figure 4.2. Top biological shield during thermic lance process 

4.3.8 Shippingport 

The SSDP reactor pressure vessel/Neutron shield package was prepared and removed as one 
piece, because this was more cost effective and reduced occupational exposure when compared lo 
segmentation. Specific thermal and mechanical segmentation practices and tools applied at SSDP 
included the following: 
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Thermal segmentation 

A plasma arc torch was used on large diameter piping, and heavy wall components and 
some stainless steel beams. The technical specification governing removal of contaminated pipe 
identified mechanical methods as the standard for segmentation due to the potential for contaminated 
smoke. The subcontractor responsible for removal of reactor coolant system piping and equipment 
initiated pipe removal by mechanical methods, but quickly sought permission to use a plasma arc 
torch to expedite segmentation. 

Project management allowed the subcontractor to demonstrate plasma arc cutting of primary 
coolant pipe. A reinforced plastic containment was erected around the cutting area. HEPA filtered 
exhaust units were connected to the containment and to the piping interior. Air samples from inside 
the containment revealed that airborne contamination levels did not approach the level requiring 
personnel protection, because the HEPA filter evacuating the piping interior effectively captured the 
smoke and off-gases. 

This approach was effective and project management allowed the subcontractor to expand 
the use of the plasma arc torch for all such pipe cutting without the use of containment tents while 
continuing to monitor for possible airborne contamination. Segmentation of pipe with an outside 
diameter of 8 inches and a wall thickness of 1 *4 inches required on average about 30 minutes. This 
plasma arc cutting was faster than conventional cutting methods and reduced man-power requirements 
and occupational exposures. Other operational considerations for plasma arc torch cutting include: 

- The plasma arc torch must be grounded to protect the operators from electrical shock 
while cutting pipe where residual water was present. 

- The plasma arc torch generates substantial quantities of smoke during operation. The 
HEPA filter units require pre-filters to prevent filter clogging. 

Oxygen-acetylene or oxygen-liquified natural gas torches were not as cost-effective as 
alternatives due to labour needed for staging fuel containers. 

Mechanical segmentation 

Electric reciprocating saws, portable handsaws and hydraulic shears were used extensively. 
The band saws were used on carbon steel and some small diameter stainless steel pipe. The labour 
force preferred these tools due to their light weight, swift and efficient operations. The band saw was 
the best mechanical cutter for piping up to 5 cm in diameter. A reciprocating saw was the most 
versatile tool for segmenting carbon steel piping from 7.5 to 15 cm in diameter and when fitted with 
a high strength steel blade with four teeth per inch was found to be the best choice for cutting small 
diameter, stainless steel pipes. Carbon steel pipe could be cut best with blades which have up to 
10 teeth pT inch. For piping above 15 cm in diameter a guillotine type saw was used. Reciprocating 
power hack saws were used for piping up to 30 cm in diameter and sheet metal or duct work. 

The hydraulic shears was effective on small bore piping, for instance, up to 1 inch schedule 
80 types. However, attempting to cut 2 inch schedule 160 stainless steel pipe resulted in damaged 
shear blades. The application of the shears was limited also by weight and operating controls that 
required a crew of three to four men for positioning and operations. 
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Breaking up concrete is not usually viewed as segmentation. However, there were two 
pieces of equipment that are of interest. The fust piece of equipment was an excavator mounted, 
hydraulic impact hammer, with an impact energy of 1 383 kpm at 350 to 400 blows per minute. 
With this equipment the subcontractor rubblised the concrete up to 1.5 m thick which formed the 
enclosures down to one meter below the final site grade. The impact hammer was then fitted with 
a cross cut chisel for concrete fracturing. The other tool was a circular concrete saw, with diamond 
tipped carbide steel blades approximately 1.3 m in diameter. Tb s saw was used to make horizontal 
cuts 45 to 60 cm deep on the top surfaces of the concrete enclosures prior to use of the hammer. The 
saw severed the concrete and the embedded reinforcing steel bars thai formed a mat 5 cm below the 
surface. 

This improved the efficiency of the hammer. The cut also provided a clean break line along 
the common wall for the general office building which remained. 

A clam shell bucket, not associated usually with decommissioning tools, was used to literally 
rip apart steel frame buildings. The clam shell bucket was suspended from a mobile crane. It grasped 
exposed steel frames and exterior corrugated steel sheathing which were torn free. Operational and 
schedule performance were quick and cost effective. 

4.4 Remote operation 

Many of the projects in the programme required the use of remote operations to safely cut 
and handle waste items of high specific activity. These operations fall into three broad classes: 

- long handled tools; 
- manual or powered tools operated in shielded facilities; 
- computer assisted machines. 

It must be emphasized that there has been little use of the so-called robotic or autonomous 
machines. Decommissioning operations by definition involve the continual changing of the working 
environment and so almost always need to be directly manually controlled. Computer assistance is 
useful in allowing the operator to control movements more easily, for example in the manipulations 
used in JPDR, WAGR and KKN, but overall control always remains with the operator. 

A number of straightforward size reduction or handling techniques developed from standard 
nuclear experience have been applied in several of the projects. Examples of these and the computer 
assisted large machines are described in the following: 

4.4.1 ATI 

The dismantling of blind cells of the ATI installation is being carried out using the ATENA 
machine which is derived from the PIADE machine used for dismantling the ELAN II B installation. 

In both cases the machine has a telescopic strut which can fold away into a confinement 
casing. In the case of ATENA a multi-joint^ TTI allows a distance of 6 m from the shaft of the 
strut to the remote-control manipulator's gri, 
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The ATENA machine has been in service for six months and has fulfilled its role to 
complete satisfaction; however, the high cost of the investment should be stressed, especially in the 
event that it would not be possible to use it again in another installation. 

The MA23 remote-control manipulator, thanks to its excellent dexterity and despite its 
relative fragility (movements transmitted by tapes) is carrying out the dismantling of the cells of ATI 
under good reliability conditions. The investment cost having been reduced by a pilot production run, 
it may be anticipated that this piece of equipment has a fine future ahead of it. 

The RE500 remote-control manipulator which is more powerful than the MA23 (SO kgs at 
the end of the grippers) and of a sturdier design should be the ideal tool for dismantling, but for the 
moment it necessitates a major investment. 

4.4.2 G2 

Automatic machines for cutting up pipe-systems from the outside (SCOUTER) or 
decontaminating by the application of gels inside pipe-systems (SAGAIE) were used effectively for 
dismantling the systems of the G2 reactor. The amount of time required to set up this type of 
equipment should however be noted, as should the relatively low operating speeds which have not 
allowed industrial rates to be attained. The use of these machines thus appears to be limited to 
special cases (nuclear or conventional risks to personnel, zones which are difficult to enter etc.). 

4.4.3 Niederdchbach 

Decommissioning of this vertically oriented pressure tube reactor will take place from the 
inside outwards, under dry conditions, using a remote manipulator that is undergoing delivery tests 
at Noell GmbH, WUrzburg (Figure 4.3). The 351 pressure tubes will be cut out and removed one by 
one. These will be crushed and placed in special concrete waste containers for intermediate storage 
awaiting transport to the final repository (KONRAD). After that the manipulator will remove the 
neutron shielding consisting of 16-28 mm diameter balls. Finally, the machine will use a ring saw 
for cutting up the thermal shield and the moderator tank into sections for placement in drums. 

For performing the above operations, the remote manipulator is equipped with a selection 
of 12 different tools enabling: grinding, drilling, milling, handling a plasma arc torch, vacuuming of 
16-28 mm diameter balls, etc. The machine is hydraulically driven. All the tools are electrically 
operated. 

With the computer-assisted operation of the machine, a tool can be brought to a chosen 
position with a tolerance of ± 10 mm. 

4.4.4 JPDR 

Development of the master-slave robotic manipulator system was initiated in late 1981 with 
the aim of developing the advanced technology of multipurpose remote handling systems for 
deployment in high radiation environments, especially for future applications in the decommissioning 
of nuclear facilities. 
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So far, the following systems have been developed: 

- prototype amphibious robotic manipulator systems with seven degrees of freedom; 
- two kinds of light-duty systems: JARM-10 and JARM-25 with 10 kg and 25 kg load 

capacities respectively; 
- a heavy-duty system: J ARM with twin arms of 100 kg and 25 kg load capacities. 

The JARM-25 system was applied to dismantling a part of the JPDR reactor internal 
structures with the plasma arc torch in order to verify its capabilities in 1988. 

The system worked well and it was recognised that a remote monitoring system, such as 
closed circuit TV, was very important and the force feed-back system applied into the system was 
very useful to adjust the cutting position. 

Figure 4.3. The remote manipulator for dismantling the Niederaichbach reactor 

4.4.5 WAGR 

The main planned remote operations for WAGR will take place over a three and a half year 
period starting at the beginning of 1993. This will involve the use of the remote dismantling machine 
system with its manipulator to deploy cutting tools. The machine is designed around an extendable 
mast which will carry the 2.5 meter, 35 kg payload nuclear manipulator at its lower end. Waste will 
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be removed from the reactor vault using a 3 t capacity hoist which travels between the reactor vault 
and the waste packaging building on rotating runway beams allowing the hoist to access all parts of 
the plant. Control of the whole machine and the manipulator, while assisted by several computers, 
is essentially "man-in-the-loop" with a number of television cameras to enable operators to see the 
work in progress. An important principle in the design of the machine has been the attention paid 
to maintainability, with a number of hands-on maintenance facilities being provided within its 
envelope. 

Other remote operations on WAGR have been completed principally on the items known 
as operational waste (Figure 4.4). These items from the 230 fuel assemblies of WAGR and the 
20 control rods have been segregated into the two categories of low level and intermediate level 
waste. Low level wastes have all been disposed to the National Repository at Drigg. Intermediate 
level wastes have been cut or otherwise size reduced in two existing facilities which were modified 
to suit. The techniques used included carborundum disc cutting with provision for swarf collection, 
and a non-swarf generating swaging technique which was used for control rods. The control rods 
with radiation levels up to 10 Sv/h are the most activated items so far dealt with in WAGR. 

These remote operations have demonstrated how straightforward adaptation of existing 
shielded facilities can provide cost-effective means of size reducing intermediate-level operational 
wastes. Experience with the carborundum disc and swage cutting techniques proved to be good as 
far as tool performance was concerned, but showed some shortcomings with initial productivity rates. 
Analysis of this low rate revealed a higher than expected interaction with other dismantling tasks 
involving the use of the shielded radioactive transfer equipment in particular. A successful solution 
to this problem was adopted by doing most of the operational waste processing on single-task night 
shifts. 

Figure 4.4. WAGR: operational waste plug stringer being removed for processing 
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4.5 Radioactive waste management 

The efficient management of radioactive waste arising from decommissioning aims at: 

- minimising the quantity of waste for final disposal; 
- meeting the quality assurance requirements for disposal; 
- meeting the quality assurance requirements for the recycling release of material; 
- minimising the costs incurred. 

The types and quantities of wastes arising in some of the Projects in the Co-operative 
Programme and their conditioning are described below. 

4.5.1 Eurochemic 

Decommissioning waste consisted of: 

- metallic waste from dismantling of installations; 
- concrete waste from demolition of structures; 
- secondary waste generated during the above operations. 

The total amount of metallic waste was somewhat higher than estimated (10 and 25 per cent 
higher respectively for buildings 6A and 6B). However, a large part cf the metallic waste was later 
decontaminated. Finally, only about 40 per cent of the metallic waste was, therefore, classified as 
radioactive waste, i.e. about 16 t. It should be mentioned that a considerable fraction of this waste 
comprises only suspect components, which could not be measured due to their shapes. 

Concrete waste expectations had been based on estimated thicknesses of contaminated layers. 
Compared to the actual values, there was a 10 per cent underestimation for building 6A and a 25 per 
cent overestimation for 6B. About 60 per cent of the generated concrete waste was removed as 
inactive waste, mainly consisting of massive blocks, obtained from openings in the cell walls. 

4.5.2 G2 

The method used for processing waste material produced by the dismantling of the 
G2 reactor systems is melting in a high capacity arc furnace, set up on the site. The advantages of 
this solution are: 

- a reduction of the amount of cutting; 
• no off-site transport; 
- safety of the arc furnace in the event of water getting in. 

On the other hand, fumes and dust must be kept under control by a major processing and 
filtration installation. Furthermore, depreciation of the installation requires a minimum scrap metal 
volume to be processed (3 to 5 000 t/year). 
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Earlier it had been proposed to decontaminate the steel pipes from G2. For the post-
decontamination measurements for checking the materials prior to their entering the public domain, 
a low-level control panel (LLCP) was developed. 

The apparatus can accept metal parts with a weight of 500 kg and dimensions of 
1.9 m x 0.9 m x 0.9 m. Its sensitivity is 0.3 Bq/g and measurement time is of the order of several 
minutes. 

Such equipment would be very useful, specially if it is easily transferable from one site to 
another and adaptable to the characteristics of waste from various sites. 

As for the graphite comprising the core of the G2 reactor, incineration is proposed after 
appropriate processing of the graphite bricks. A pilot industrial scale study is being carried out to 
check the various incineration parameters as well as to quantify the secondary waste produced 
(especially ash and gas). 

This method is expected to give minimum costs as well as gas (C14 and tritium) discharges 
which are acceptable for the environment. 

4.53 ATI 

The cast iron roof blocks of the cells of ATI (nine blocks with a total weight of 25 t) which 
have surface contamination of about 100 MBq for alpha, beta and gamma contamination per plate, 
were encapsulated in polymer which enabled them to be sent in their existing condition for shallow 
land burial. 

Shallow land burial regulations allow a maximum of 3.7 GBq/t. Measuring equipment has 
been developed to monitor the waste sent from the ATI site. 

The measurement is by the so-called "global method" based on the on the detection of the 
neutrons emitted by the fissions and by alpha-n reactions on the oxygen coming from the different 
plutonium isotopes. 

Four He, detectors are used. The background noise is measured. The equipment is 
calibrated with a standard plutonium source of known isotopic and chemical composition. The 
isotopic and chemical composition of the plutonium in the waste has been previously determined on 
samples in the laboratory. The equipment measures the total neutron emission from the waste. 

All measurements and calculations are computerised. 

4.5.4 Garigtiano 

The operational waste from the plant has been treated as follows: 

Super compaction of drums of low level solid wastes 

In 1988 2 249 drums (200 1) of low level solid waste were treated with a mobile 1 000 t 
hydraulically operated compactor (Wesiinghouse Hillman). For minimising the quantity of waste for 
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disposal the compacted drums were placed in 796 overpacks (320 1), constructed to qualify for 
Department of Transportation C.F.R.49, for a maximum net weight of 360 kg. The requirements of 
the IAEA Safety series No. 6 (1985) were also met. 

Conditioning of high level and medium level wastes 

ElSliL decided to condition the high level activity wastes and the medium low level activity 
wastes with a cement matrix. Cement conditioning was chosen to fulfill the quality assurance 
requirements for disposal at a lower cost than other methods. 

The projects have been approved by the regulatory authorities. Detailed project work is 
going on. 

The solidification has been studied both from the point of view of the mixture formulation 
and of the product characterization, with the final goal to meet all the requirements set by the 
authorities. 

High level wastes 

The project involves the extraction of the wastes from a trench and their introduction inside 
a concrete container followed by filling with a special mixture of pozzolanic cement and inert ballast. 
The number of the concrete containers is estimated to be 8-9. As described above, cement 
conditioning was chosen for meeting the quality assurance requirements for disposal at a minimum 
cost. 

A complete test-programme on simulated nonradioactive wastes has been performed to verify 
the achievement of the requirements imposed by the G.T. (Regulatory Guide) No. 26 of the 
ENEA/DISP, and by the IAEA Safety Series No. 6 (1985). 

Medium and low level wastes 

The project involves the extraction of the wastes from their respective tanks by a special 
device, and the introduction inside a metallic container filled with cement (pozzolanic cement for the 
resins and Portland 425 for the sludges and concentrates). 

A complete test-programme on simulated non-radioactive waste has been performed for the 
achievement by the requirements imposed by the G.T. No. 26 of the ENEA/DISP and by the IAEA 
Safety Series No. 6 (1985). The long-term teachability test for the concentrates gave some problems; 
this test showed values higher than those connected with the same test on resins and sludges. 
However, these values were accepted by the ENEA/DISP as well, because the radioactivity of the 
wastes was very low. 

4.5.5 NlederaUhbach 

A melting facility had been erected at the Karlsruhe Nucleai Research Center where 
approximately 250 t of contaminated metallic waste from KKN were melted. The remaining 750 t 
of contaminated steel were melted by a private German company, which has put into operation a 20 t 
melting facility. The entire material will be utilised as shielding plates in the framework of an 
experiment at KiK. The activated metallic waste from the reactor will be packed on site in storage 
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containers and shipped to KfK for filling with concrete for final storage. For this conditioning most 
of the activated concrete from the biological shield will be used after being ground at the KfK facility. 

4.5.6 JPDR 

Type and quantities of waste 

Radioactive waste arising from the dismantling of JPDR facilities is estimated to be about 
4 100 t. The kinds of the radioactive waste and their activities are: 

Metallic waste 
- Activated 1301 (1.7 • 10M Bq) 
- Contaminated 1 640 t (1.7 • 10'° Bq) 

Concrete waste 
- Activated 1 3501 (4.4 • 10" Bq) 
- Contaminated 8301 (7.4 • 10' Bq) 

Secondary waste 
- Resin, etc 1301 (1.9 • 10'° Bq) 

The evaluation of activities has been made by calculation for the irradiated components such 
as the reactor pressure vessel and the biological shield concrete, and by measurements for the 
contaminated materials such as components, piping and concrete surface of the buildings. The 
amount of concrete has been based on an estimated thickness of contaminated layers. 

Treatment and disposal 

The waste arising from the dismantling operations is classified into metals, concrete and 
other material (thermal insulators, resin, etc) according to the radioactivity level. 

All metallic waste is stored in containers at the storage facilities of the Tokai site of JAERI. 
Concrete waste from the inner part of the biological shield is categorised as low level radioactive 
waste and is stored in containers together with metallic waste in the storage building. Extremely low 
level waste, which comes from demolition of the outer portion of biological shield concrete and 
removal of the contaminated layers, will be buried in the shallow-land disposal which will be 
constructed at the Tokai site of JAERI. 

There are no exemption levels or recycling levels in Japan at present. 

Melting 

An experimental melting facility with a capacity of 500 kg/charge has been erected at the 
JPDR site, where fundamental melting tests will be performed using metals with radioactive isotopes 
and actual metal waste from the JPDR decommissioning. Through these tests, data of the material 
balance, radioactivity balance, characteristics of filter system, etc, will be collected for future use. 
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4.5.7 WAGR 

Types and quantities of waste 

The calculated inventory shows that altogether there are 900 t of DLW solid waste and 
1 100 t of LLW solid waste arising from the decommissioning of the radioactive parts of WAGR. 
In addition, from other parts of the plant including secondary soft waste there is an estimated 
7 500 m3 of waste to be disposed of. This latter measurement is in terms of skip volume. 

Conditioning 

As already mentioned in the previous section on remote operations, ILW operational waste 
has been conditioned to fit within the ILW waste container with its limiting internal dimension of 
1.S meters. Apart from the cutting operations to size reduce the items, a method of crushing the 
253 shock absorbing mechanisms located at the bottom of each reactor channel has been used. After 
conditioning, all ILW waste items have been stored back in the reactor. There are 1 000 of these now 
in store. 

Disposal 

Disposal of all LLW waste from WAGR is proceeding using the National Repository at 
Drigg. No repository exists in the United Kingdom for the disposal of ILW waste. To allow the 
project to proceed and to develop suitable waste containers, the problem of lack of disposal facilities 
for ILW is being solved by the construction of a waste container store. This will be used for a period 
of tens of years before the anticipated repository for ILW materials is available in the United 
Kingdom. 

Recycling/exemption 

All materials from the steam side of WAGR having been shown to be nonradioactive have 
either been disposed of as conventional industrial waste or, in the case of metallic items, have been 
recycled. From within the WAGR containment small quantities (tens of t) of concrete have been 
disposed of as inactive material. This has been from parts of the plant which have not been activated. 
In that case surface contamination was removed by mechanical scabbling, the concrete monitored and 
shown to be clear of radioactive contamination. 

Workable equipment, procedures, and regulations for declaring material from radioactive 
plants as nonradioactive remains one of the major requirements in the United Kingdom to allow 
substantial decommissioning programmes to progress successfully in minimising the amount of 
radioactive material to be disposed of. 

4.5.8 BNFL co-precipitation plant 

Waste generation 

Within this project, waste generation has been in the range 0.5 to 1.0 m3 for each glove box 
which has been cleaned out and disconnected or dismantled. Of this, about two thirds is generally 
ILW. Additionally, the initial volume of the glove box, which is also ILW, must be included and the 
packing factor which can be achieved into final containers must be considered. 

91 



Decontamination of items to LLW 

Redundant equipment from cabinet exteriors was disconnected, dismantled and 
decontaminated. This included motors, gearboxes, speed control units, support frames etc. More than 
90 per cent was monitored as suitable for shallow land burial after light cleaning with nitric acid, 
proprietary decontaminants or paint stripper, having been cleaned to less than 3.7 Bq/cm2 from initial 
levels of up to 37 Bq/cm2. This represents a major saving in disposal costs even with due allowance 
for the labour cost of dw cleaning operations. 

Electrolytic decontamination 

In this project it had originally been intended to test this method on items generated by 
decommissioning on a routine, albeit small-scale, basis. For this purpose it was intended that an 
existing glove box should be adapted for immersion electrolytic cleaning of items up to 
25 x 25 x 50 cm approximately. 

After detailed design and costing it was, however, shown that the process would not be cost 
effective in this application. This is not to deny the merits of a process which can decontaminate any 
ferrous metal (and most others) to unrestricted release levels, but, is due in this case to: 

a) the high cost of modifying the only suitable in-situ glove box, or of providing a new 
one; 

b) the excessive degree of size reduction needed to provide suitable feed stock; 
c) the manpower requirements needed for operation of the process and monitoring of the 

product. 

The reusable modular containment system 

In the co-precipitation plant and other plutonium processing facilities there are several items 
of plant which are heavily contaminated with plutonium and other actinides and of such size that in-
situ size reduction or dismantling is essential to decommissioning. 

For this purpose AEE Winfrith had previously developed a reusable modular containment 
(RMC) system to provide secondary containment and minimise secondary waste arising and the 
opportunity was taken to test this equipment on a major dismantling project. 

From this experience it is clear that RMC structures take longer to assemble/erect than a 
corresponding size of PVC tent, but are easier to clean up and remove, generating a much smaller 
amount of waste in the process (less than 10 per cent by volume). 

In addition, RMC structures are much more robust for decommissioning type operations, 
involving metal cutting work and the handling of heavy components. Finally, it is much easier to 
arrange additional facilities for an RMC e.g. suit showering facilities, posting/drum filling ports and 
other services. 
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4S.9 Shippingport 

Scabbling contaminated concrete 

Waste management should plan for swell of all the materials being removed. For example, 
when concrete is scabbled or earth work is removed, the rubble volume is always greater than the 
initial in-situ volume. At Shippingport, engineering calculations indicated the swell factor for 
rubblised concrete to be approximately 35 per cent. The Shippingport concrete scabbling experienced 
a swell factor that increased the rubble volume by one third over the in-situ amounts. The earth work 
removal varied with the type of soil being removed, with swell ranging from 15 and 25 per cent. 

Decision process involved in preparing SSDP reactor pressure vessel for transport 

The most significant part of the Shippingport project was the one piece removal and 
shipment of the reactor pressure vessel (RPV). Implied in this was qualifying the RPV as a waste 
package acceptable for shipment. Questions regarding the packaging and transport included the 
following: 

- definition of LSA materials for large packages; 
- government regulations for radioactive material shipments; 
- applicability of the IAEA transport regulations by the Panama Canal Authority. 

The significance of the Shippingport project and the potential public visibility of the RPV 
shipment caused project management to take a conservative view of these matters. A programmatic 
decision was to obtain a Type B(U) Certificate of Compliance (COC) rather than ship under the 
United States Department of Transportation (USDOT) rules for a low specific activity (LSA) 
shipment. 

Early project planning for a one piece lift and transportation of the RPV/NST was based on 
the transportation as a standard USDOT LSA shipment as prescribed in 49 Code of Federal 
Regulations (CFR) Part 173.392. Although the overall package contents was well below the 
regulatory limit for this action, project discussions concluded that USDOT LSA requirements assumed 
small shipments with radioactive contents that were precisely known. 

The discussions recommended applying for a USDOT exemption for this one time shipment 
under provisions in 49 CFR 173.52, but there was uncertainty as to what regulations were appropriate. 
The crux of this matter turns on the lack of clear regulation for material that is both LSA material 
and exceeds the Type A quantity limits as defined in both 49 CFR 173 and 10 CFR 71. More to the 
point, the regulations are written to certify the container, not waste that serves at its own container. 

Further complications arose from the absence of a prescribed analysis for LSA/Type A 
packages in the regulations, and for this shipment it was clear that an argument could be made against 
USDOE that whatever was done would not be sufficient. Along with this, transit through the Panama 
Canal involved the possibility that a Certificate of Competent Authority (COCA) might be required. 
The Panama Canal question was resolved when the Panama Canal Commission assured the project 
that the shipment would be considered a domestic shipment and, therefore, not be subject to the IAEA 
transport regulations at the Canal. 

Another reason for being conservative in pursuing a Type B(U) was mat anything less than 
a Type B(U) COC would require certification that the RPV shipment package was indeed LSA. This 
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debate revolved around the definition of LSA as an "essentially uniformly distributed" source. This 
was and remained the most difficult issue. Admittedly, the average specific activity was well below 
the regulatory limit of 107 Bq/g. However, it was not a uniform mixture like uranium ore. The 
regulations fail to provide specific guidance for resolution of non-homogeneity among the contents. 
Only in IAEA regulations under Safety Series No. 37 (198S edition) is a procedure outlined for such 
determination. USDOE and USDOT discussions of verification samples identified concerns over how 
big a sample would be required for a package this size. To further compound the decision process, 
an exact characterization of the RPV/NST based on samples was not available and the revised 
calculation for the source term varied significantly from that originally contemplated. 

During the discussion period, the decommissioning project was progressing rapidly, which 
linked the decision process to irreversible project activities. For example, the preparation for the 
RPV/NST for transport required the placement of an engineered grout mix in the package voids. 
Opposed decisions had to be resolved. 

Viewing all these factors, project management initiated preparation of a Safety Analysis 
Report For Packaging (SARP) in recognition of the potential need for the type B(U) COC. This was 
done in parallel with the decision making process. The prudence of the conservative approach was 
evident on 28 February 1989, when the shipment departed Shippingport, and forty three days later 
arrived at the USDOE Hanford Reservation in the State of Washington for disposal with no undesired 
incidents en route. 

4.6 Health and safety 

Health and safety aspects are paramount in the planning and execution of decommissioning 
projects. The governing policies are identical to those in force for plants in operation regarding both 
radiological and industrial safety. 

4.6.1 Eurochemic 

As a result of intensive cleaning and preliminary decontamination operations that were 
carried out between 1975 and 1979 after the shut-down of the reprocessing plant, the remaining 
radioactivity inventory in the buildings 6A and 6B was extremely low as were the remaining radiation 
levels. 

For these reasons, the dose commitment during the decommissioning and dismantling 
operations, carried out by Belgoprocess, was also very low: 7 mSv/13.7 man-year or about 
0.1 (iSv/manhour, including doses for decommissioning operators and health physics personnel. Thus 
the project benefitted from the former decontamination actions. 

4.6.2 Gentilly-1 

The decommissioning of Gentilly-1, involved the transfer of irradiated fuel from wel to dry 
storage and an extensive decontamination of the Service Building and part of the Turbine Building. 
Based on the radioactive inventory, a total personnel exposure of 66.7 person-mSv was estimated. 
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By developing and implementing a radiological protection programme that ensured 
compliance with the ALARA dose limitation principle, the entire decommissioning operation spread 
over a two year period and, involving 130 employees at the peak period, resulted in a total dose of 
less than 28 person milliSievert 

The key elements of the radiological protection programme were: 

a) Definition of radiation protection and health physics groups in the project organisation; 
b) Definition of health physics principles and radiation protection standards; 
c) Procurement and maintenance of instruments and protection equipment; 
d) Training and qualifying project personnel; 
e) Establishment of a dosimetry system; 
f) Review and approval of work plans to ensure that the ALARA principle was followed; 
g) Maintenance of records regarding personnel dose, calibration of instruments, control of 

effluents, etc. 

Coupled with the Radiological Protection Programme in place to protect personnel from 
radiation hazards was the Industrial Safety Programme to prevent the occurrence of accidents and lost 
time due to injuries. 

4.6J ATI, RapsodU and G2 

In spite of the option of using the ATENA machine and taking into account the low rate of 
irradiation (0.05 m Sv/h), cell 90S of ATI was dismantled manually. This resulted in a reduction in 
the time taken on the operation and, therefore, a saving on the cost of the project, the collective dose 
encountered having been deemed to be comparable to the sum of individual doses resulting from 
unavoidable maintenance operations on operating machinery. 

At the time of dismantling glove-boxes in the installation ATI, which were highly 
contaminated with alpha contamination, an operations workshop was set up consisting of stainless 
steel modular panels. The workshop (a reusable modular containment) works with an underpressure 
of 25 mm watergauge, and has independent ventilation and lock chambers for equipment, personnel 
and tight disposal of waste. The personnel operate in special clothing which remains permanently 
inside the workshop. 

This arrangement allowed complete confinement of contamination. Its relatively high cost 
is compensated by the reuse of the various elements which is made possible by the ease of 
decontamination of stainless steel panels. 

The integrated dose during the operations at ATI are shown in the table 4.2 below. 
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Table 42. Integrated doses during operations 

Maximum 
avenge <" Remarks 

(lO-'mSv/h) 

alpha contaminated cells 

1.3 

0.5 

2,4 

5,4 maximum doses were 
integrated during preliminary 
cleaning period 

Installation of Atena 1 

CeOa 901-902 29 provisional 

Dismantling operations 
with Atena 0,5 provisional 

1) mean dose integrated by the most highly exposed person. 

The collective dose of workers at Rapsodie was 118 manmSv in 1988 and 33 manmSv in 1989. 

For G2, the health physics data was as follows: 

Time Time Number Collective Mass 
of dose dismantled 

(weeks) (hours) workers (manmSv) (t) 

Pilot 52 25 200 13 40.36 40 
zone 

Reactor 16 3 640 13 32.39 63 
systems 

4.6.4 GaiigUano 

Health physics and safety aspects were very important aspects during the planning of the 
project. The policy was to maintain personnel exposure at levels "As Low as Reasonable Achievable" 
and to reduce to "As Low as Possible" the risks of accidents to the personnel and the risks of the 

Main Dismantling 
Operations 

Cell 906 - glove boxes 

Filtration Cell 

Cell 911 

Cell 907a 

Removal of dabs 

Total 
integrated 
doses 
(mSv) 

0 

28 

1 U 

19 

26 

Working 
noun 

• 

4900 

5 100 

3 150 

4400 

Number 
of 

persons 

-

25 

19 

37 

36 
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release of radioactivity. Consequently, the project adopted technical solutions with heavy shielding, 
special tools and very complicated facilities. 

A comparison between estimated and actual collective doses for the activities just completed 
is given below: 

Estimated Actual 

Supercompaction of drums of low level solid wastes 75 manmSv 33 manmSv 

Discharge of fuel and transport to Avogadro (storage site) 184 manmSv 51 manmSv 

Removal of samples from vessel and biological shield 25 manmSv 19 manmSv 

The estimated values for future planned activities are the following: 

Conditioning of high level activity wastes: 60 manmSv 

Conditioning of medium level activity wastes: 88 manmSv 

Arrangements of the reactor containment with 
its contents in stage 1 decommissioning state: 200 manmSv 

The estimated collective dose for the total dismantling of the reactc containment is 
7 manSv, 10 years after the shutdown, using current technology. 

4.6JS JPDR 

To assure the radiation protection of workers, the following precautions and measures are 
taken: 

- evaluation of worker's exposure and optimisation of working procedures for each 
activity; 

- daily measurements and reviews, both of radiation exposure at working areas and of 
radiation dose for workers; 

- use of local ventilation systems and temporary shielding; 
- remote and/or underwater handling for highly activated components. 

For the protection of the public, the reactor containment and the building walls are utilised 
as a boundary to prevent a release of radioactivity from the working area to the environment. The 
existing ventilation systems of facilities are also used. Radiation monitoring systems for discharge 
of gaseous and liquid wastes will be in use until all radioactive materials are removed. 

Cutting of highly activated components, such as the reactor internals and the RPV itself, was 
performed safely using remotely operated underwater cutting techniques, such as the plasma arc and 
arc-saw cutting machines. There were no problems with the radioactivity in the air and water, 
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hydrogen concentration, etc. The use of local ventilation systems was recognised to be effective for 
the prevention of the spreading of radioactive materials that could have resulted in inhalation by the 
workers and the contamination of working areas. 

The total manpower used and total radiation dose to workers until August 1990 are 
36 000 mandays and 0.24 manSv, respectively. The manpower expenditure so far agrees well with 
the planned value, but the radiation exposure has been about half of the planned estimate. It is 
considered that this lower radiation exposure of workers has been the result of the use of remotely 
operated systems and appropriate planning and management as well as overestimation. In the JPDR 
it was found that overestimations have been made on dismantling activities where the radiation level 
is relatively low, i.e., almost background level. Comparison between planned and measured values 
in various typical activities is shown in the following table: 

Area and Dismantling 
Activity 

Reactor enclosure 
Emergency condenser 
Forced circ. pumps 
Fuel transfer coffin 
In-core monitor nozzle 
RPV cut by plasma arc 
Installation of water tank 

Dump condenser building 
Dump condenser 

Dose rate 
(msv/hr) 

B.G 
0.03 
B.G 
0.06 
0.01 
0.2-0.8 

B.G 

Worker's Exposure 
(manmSv) 

Estimate 
(E) 

2.2 
36.0 
0.5 
0.2 

20.0 
90.0 

3.8 

Measure 
(M) 

0 
1.6 
0.02 
0.15 
3.6 

84.0 

0.2 

Ratio M/E 
(%) 

0 
6 
5 

84 
18 
90 

7 

Note: B.G = Background 

4.6.6 WAGR 

Overall, the safety record for the WAGR project has been very good. There has been one 
major accident to a limb of one of the employees, otherwise all other accidents have been of a minor 
nature involving slipping or mishandling of materials. 

The collective radiation dose for the project has averaged 100 manmSv per year for the 
years since ii began. 
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4.6.7 BNFL co-precipitation plant 

Dose commitment 

The project overall mean for all decommissioning workers is about 16 uSv per manhour but 
this masks significant variations such as: 

a) Early operations, especially refurbishment, involved higher rates of exposure than 
subsequently, with improvements due to removal of bulk residues and the provision of 
additional local shielding. 

b) Operations on units which bandied bulk dry materials, such as the ball mill floor 
removal, may give much higher dose rates, (25uSv/manhour for process operatives, 
40 uSv for tradesmen). 

c) There is a consistent bias towards higher radiation exposure for engineering personnel, 
because they are the operatives spending most time close to radiation sources, e.g., 
sectioning glove boxes rather than removing, measuring and packaging the items 
removed. 

Problems and incidents 

Two incidents have resulted from use of the crimp/shear tool. In the first, restricted access 
and work hardened pipe resulted in inadequate sealing of a pipe highly contaminated with fine mixed 
oxide powder, and the release of activity resulted in considerable decontamination work. On die 
second occasion, an operator experienced a contaminated wound (but no uptake of plutonium) due 
to a fine sliver of metal attached to the blade. This problem was traced to an incorrect setting up 
procedure. More suitable gloves have now also been adopted. 

The most serious incident so far resulted in temporary suspension of four workers from 
active duties, although it is now known that all have negligible uptake. This was caused by accidental 
removal (due to its corroded condition) of an internally contaminated vacuum line in an otherwise 
non-active/trace active work zone. 

The main problem throughout the whole project has been that of radiation exposure and it 
is obvious that work procedures for decommissioning to current standards need to be more stringent 
than those that were necessary when the plants were originally designed. For dose control, for 
example, there is clearly much scope for developing techniques to improve the situation such as 
cleaning and shielding methods and ways of planning and controlling radiation doses as precisely as 
possible. Remote operations and computer modelling to optimise manpower usage and radiation 
protection are both being considered for subsequent projects. 

4.6.8 Shippingport 

As low as reasonably achievable procedures 

Shippingport policy was to maintain personnel exposure at levels that are "As Low As 
Reasonably Achievable", or as commonly termed, ALARA. This practice was recommended by the 
International Commission on Radiological Protection and required in USDOE Order 5480.1. The 
ALARA objective was to manage the project to reduce personnel exposure. Expending resources, 
generally up to 200 kUSD per manSv avoided, could be justified for this purpose. 
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Project management established a challenge goal to keep personnel exposures at least a 
factor of two below the Shippuigport Decommissioning Plan estimate of 10.07 manSv. As a major 
management practice for ALARA, special attention was given to review of work procedures and 
observation of work practices with an awareness to methods for reduction in personnel exposure. 
Also, performance requirement in subcontracts were related to ALARA practices. Classroom and 
mockup training was done so that workers would become familiar with their job before entering the 
exposure area. These techniques resulted in an actual exposure of only 1.55 manSv. 

Key lessons learned in the application of ALARA were: 

To include requirements for ALARA in the subcontracts award. 
- To review the subcontractor's procedures carefully. 

To monitor compliance of work with procedures. 

Safety 

An industrial safety programme was implemented primarily through the use of a safety 
manual. SSDP safety experience, over the life of the project, was a total of 1 304 652 manhours with 
31 cases of accidents and 324 lost time work days. The United States National Safety Council 
records for broadly similar demolition work report an annualised total case accident rate of 18.5. The 
equivalent Sbippingport annualised total case accident rate was 4.75. 

Notes 

1. For more details, refer to Euratom Report EUR 8801 DE "Die Aktiviermg des biologiscken 
Schildes im stillgelegten Kernkraftwerk Lingen". (Page 59) 

2. Sponsored by the Commission of the European Communities as part of the Community 
Research Programme on the Decommissioning of Nuclear Plants and Installations (1979-
1988). (Page 71) 

3. The work was partly financed by the Commission of the European Communities. (Page 74) 
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5. Decommissioning Costs 

5.1 Background 

At its meeting in February 1989, the LC created a small working group, whose task was to 
try to identify dw reasons for the large variations in reported cost estimates for tbe decommissioning 
of nuclear facilities. The terms of reference for this Task Group on Decommissioning Costs were as 
follows: 

- Definition of a unified terminology and list of terms for cost estimation. 
- Inventory of cost estimates for existing decommissioning projects. 
- Discussion of the criteria used for these estimates. 
- Identification of aspects of discrepancy between these cost estimates and their reasons. 
- If possible, definition of an agreed set of criteria and formats for costing purposes. 

In addition to the above terms of reference, the Task Group agreed on some additional 
guidelines as follows: 

- The term "Decommissioning Costs" would be considered as all costs from the 
termination of power generation up to the achievement of a "green field" condition at 
site. 

- Away-from-site activities, such as the reprocessing of fuel and the disposal of the 
secondary waste or the direct disposal of fuel, were to be excluded. 

- The planning and basis of the cost estimation were to be such that it would be 
applicable to research and power reactors of all types as well as to fuel reprocessing 
plants. In addition, the cost estimation should cover both delayed and immediate 
dismantling of all such nuclear facilities. 

The Task Group was composed of representatives from Belgium, Canada, France, the 
Federal Republic of Germany, Japan, the United Kingdom as well as the Programme Co-ordinator, 
who acted as the secretary. The group was chaired by Dr. Ulrich LOschhorn. Since its first 
constitutive meeting in Paris in March 1989, the Task Group has held five meetings. 

5.2 Matrix overview of decommissioning tasks 

As an initial exercise, the Task Group made a broad division of decommissioning into tasks 
that may have to be executed for delayed or immediate dismantling of all civil nuclear facilities. All 
tasks need not necessarily be performed for all decommissioning projects. 
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The decommissioning tasks were classified into the following cost groups: 

01 pre-decommissioning operations; 
02 facility shutdown activities; 
03 procurement of equipment and material; 
04 dismantling activities; 
05 waste treatment and disposal; 
06 security, surveillance and maintenance; 
07 site clean-up and landscaping; 
08 project management, engineering and site support; 
09 research and development; 
10 fuel; 
11 other costs. 

Tbe decommissioning tasks were then introduced into cost groups to form a matrix overview 
table where the costs for each task occurring during the various periods of decommissioning were 
listed under the following period headings: 

plant shutdown; 
- stage 1/Stage 2 decommissioning to achieve dormancy state; 
- dormancy; 
- stage 3 decommissioning to achieve "green field" status. 

S3 Cost comparison of projects in the co-operative programme 

General 

Copies of the matrix table were sent to the managers of all projects within the Co-operative 
Programme, with die request to fill in their respective costs as best as they could. Of the fourteen 
projects listed in the programme at the point in time, no cost figures were available from two projects. 

Replies were received from the other 12 projects in the Programme, thus providing a basis 
for analysis. The replies varied in the detail in which die cost figures were shown, depending on the 
local circumstances. A scrutiny revealed also that: 

- in many cases the cost figures given straddled over more than one cost item or group 
so that it was impossible to identify die cost figures explicitly for each group; 

- the "zero" costs reported for many cost items/groups represented, in many cases, actual 
costs that may have been reported outside die project; 

- terms like "labour", "expenses" and "capital equipment/material" were not being used 
to denote die same type of costs in die various projects. 
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The 12 projects from which replies were received were grouped as follows: 

A. Reactors being decommissioned to Stage 3 (1) 

• Gentillyl 
• KKN Niederakhbach 

Lingen 
• JPDR 
• Windscale AGR 

Shippingport 

B. Reactors being decommissioned to Stage 1 or Stage 2 

• Rapsodie 

• Garigliano 

C. Fuel reprocessing facilities 

• Eurochemic 
• AT-1 
• BNFL Co-precipilation Plant 
• West Valley 

54 Results from group A 

As mentioned earlier. Group A consists of projects on reactors being decommissioned to 
Stage 3. The total "raw" costs of these reactors are summarised in the table below. In the table the 
cost of each group is shown as a peicentage of that individual project's total cost. It is to be noted 
that these are not final figures. Analysis is still proceeding. The Lingen costs have not yet been 
processed. 
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Table 3.1. Reactors (Stage 3): percentage division of costs 

Gentilly-l KKN JPDR WAGR Shippingport 

1. Pre-decommissioning operations 

2. Facility shutdown 

3. Procurement of equipment and 

material 

4. Dismantling activities 

5. Waste management and disposal 

6. Security, surveillance and maintenance 

7. Site clean-up and landscaping 

8. Project management, engineering and 

site support 

9. Research and development 

10. Fuel 

11. Other costs 

Total percent 

100.0 

2.4 

2.6 

1.7 

10.3 

11.0 

20.4 

01. 

16.7 

0.1 

1.7 

33.0 

100.0 

100.0 

1.3 

0.1 

12.6 

41.7 

8.8 

7.8 

1.7 

16.7 

3.7 

0.0 

6.4 

100.0 

100.0 

1.2 

0.0 

10.5 

36.2 

4.8 

3.9 

2.2 

8.4 

23.7 

9.1 

0.6 

100.0 

100.0 

0.4 

3.7 

23.0 

42.0 

1.0 

3.2 

0.5 

5.7 

12.3 

1.4 

0.8 

100.0 

100.0 

9.2 

1.3 

0.0 °> 

28.2 

7.9 

7.2 

0.3 

24.5 

0.0 <" 

0.0 <" 

21.3 

100.0 

/ ) Included elsewhere or not included in project budget. 

The costs for the projects in Group B and Group C were also tabulated in a manner similar 
to those in Group A. 

5.5 Factors of possible significance for cost variations 

The projects whose costs have been analysed represent a very diverse collection of types and 
sizes of plants (reactors and fuel facilities). Even within the same group, there was a wide range of 
types of facilities. For instance Group A consisted of a PWR, a BWR, an AGR, an H*0-cooled, D*0-
moderated reactor and a gas-cooled, DHl-moderated reactor. 
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As was mentioned earlier, Uiere have been difficulties and misunderstandings in die 
definitioos of the contents of the cost matrices, that need to be sorted out. So a deeper analysis and 
clarification of die replies from die projects will have to be carried out before definite conclusions 
can be arrived at. In spite of all these factors, the scrutiny of die matrices and die discussions in me 
Task Group have brought to light several factors diat can give rise to significant variation in cost 
estimates. These factors can roughly be grouped under three headings. 

- Geographical 
Technical 

• Economic/Finnicial 

It is to be noted that the grouping is mainly to structure die identification of factors. 

Some examples of such factors are: 

Geographical 

• Location of plants 

• Availability of waste disposal sites 

Technical 

Type of facility 
• Stage of decommissioning 
• Single-piece or segmented disposal of large components. 
Economic/Financial 

• Budget or accounting treatment 
• Overheads/contingencies 
- Labour costs 

Taxation 

5.6 NDC expert group on decommissioning costs 

The NEA Nuclear Development Committee (NDC) have assembled an Expert Group on Cost 
Analysis of Decommissioning Nuclear Power Plants. 

In response to a request for co-operation from die NDC Expert Group organisers, the LC 
directed die Task Group to liaise widi die NDC group. The Task Group has accordingly informed 
die NDC Expert Group of the Programme of Work and provided a preliminary listing of tasks and 
operations. 

It is to be noted that, while die Task Group has been focusing its analysis on die reported 
costs and estimates of a number of actual decommissioning projects, die NDC Expert Group has been 
looking at the predicted cost of decommissioning large commercial nuclear power plants in the future. 
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5.7 Summary •"*• current status 

Following die directive of die LC, the Task Group prepared a cost matrix and invited 
members of die TAG to respond. This was done by the managers of 12 projects in die Co-operative 
Programme. 

A scrutiny of die replies revealed, however, that comparison between die projects was 
complicated by varying interpretations of the definitions used in die cost matrix and its hems. In 
order to arrive at more comparable data, the Task Group has been, in a series of questionnaires, 
progressively refining the information from the projects. As a result, the contents of die cost groups 
are relatively similar and terms like labour, expenses and capital equipment/material are, in most 
cases, used to denote the same type of costs in die projects being compared. 

It is proposed to use the refined data from toe projects to construct "model" projects so as 
to help identify the discrepancies and special cost aspects of the individual projects. This work has 
been completed in 1991. 

Note 

1. Gentilly 1 has been decommissioned to a "static0 state (between Stage 1 and Stage 2), but 
costs have been calculated for achieving a Stage 3 decommissioning. Similar costs have 
also been calculated for Lingen, which has been placed in a Stage 1 condition. (Page 103) 
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6. Status a n d Perspect ives o f Decommiss ion ing Techno logy 

The individual decommissioning projects participating in the Co-operative Programme have 
already produced a great deal of technical and financial information which has been summarised in 
Chapters four and five. It is now appropriate to take stock of the situation and identify any change 
in emphasis which may be desirable as the programme moves into its second term. Although each 
participating organisation will have different perceptions of the optimum decommissioning strategy, 
conditioned by the local regulatory framework and the waste disposal options available at the time, 
there is a great deal of common ground. In particular, the participants see a progressive move from 
an atmosphere of development and demonstration towards a more routine industrialisation of the 
decommissioning process, in an analogous way to the transition in reactor construction from 
prototypes constructed by the central development authorities to fully commercial generating stations. 

In spite of the different strategic perceptions created by the variation in local conditions, 
there is very considerable commonality when it comes to the definition of the sequence and methods 
to be followed in a decommissioning project. Local conditions tend to influence decisions on timing 
and the detail of waste conditioning and disposal, but have only a small effect on the engineering 
problems of dismantling, decontamination and handling. Thus, a broad objective for the future 
programme would be to concentrate on those areas which are of universal interest and in particular 
to concentrate on the systematising of the information coming out of the various individual projects 
so that there is an easily accessible source from which the practical experience generated by the 
programme can be abstracted. An example of the progress already being made along these lines is 
the study of decommissioning costs. Performance of the cost comparison exercise has highlighted 
the difficulty in arriving at common definitions for tasks, a prerequisite of any meaningful firancial 
analysis. 

Ultimately the goal of industrialisation can only be achieved on the basis of a sound 
understanding of the techniques of dismantling, decontamination and waste handling and of the costs 
associated with each step. Accurate estimates of the financial commitment at each stage must exist 
before the decommissioning process can be considered as truly industrialised. Chapter four contains 
a wealth of information which will go some way towards providing the basis for more precise 
planning and estimating but considerable work remains to define and systematise the available 
information and to extend the information base before the current uncertainties can be removed. 

6.1 Technical information exchange and utilisation 

An examination of Chapter four reveals that two broad topics provide a common theme to 
all contributions. Firstly, the minimisation of radiological hazards to the workforce and the control 
of the safety of the dismantling operations. Secondly, the optimisation of the dismantling sequence 
and timing to minimise the total decommissioning cost. The latter is quite strongly influenced by 
local considerations, so that what is optimum under one set of circumstances is not necessarily the 
best at a different location. Within this chapter, six separate topics associated with decommissioning 
are discussed: 
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- Inventory assessment; 
- Decontamination methods; 
• Cutting techniques; 
• Remote operation; 
- Radioactive waste management; 
- Health and safety. 

Of these, only the fifth is subject to major local conditions variations. However, there is 
a significant difference to be perceived, albeit across all projects, between plants such as reactors, 
where the problem is largely one of activated materials together with some beta-gamma 
contamination, and, for example, fuel cycle plants where the problem is wholly one of contamination 
wif'i in most cases a significant alpha problem. 

Each of the technical areas will be examined both from the point of view of summarising 
what has been learned and of highlighting remaining uncertainties. 

6.1.1 Inventory assessment 

Knowledge of the radioactive inventory is a key requirement throughout the 
decommissioning process, being needed for the initial planning, for the control of waste during 
dismantling and for the disposal of the site at the conclusion of the programme. Most of the data 
coming out of the programme are associated with reactors. There is considerable commonality of 
broad methods, although the codes used at each step in the calculation tend to be chosen on the basis 
of local history and preference. Comparisons between the theoretical assessment and direct 
measurement are reported which can be used to validate the subsequent use of the method and for 
activated material the general position is encouraging. Very little work has been reported on 
contamination modelling. This is not surprising as the theoretical problems are by no means 
straightforward, involving as they do both mass transfer and surface chemistry. 

Developments 

The comparative success of activation calculations needs to be consolidated by a collection 
and collation of the available and forthcoming data to enable codes to be validated and uncertainties 
to be accurately quantified. 

Methods of surveying and sampling being utilised within the programme need to be 
evaluated for accuracy and radiation dose commitment. 

The situation of contamination modelling is considerably less developed than that of 
activation modelling. Any improvement on this situation is dependent on the progress within 
participating projects, which in turn is dependent on whether the most cost effective way of achieving 
the required level of knowledge is perceived as direct measurement or development of a model 
supported by direct measurement. 

6.1.2 Decontamination methods 

Decontamination is a mature subject, being a technique widely used operationally in the 
nuclear industry, not only in decommissioning. Within decommissioning there are three main 
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economic arguments for the application of decontamination. The first is that decontamination may 
so reduce the activity levels that manual dismantling may be possible when previously only fully 
remote techniques would have been acceptable. Alternatively, decontamination may be used to allow 
the bulk of the waste to be recategorised downwards whilst the main radioactive inventory is 
concentrated into a small volume of intermediate level waste. Finally decontamination may allow the 
recycling of the bulk of the waste, particularly attractive economically where the material is of high 
value. The main difference between decontamination as applied to an operational plant and as applied 
to a plant under decommissioning is that more aggressive reagents may be used in the 
decommissioning environment, because the plant is no longer required. 

A very large body of published work exists both within and outside the present programme, 
so that there is no shortage of information on decontamination techniques. Where the programme 
does help specifically is in providing the practical experience of applying some of the techniques on 
an industrial scale to plants not primarily designed with ease of decontamination in mind. In 
particular, cost data from real projects are invaluable in firming up on the economic arguments for 
and against decontamination. 

Development 

The basic technical data already largely exist, whits' the programme is producing cost and 
performance data in real project situations. In order to make the information accessible in a 
convenient form, it may be that it should be incorporated into an expert system so that for any 
problem the Project Manager is both guided towards the technically appropriate method and assisted 
in assessing the likely cost and the efficiency of the treatment. Essentially, as the subject moves 
towards industrialisation it is inappropriate that decisions cannot easily be based on the best available 
knowledge on the topic. Aids to effective decision making are key to the industrialisation aim. 

6.1 J Cutting techniques 

Most common methods of material cutting have been utilised somewhere within the projects 
covered by the programme. Because the techniques arc being applied to active plants, there is a clear 
preference for those which produce small quantities of easily controllable secondary waste and which 
lend themselves to remote deployment. 

The information on this topic provided in ChapLr four has been collated into a form which 
allows the experience generated by the programme (o be readily applied to any new problem by 
reference to a series of tables (Tables I to III). Examination of the tables shows that there is no ideal 
cutting technique and that a choice has to be made based on balancing rhe strengths and weaknesses 
of a particular method within the constraints of the material ar.d article which must be cut and the 
environment within which the cutting method has to be deployed. In general, high costs are not 
associated with the cutting head itself but with the associated deployment system, if it is to be used 
remotely. Therefore in economic terms, equipment which is simple to deploy and control will have 
an advantage, unless there are counterbalancing costs such as high secondary waste volumes. The 
programme has been particularly effective in providing a base of real operational experience for a 
variety of cutting techniques. 
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Developments 

Some extension of existing methods is required, particularly in the area of segmenting very 
thick pressure vessels and, in spite of the very considerable progress made, there is a continuing 
requirement to exchange practical data. Cold cutting techniques have some attractions, because they 
produce little or no secondary waste at the sub-micron level, in the form of particles, with the 
resulting decrease of the risk of internal radiation exposure by inhalation. The diamond wire saw 
shows promise for cutting thick materials and high pressure water jet cutting could also be a useful 
cold technique. 

As has been indicated previously, no cutting technique is completely without difficulties and 
it is in detailed practical changes and innovation that most progress is likely to be made. Reducing 
the size and weight of the cutting system itself, improving and simplifying the control systems 
necessary to optimise cutting efficiency, making performance less critically dependent on deployment 
parameters such as stand-off distance and angle and improving the life of cutting systems before 
attention is required are all areas where there is room for improvement. It is unlikely that, in the 
short term, radical new approaches will come along to replace the existing well tried if imperfect 
techniques. 

Ventilation and filtration 

Because of the propensity for cutting operations to produce finely divided secondary waste, 
ventilation and filtration is an integral consideration. Although most plants to be decommissioned 
will have an existing operational ventilation system, it may be unsuited to the duty required of it 
during the decommissioning phase. Although most of the participating projects will have had to 
address the problem, very little information at what is a fairly detailed level has been exchanged. 
Nevertheless, it is known that at least some of the projects have invested considerable thought and 
development into the problem. 

Developments 

The first step would be to collect and review the information already available within the 
programme, which is substantially more extensive than is indicated in Chapter four. Of particular 
interest is whether the original ventilation systems proved adequate for decommissioning. If not, were 
they modified or replaced by purpose built systems. How have the high aerosol producing techniques, 
such as thermic cutting, been handled and what techniques are available for reducing secondary waste 
volumes by the use of regenerating filters. 

6.1.4 Remote operation 

Remote operations can be justified under two separate headings. The most obvious is in 
situations where the radiation field is such that manual operations are impossible. Less obvious, but 
equally valid is where, although manual dismantling would in theory be permissible, the collective 
dose associated with such a course is perceived as unacceptably high either on general risk grounds 
or because the productivity effects of short working times on the rate of achievement of objectives 
are shown to be unacceptable economically. The requirements in the two cases are somewhat 
different. 
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In the first instance the equipment must be capable of completely remote deployment and 
operation, replacing the handling and control capabilities of a man completely. It must also be 
recoverable from the high radiation area even if it totally fails, because maintenance is only possible 
outside the area. 

For the second problem much simpler and less expensive solutions can be effective, because 
brief personal interventions by an operator are possible, either to reposition the equipment for further 
work or to withdraw it after failure. 

6.1.4.J Robotics/manipulation 

Consideration of the work reported in Chapter four shows that three main types of 
equipment have been used, the choice being governed by the geometrical nature of the problem. For 
reactor dismantling advantage is taken of the circular symmetry of the work piece and manipulators 
lend to be rotary and mast mounted. In the case of hot cells a more appropriate mounting is found 
to be a telescopic articulated arm allowing an extended reach not restricted by considerations of 
symmetry. Finally, fully mobile remotely controlled robots allow even more geometrical flexibility 
at the expense of increased complexity. Robotics is an area of wide study and, in addition to the 
work reported here, attention should be drawn to the survey by Montjoie and Crtgut of the CEA as 
well as the work being carried out under the CEC Teleman Programme. 

Developments 

Technical development of robotic arms and their associated control systems is proceeding 
in nearly all the participating countries. Whilst it can be anticipated that fully remote systems will 
continue to be refined, made more versatile and become less difficult to use, it is in the area of semi-
remote operations that the most widespread application can be expected. Downward pressure on 
permissible dose levels is progressively leading towards the replacement of hands-on work by partially 
remote techniques. 

The Programme can provide a very important service by recording and reporting the 
performance of remote and semi-remote equipment in an operational environment and highlighting 
both successes and difficulties. 

6.1.4.2 Viewing 

Dismantling consists of a series of similar but not identical operations and so it does not 
lend itself to full repetitive automation. At the present state of development of robotics, human 
intervention is required as a minimum to set up the sequence for an operation. Remote dismantling, 
therefore, requires viewing to allow effective control. Although less information has been exchanged 
on this topic, the successful execution of several remote tasks implies the existence of adequate 
viewing systems. Indeed, it is known that several projects have made significant investment in the 
development of remote viewing systems. 
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Developments 

Remote viewing is an area where a considerable development programme has been and is 
taking place. The contribution that the Co-operative Programme can make is in the practical 
evaluation field. There are several alternative systems for providing a view of the work area, 
adequate to allow control of remotely deployed tools. Orthogonal monocular viewing as contrasted 
with stereoscopic viewing, colour as compared with black and white, optical as compared with 
television, together with various other systems, have all been considered. Each participating project 
involving remote operation will use one or more of such systems to facilitate control. 

Reports of the efficiency of the chosen method or methods in a real situation, when collated 
and evaluated, will be invaluable to support decision making in the future. 

6.13 Radioactive waste management 

Waste management must ensure the safe, efficient and economic handling and disposal of 
the waste streams generated by the decommissioning activity. Although local conditions, national 
regulations and policy affect decisions made in this field perhaps more 'M any other, there are still 
considerable areas of common interest. Optimisation of the waste strategy has a key role to play in 
the decision making process for the whole project and it is for this reason that variations in local 
conditions attaching to waste disposal or recycling can have significant effects on decommissioning 
policy within a particular country. 

Industrialisation of the whole decommissioning process implies the availability of adequate 
routine methods to monitor and accurately classify waste so that the optimum disposal route can be 
chosen. 

Savings are potentially possible by means of volume reduction, waste category downgrading 
by decontamination or segregation, together with care to minimise secondary waste production. 
However, some investment is necessary in each instance and the optimum strategy needs to balance 
costs against savings. Again, whilst the position of the optimum may vary from location to location, 
the information necessary to arrive at the optimum will be common. 

6.15.1 Component radioactivity monitoring 

Monitoring of waste has to satisfy two requirements. Classification of waste is generally 
based on the specific activity. For more highly activated components classification is not a problem. 
However, as the level moves downwards towards free release, there are major technical difficulties. 
Free release levels are set so low in many countries that not only is it technically difficult to monitor 
for such levels on an industrial scale, but also the required levels are below those of some commonly 
occurring natural substances. In the case of homogeneous bulk materials, sampling and laboratory 
assay can be used to support applications for free release, but where homogeneity cannot be claimed 
there is a need for industrial scale monitoring plants capable of processing large volumes of material 
such as concrete rubble. 

For materials above free release level there is a second requirement for monitoring systems, 
which is to provide the information required for the Quality Assurance of the waste disposal route. 
Here, not only is bulk activity required but also the breakdown between specific nominated isotopes. 
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Many of these are impossible to measure in bulk and so they must be deduced from the levels of 
measurable activity components supported by chemical and radioactive assay of samples taken from 
the bulk. 

The participating projects are addressing these problems individually, but few details of the 
proposed and actual plants and techniques have so far been exchanged. Three specific systems have 
been reported: at Marcoule and KKN to clear material for free release and one specific to alpha 
material at The Hague. 

Developments 

Information exchange on this topic needs to be increased. In particular, those parameters 
which are relevant to the industrialisation of the monitoring process for the varying systems in use 
should b~" reported. 

The key characteristics are: 

- accuracy and precision; 
- detection limit (related to counting time and throughput); 
- shape and nature of waste handled; 
- ability to detect hot spots and hidden activity; 
- types of radionuclide measured; 
- supporting measurements required; 
- calibration methods; 
- approvals required; 
- degree of automation and industrialisation. 

Desirable developments related to industrialisation are optimisation of throughput and 
counting times, recognising that precision needs only be adequate to satisfy the regulatory 
requirement. The ability to handle different materials and physical forms is important. 

6.15.2 Waste packaging and management 

Each participating project has addressed the problems of waste management within its own 
environment. The individual solutions differ because of the availability of different final disposal 
routes and different criteria for acceptance through those routes. Genetically, all projects attempt to 
minimise the volumes of the radioactive waste streams either by improving packing efficiency, 
decontaminating to reduce the category or by remelting materials with very light surface 
contamination to provide feed stock for free or restricted reuse. 

It is apparent that there is some difference in economic perception between the participants, 
techniques which are rejected as uneconomic by one being embraced by another. This suggests that 
it would be fruitful to compare the assessments which came to such differing conclusions and identify 
the reasons for the divergence. 

Extensive studies have been made of metal melting, compaction by compression and 
incineration as methods of waste volume reduction. Packaging for final disposal frequently involves 
embedding in an immobilising matrix such as cement. However, the plans for national repositories 
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are at different stages in the various participating countries and this results in differing degrees of 
uncertainty as to the final form waste should take. 

Developments 

One of the most important developments is completely outside the control of the present 
programme as it is the specification and construction of national waste repositories. However, within 
toe programme there is valuable information on the economics of various strategies and techniques 
for waste conditioning and packaging which can be exchanged. A specific problem which appears 
to be common to several projects is the disposal of reactor graphite. Presently two diverse approaches 
are being considered, encapsulation and disposal or incineration. Collaboration and exchange of 
information would be particularly helpful in this area. 

6.15 J Material recycling 

Lightly contaminated or extremely low activated material can become suitable for reuse after 
melting, either as free release material or for restricted use within the nuclear industry. This is partly 
because surface contamination becomes dispersed in the matrix and partly because some of the 
activity can be removed in the slag. Many participants either have or are considering such plants; 
JAERI, KKN and Studsvik all have such plants. Marcoule and some United States installations are 
planning plants of this kind. Other projects are studying the economics for their particular 
circumstances. Although steel remelting has been the high profile activity, retnelting and reuse of 
lead has been successfully achieved by several projects. Material may become suitable for recycling 
either because it can be shown to be below the relevant levels without treatment or because it can be 
decontaminated to such levels. In general, the higher the value of the base material the more 
expenditure can be justified on decontamination to allow recycling. 

Developments 

More industrial experience is accumulating on the operation of melting plants and the front 
end conditioning required. As economic data for real plants emerges, so the basis for clear 
commercial operation should emerge. 

6.1.6 Health and safety 

As for all activities involving radioactive materials, decommissioning is constrained to work 
within the regulatory framework. However, one aim of decommissioning is to reduce the overall risk 
from the redundant facility. Clearly, an important part of the equation is the cumulative dose to the 
workforce and its associated risk which can be considered as the price to be paid for the reduction 
in risk as a result of the decommissioning activity. Because of the analogy between dose and finance 
in this respect, it is common practice to associate a dose budget with a particular operation. A prime 
object of the programme must be to exchange the information necessary to construct a tabulation of 
dose accumulation against each of the main types of operation associated with decommissioning. 
Some information has already been provided but needs treatment and evaluation before it can be 
transferred to other projects. Dose budget controls total risk and is a basic element for the 
implementation of the ALARA principle for optimisation of protection. Individual risk is controlled 
by statutory dose limits and specific dose constraints established by the regulatory authorities. 
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Experience reported to date by the participating projects does not suggest that any unique 
problems have so far been expenenced. On the other hand, after the publication of the new ICRP 
recommendations (Ref. ICRP Publication 60), there is downward pressure on the permissible levels 
of occupational exposure and it is already apparent that to meet projected new limits operations which 
previously were entirely manual will require to become partially remote and tasks which have 
previously been performed by partially remote means will now require fully remote solutions. As an 
alternative, where it is possible, decontamination can be used to reduce radiation fields to levels at 
which manual operation is again practicable. Detailed method changes such as these will reduce to 
some extent the value of the experience already accumulated. 

Developments 

Although some potentially useful data has already been reported on the collective dose 
associated with particular operations, further information is required on the activity levels and 
radiation fields before the information can be scaled to use in a predictive mode. An extension to 
the information gathering exercise would be to provide, in addition to the actual dose accumulated 
by the work force, the associated radiological environment and task details necessary to enable the 
results to be applied to similar but not identical situations with the aim of creating a working database 
to improve estimation. 

An important area in the future will be to exchange experience on the effects of lower 
individual dose limits both on the methods employed and on costs for similar projects, carried out 
before and after the changes. 
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Table 6.1. Segmenting of activated metallic equipment 

116 

Method 

Arc saw 

Plasma arc 

Oxygen burner 

Thermic lance 

Environment 

In-air 
Underwater 

In air 
Underwater 
(for relatively low thickness) 

In-air 
Underwater 

In-air 
Underwater 

Remote Operation 

Yes 

Yes 

Yes 

Difficult 

Explosive cutting 

Laser 

In-air 
Underwater 
(for lower thickness) 

In-air (for low thickness) 

Possible 

Difficult 

Remarks 

Space access to accommodate blade diameter 
Significant amount of smoke in air 

Lower thickness than arc saw 
Required relief space behind the workpiece 
Necessity of a contamination control system 

Just for carbon steel 
Radioactive fumes 

Adequate ventilation for smoke (and contamination) 
Flow path necessary for removal of molten metal 
Large amount of bubbles underwater detrimental to 
visibility 

Lower cutting thickness than previous methods 
Blast effect on mechanical integrity 
Spread of radioactive material 

Not powerful for thick sections an! not portable 
enough for field use 

Mechanical nibbler 
and shear 

In-air Possible - For very low thickness 
Underwater 



Table 6.2. Segmenting of piping, tanks, and other metallic components 

Method 

Plasma arc 

Applications 

All metals 
(for medium 
thickness) 

Implementation 

- Portable 
- Remote 
- Stationary 

Remarks 

Required relief space behind the workpiece 
Necessity of a contamination control system 

Oxygen burner Carbon steel - Portable 
- Remote 
- Stationary 

Radioactive fumes 

Thermic lance All metals (: 
thickness as 
plasma arc) 

- Portable Necessity of adequate ventilation 
Flow path for removal of molten metal 
Large amount of bubbles in water 

Explosive cutting All metal ( 
thickness a* 
plasma arc) 

- Remote Blast effect on mechanical integrity 
Spread of radioactive material 
Positioning by operators 

Hacksaws and 
guillotine saws 

Circular cutter 

All metals 
(for medium 
diameter piping) 

All metals 
(for smaller 
piping than 
hacksaws) 

Portable 
Remote 
Stationary 

Portable 
Remote 

Positioning by operators 

Contamination control by vacuuming the chips 
Positioning by operators 

Abrasive cutter All metals (for 
small diameter 
piping) 

Portable 
Remote 

Spark generation 
Water lubricant 
Contamination control 
Presence by operators 

Arc saw All metals Stationary (in 
application to 
piping) 

Space access to accommodate blade diameter 
Significant amount of smoke in air 

Mechanical nibUer 
and mechanical or 
hydraulic shear 

All metals (for 
very small 
diameter piping) 

- Portable 
- Remote 

Small diameter of piping 

Mechanical saw All metals - Portable Slow 
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Table 6.3. Demolition of concrete structures (except surface decontamination) 

Method Applications Implementation Remarks 

Control blasting Heavily reinforced 
concrete and all 
other type of concrete 
(radioactive or not) 

Not entirely remote Presence of personnel to drill the concrete and place explosives 
Concrete dust (contaminated) requiring air filtration and spraying 
Shock wave 
Blasting particles 

Wrecking ball Every type of concrete 
(not contaminated) 

By means of a crane 
with a swinging ball 

Impossible to control release of activity due to crane access 
Slow 

Backhoe 
mounted rams 

Every type of 
concrete 

Recommended for non 
reinforced walls and 
floors with limited 
access 

Slow 
Water fog spray 

Frame cutting 

Thermic lance 

Every type of 
concrete 

Every type of 
concrete 

Remote (if necessary) 
after positioning by 
operators 

Remote (if necessary) 
after positioning by 
operators 

Toxic gas and smoke generation 
Requires an adequate ventilation 

Gas and smoke generation requiring contamination control 

Rock splitter Every type of 
concrete 

- Rebar must be 
cut after fracture 

- Utilisation in 
limited access area 

Limited to medium thickness wall 
Presence of operators 



Table 6.3. cont'd Demolition of concrete structures (except surface decontamination) 

Method 

Diamond sawing 

Diamond wire 

Core stitch 

Explosive 
cutting 

Paving breaker 
and chipping 
hammers 

Abrasive water 
jet 

Application 

Non reinforced (or 
lightly reinforced 
walls and floors) 

Non reinforced (or 
lightly reinforced 
walls and floors) 

- Non reinforced 
walls and floors 

- Used for medium 
sections 

Removal of large 
prestressed beams 

Non reinforced 
walls and floors 
(small thickness) 

Non reinforced 
walls and floors 

Implementation 

Presence of 
operators or 
remote operation 

- Enlargement of 
existing cell 
entrances 

- Cutting under a 
certain angle 

- Limited accessibility 
(surrounding 
material is not 
disturbed) 

Not entirely 
remote 

For small parts 
inaccessible for 
heavy equipment 

Remote operation 

Remarks 

- Slow cutting through rebar 
- Dust production (spraying) 

- Water cooling of the diamoi 
- Spreading of contamination 

- Water spray to trap the dust 
- Slow 
- Presence of operators 

- Concrete dust generation 
- Shock wave 
- Blasting particles 

- Slow 
- Presence of operators 
- Water spray 

- Large amount of contaminate* 
abrasive and concrete 



6.1.7 Summary 

The foregoing survey of decommissioning perspectives and developments allows the 
identification of a number of important general points which are: 

- The techniques and methods needed for the decommissioning of nuclear power plants 
and fuel cycle facilities are available and well proven on a semi-industrial scale. With 
due regard for radiation protection, safety and economy, development work will now be 
primarily focused on extending the procedures to a fully industrial scale. 

- The heterogeneity of projects both in type and degree of completion, make it difficult 
to draw together informa.ion on a strictly comparable basis and consequently to present 
it in a form which can be used directly to reduce the uncertainties in decommissioning. 

- Because of the nature of the Programme, the time participant can devote to its activities 
is strictly limited. As a result, the individual projects have produced far more data than 
have so far been exchanged. Furthermore, the data which have been exchanged have, 
although with some exceptions, not been subject to any form of collation, rationalisation 
and analysis. 

- The regulations and infrastructure for final waste disposal in most instances have not 
been finalised, including the regulations governing recycling. As a result, there is a gap 
in the data necessary for the total optimisation of decommissioning operations. 

- The objective of the Programme must be the laying of the foundation for the 
industrialisation of the decommissioning process. A considerable part of this lies in the 
systematising of the experience coming out of the participating projects into forms 
which are readily usable as aids to the more precise planning and estimation of new 
tasks. 

- The projected reductions in individual dose limits will have a significant effect on 
decommissioning methodology, moving the boundary between manual and remote 
operations to lower levels. The effects of this on costs and time will become full 
apparent during the next five year period. 
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7. The Expected Future of the Programme 

The first six chapters of this document have provided as background the Programme 
structure and participants, reviewed the status of development and application of decommissioning 
technology in the various projects and presented a summary of the technical challenges which must 
be addressed as decommissioning of nuclear facilities continues to move from a research and 
development phase into an industrialised technology. This chapter will look forward and examine 
the ways and means to achieve the evolution from the demonstration of a collection of techniques to 
the routine implementation of these techniques in an industrial setting. It will also look at the specific 
recommendations for improvement made in chapter six and suggest how these may be addressed, in 
the context of the Programme and, finally, will examine how the experience base built up during the 
initial five years could be assembled into a harmonized database of criteria, methods, techniques and 
tools for decommissioning. 

7.1 General 

The first five years of the Programme have coincided with an increased amount of attention 
paid to decommissioning of nuclear facilities and with a substantial amount of field work in various 
facilities around the world. It is fair to say that the past five years represent a wau.shed in the 
evolution of decommissioning as a maturing technical discipline. Of the major undertakings in the 
OECD area, the vast majority were projects carried out by member organisations within the 
Programme. 

The primary objective of the Programme was to provide a mechanism or forum which would 
facilitate contact between or among the respective projects enabling representatives to exchange data, 
information, and ideas on subjects of decommissioning interest. In providing this facility, 
opportunities to leam from the experiences of others made a significant contribution to building up 
the body of collective knowledge based on field application: a key component in industrialising a 
process or technology. 

In its own right, each project within the Programme has made a significant contribution 
towards not only developing various decommissioning related technologies, but also demonstrating 
and proving them under field conditions. As a direct consequence of the protocols for communication 
and information sharing established by the TAG these development and demonstration activities have 
been facilitated. 

As the amount of project data and experience shared has expanded, the modus operandi of 
the collaboration as set up through the TAG, has not resulted in a substantial amount of codifying ar.d 
systematising the information, for example to facilitate its updating and use by existing and future 
participants. For this purpose, the Programme should consider addressing itself to this aspect. Some 
specific suggestions in this respect will be made in this Chapter. 
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Many of the projects involved vi this Programme represent prototypes of different nuclear 
technologies. Facilities have been decouimissioned to each of the recognised stages. Currently 
available techniques and technologies normally associated with decommissioning, have been 
successfully implemented in a variety of configurations, under various conditions, and at different 
scales (from the shearing of contaminated tubing to the remote underwater plasma arc sectioning of 
activated pressure vessels). The opportunity and ability to apply, compare, and validate approaches 
and results between or amongst projects has served to improved the confidence with which these 
techniques and technologies can be applied to future projects. 

7,2 Discussion of technical challenges 

Chapter 6 has identified a number of gaps or potential areas for improvement of various 
decommissioning related techniques. These are not major deficiencies, and organisations and projects, 
both inside and outside this Programme, are continuing to work at resolving these challenges. 
However, in the context of the Programme itself and the facilitation of communication and 
information sharing that it represents, several opportunities to make a contribution to addressing these 
challenges exist. 

As with any technology, improvements are possible, and to be expected, as more experience 
is gained and as engineers and technicians devise ever better, more efficient, and more cost effective 
ways to allow us to accomplish decommissioning work. Drawing on the materK covered in 
Chapters 4 and 6, suggestions for areas needing further work are discussed in the following. The 
emphasis in the discussion will be on how participants working together in this Programme, can 
contribute to improving on the available experience and enhancing the available experience and 
enhancing the available information. 

In the area of assessment of activity inventories, experience to date indicates a need to 
improve the ability to model activation of concrete biological shields accounting for water content and 
other trace substances, for example, to be better able to estimate penetration depth. It has become 
apparent, as well, that many different computer codes and modelling techniques have been developed 
and used with varying degrees of success. This Programme affords a unique vehicle for analysts to 
facilitate the comparison of the various modelling approaches and computer codes, with the object 
of providing opportunities for validation of predictive results. 

There has been an enormous wealth of experience gained through the various projects to 
date in the development and application of decontamination techniques for both concrete and metallic 
surfaces. While there is much in common with decontamination techniques used in operational 
facilities the fact that there is no requirement to put decommissioned facilities back into active 
(nuclear) service tends to allow practitioners to use an array of more "aggressive" approaches than 
would otherwise be the case. Thus there is strong reason to encourage practitioners to learn from 
each other in a decommissioning environment. From a strictly technical point of view, one can 
conclude that, while decontamination can readily be applied in an industrialised sense (e.g. 
production), a number of improvements would be desirable. These include improving overall speed 
and looking for automation possibilities to minimise worker exposure, developing more ergonomic 
tools to minimise worker fatigue or injury, and means to reduce the volume of secondary wastes. The 
many decisions that need to be made include choice of technique, decontamination for dose reduction 
or disposal, aggressive versus subsequent decontamination, etc. An examination of Chapter 4 reveals 
that a variety of techniques have been used, with varying degrees of success under varying conditions. 
A unique opportunity to systematise the data and to codify it for ease of use on future project exists. 
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A vast amount of experience has been acquired in the technology area of cutting and 
segmentation techniques. Each project ha* conducted evaluations of available techniques, discussed 
with others their positive and negative experiences \ .th the various techniques, and arrived at 
decisions on what they expected to work best in their specific application. By and large, the 
experience reported has been good, and it is fair to say that segmentation techniques can be apf'ied 
on an industrial scale to any facility to be decommissioned, regardless of its size. It ha* become clear 
that for any project, a combination of techniques is appropriate, with the optimisation decis* jns driven 
by specific needs. Several interesting approaches have been successfully applied. Observations 
relating to further industrialisation of these techniques include the aeed to make the tools more 
reliable, rugged, multipurpose and ergonometrically easier for workers to use. Experience is now 
beginning to be acquired in the segmentation of highly activated components using remotely operated 
machines. The challenge for practitioners is to now accumulate the lessons learned, to further refine 
these techniques for application to larger scale reactor facilities, and to codify the body of knowledge 
being accumulated. 

Besides being a subsection of cutting and segmentation, remote operation is continuing to 
mature as an independent protection technique. Continuing downward pressure on worker exposure, 
consistent with the ALARA goals pervasive in all projects to date, provides an impetus for further 
development and application of remote operation. The opportunity for exchange of practical data 
relating to delivery system design, maintainability, performance under radiation conditions, remote 
viewing and decisions on wet versus dry operation continues to present itself. 

Radwaste management is a major contributor to project performance success. Much can be 
learned and adapted from the on-going utilisation of ever improving radwaste management techniques 
associated with operating facilities. Since volume minimisation and segregation of material for 
disposal have a significant bearing on overall project costs, continued emphasis needs to be placed 
on this area. Much can be achieved by the sharing of actual experience in releasing material for 
unrestricted use. While the regulatory requirements may be different among the projects, there is still 
much to be gained through an open sharing of approaches to the exemption of materials from 
regulatory control. 

The subject of health and safety, the last technical area to be touched on, is far from the 
least in importance. Preserving the health and safety of both decommissioning workers and the 
general public is, of course, a paramount goal of each project. The collection of actions aimed at 
reducing worker exposure, control of airborne contamination, avoidance of industrial accidents and 
safe comfortable use of tools is aimed at achieving this goal. While health and safety is not given 
the same emphasis in the exchange of information as is given for instance to decontamination 
methodology, each project has benefitted from observations made and data exchanged with other 
projects. Opportunities exist for those responsible for this most important area to exchange 
experiences and documentation on various good work practices. 

7.3 Project management aspects 

Having now discussed a number of issues and recommendations associated with specific 
decommissioning technologies, it is appropriate to examine the project management aspects of 
decommissioning. Through the course of the first five years of the Programme, there has been ample 
opportunity for project management personnel to exchange information and compare experiences. 
Yet this seems to have received less attention than have specific technical areas. It is not clear 
whether there is less need to learn from the experience of others in project management, or whether 
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the need to discuss more technical matters has precluded dealing with project management issues. 
It is likely that this stems from the "technical" nature of the collaboration, although a notable 
exception has been the area of cost estimation, which has received such a high profile in the 
Programme as to have warranted its own chapter in this report. It may be argued that a critical step 
in completing the transition from demonstration to industrialisation is to be in a position of being 
confident that a project can be managed to a defined schedule and budget. While many of the 
projects in the Programme have achieved just that, an opportunity exists to compare and validate 
approaches with ethers, so as to improve the confidence level (and correspondingly reduce any 
contingency allowances) on future large(r) scale projects. 

7.4 Prognosis for the future 

Collectively and individually, projects in the Programme have made substantial progress in 
moving decommissioning technology forward. Specific techniques have been moved from the 
developmental state to routine application. The physical scale of these applications is approaching 
that associated with commercial facilities now in operation. 

The repeated demonstration of techniques under field conditions and the resulting individual 
and collective experiences support the confidence that decommissioning practitioners have in then-
ability to readily extrapolate this collective body of knowledge to the decommissioning of full scale 
commercial nuclear power plants, at the time that this action is determined to be appropriate. 
Significant progress has been made towards the industrialisation of decommissioning. 

One can say, now, with increased confidence, that the basic tools and techniques exist, 
today, to decommissioning any commercial nuclear facility to any selected stage. This is made 
possible by the strides forward in industrialisation of techniques made by projects within the 
Programme and by the ability to acquire the experience and information of others to complement that 
within a particular organisation. However, efforts are needed to achieve fully industrialisation for 
large scale implementation in a cost effective manner. 

Experience with the techniques, coupled with what has been learned in both project 
management and cost estimation, also contributes to the ability to estimate costs with a reasonable 
degree of certainty. 

7.5 Role of the Technical Advisory Group (TAG) 

As described earlier, TAG is the principal forum and key vehicle for interaction and contact 
of project technical and project management representatives. While operating under general direction 
of the LC, the TAG establishes priorities and areas of interest that coincide with the needs of the 
projects. 

Through their contacts with decommissioning projects outside the Programme (both within 
the mandate of Programme member organisations and with the rest of the world) the TAG has also 
been able to widen the experience and information base available. 

Organisations, countries, and projects have entered into this Programme, because they each 
saw the possibility of direct benefits. Each organisation also recognised the obligation to be a 
contributor as well as a receiver of information. However, each project had its own set of priorities 
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and obligations to complete its programme as effectively as possible. So, while information was 
freely exchanged among projects, there was little motivation to codify this information in the context 
of the Programme to facilitate its access to other projects that might join it at a later date. One can 
only presume that within each country, steps have been taken to collect and systematise all 
information, whether generated by the project, or acquired from other projects in that country. 

The role of the TAG over the first five years has been to provide a communication forum 
and to undertake (through task groups) special assignments (such as decommissioning cost estimate 
comparisons). Consideration should be given to slightly modifying the role of TAG by assigning to 
it more tasks which are of a more global or Programme wide basis. These special tasks could 
include, for example, some systematisation or codification of the information exchanged to date. 
Some consideration could be given, as well, to the manner in which the TAG as a collectivity can 
assist new organisations/projects joining the Programme in getting up to speed in the collection and 
"digestion" of the data base existing within the context of the Programme. 

7.6 Future directions considerations by the LC 

As with any major undertaking, it is appropriate at discrete or milestone intervals to 
determine what lessons can be learned from past experiences, and to re-evaluate objectives for the 
future. It is appropriate for the LC to re-examine the mandate and "modus operandi" for the TAG. 

- There appears to be general consensus for the desirability of codifying and systematizing 
both past and future information exchanges, as a means of facilitating its access and broad 
dissemination. This systematization of information and experience is an essential ingredient to being 
able to "routinise" decommissioning. This "routinisation" is a characteristic of an industrial versus 
a demonstrative process. 

At a meeting early on in the next five year term it would be appropriate for the LC to study 
ways and means to achieve this systematization and to take an objective look forward in time to 
establish what changes in direction are needed to further facilitate the industrialisation of 
decommissioning and how the Programme can best contribute to closing the gaps identified in 
section 7.2 above. 

7.7 Summary 

In addition to the degree of confidence expressed by Programme participants, there is the 
requirement to demonstrate to others that, while certain refinements are desirable, decommissioning 
of commercial scale facilities is both technically feasible and can be accomplished economically. 

Opportunities must be sought not only at technical conferences but also at public fora to 
convincingly convey this message. Advantage should be taken of the credibility lent to such 
statements by the existence of this Programme. 
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In summary then, the Programme has provided a unique opportunity for information to be 
exchanged amongst projects. These projects have, by and large, been successful (some are, of course, 
still in progress) and have contributed to die growing body of knowledge on decommissioning. A 
major challenge for the future of the Programme is to seize the opportunity that exists to collect, 
systematise, and codify this information in a way that makes it readily and easily available to future 
(and on-going) projects, thereby making a substantial contribution to the further industrialisation of 
decommissioning. 
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FACSIMILE OF THE AGREEMENT 

ON A 
CO-OPERATIVE PROGRAMME FOR THE 

EXCHANGE OF SCIENTIFIC AND TECHNICAL 
INFORMATION CONCERNING NUCLEAR 

INSTALLATION PECOMMISSIONING PROJECTS 



AGENCE DE L'OCDE POUR L'ENERGIE NUCLEAIRE 

OECD NUCLEAR ENERGY AGENCY 

ACCORD RELATIF 
A UN PROGRAMME DE COOPERATION EN VUE 
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SUR LES PROJETS DE DECLASSEMENT 
DTNSTALLATIONS NUCLEAIRES 

AGREEMENT 
ON A 

CO-OPERATIVE PROGRAMME FOR THE 
EXCHANGE OF SCIENTIFIC AND TECHNICAL 

INFORMATION CONCERNING NUCLEAR 
INSTALLATION DECOMMISSIONING PROJECTS 

(1990-1995) 



Texte reVise" par decision des Participants prise a l'unanimite le 23 Janvier 1990, 
conformlment a l'article 9(b) de cet Accord ; y figurent Participants et Projets 

enregistres en septembre 1990. 

Text revised on 23rd January 1990 by the Participants acting by unanimity 
pursuant to Article 9(b); includes Participants and Projects recorded 

as at September 1990. 
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ACCORD RELATIF A UN 
PROGRAMME DE COOPÉRATION 

EN VUE DE L'ÉCHANGE 
D'INFORMATIONS SCIENTIFIQUES 

ET TECHNIQUES SUR LES PRO-
JETS DE DÉCLASSEMENT 

D'INSTALLATIONS NUCLÉAnŒS 

Belgoprocess conjointement avec le 
Centre d'Etude de l'Energie Nucléai
re — CEN/SCK, Belgique, l'Energie Ato
mique du Canada Limitée, Kernkraftwerk 
Lingen — KWL conjointement avec le 
Kernforschungszentrum Karlsruhe — KfK, 
République fédérale d'Allemagne, le Com
missariat à l'Energie Atomique conjointe
ment avec Electricité de France, France, le 
Comitato Nazionale per la Ricerca e per lo 
Sviluppo dell' Energia Nucleare e délie 
Energie Alternative conjointement avec 
l'Ente Nazionale per l'Energia Elettrica, 
Italie, le Japan Atomic Energy Research In
stitute, le Centra de Investigaciones Energe-
ticas, Medioambientales y Technologicas 
conjointement avec l'Empresa Nacional de 
Residuos Radiactivos, S.A., Espagne, le 
Svensk Kârnbrânslehantering AB, Suède, 
le United Kingdom Atomic Energy Autho
rity conjointement avec le British Nuclear 
Fuels PLC et Nuclear Electric PLC, 
Royaume-Uni, et le Département de l'E
nergie des Etats-Unis, à savoir les Gouver
nements ou les organismes désignés par 
leurs Gouvernements respectifs (les « Parti
cipants ») ; 

CONSIDÉRANT que l'Agence de 
l'OCDE pour l'Energie Nucléaire 
(« AEN ») s'efforce de promouvoir la 
coopération internationale dans ce domaine 
et a invité ses pays Membres, sur la base 
d'une proposition du Département de 
l'Energie des Etats-Unis, à participer sous 
son égide à l'échange d'informations scien
tifiques et techniques relatives à des projets 
de déclassement de grande ampleur ; 

AGREEMENT 
ON A 

CO-OPERATIVE PROGRAMME 
FOR THE EXCHANGE OF 

SCIENTIFIC AND TECHNICAL 
INFORMATION CONCERNING 

NUCLEAR INSTALLATION 
DECOMMISSIONING PROJECTS 

Belgoprocess jointly with the Centre 
d'Etude de l'Energie Nucléaire — CEN/ 
SCK, Belgium, Atomic Energy of Canada 
Limited, the Kernkraftwerk Lingen — 
KWL jointly with the Kernforschungszen
trum Karlsruhe — KfK, Federal Republic 
of Germany, the Commissariat à l'Energie 
Atomique jointly with Electricité de France, 
France, the Comitato Nazionale per la Ric
erca e per lo Sviluppo dell' Energia Nu
cleare e délie Energie Alternative jointly 
with the Ente Nazionale per 1'Energia Elet
trica, Italy, the Japan Atomic Energy Re
search Institute, the Centro de Investiga
ciones Energeticas, Medioambientales y 
Technologicas jointly with the Empresa 
Nacional de Residuos Radiactivos, S.A., 
Spain, the Svensk Kârnbrânslehantering 
AB, Sweden, the United Kingdom Atomic 
Energy Authority jointly with British Nu
clear Fuels PLC and Nuclear Electric PLC, 
United Kingdom, and the United States De
partment of Energy, being Governments or 
organisations designated by their respective 
Governments (hereinafter referred to as the 
"Participants"); 

CONSIDERING that the OECD Nuclear 
Energy Agency ("NEA") has undertaken to 
promote international co-operation in this 
field and has invited Member countries, on 
the basis of a proposal submitted by the 
United States Department of Energy, to par
ticipate in an NEA-sponsored scientific and 
technical information exchange for major 
decommissioning projects; 
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CONSIDÉRANT que l'expérience opé
rationnelle et les bases de données que 
nécessitera à l'avenir le déclassement de 
grandes centrales nucléaires, seraient acqui
ses plus efficacement grâce au partage des 
connaissances découlant de divers projets 
nationaux de déclassement en cours d'exé
cution ; 

CONSIDÉRANT que les Participants 
devraient tirer avantage de l'échange sur 
une base équilibrée des informations scien
tifiques et techniques relatives aux projets 
de déclassement dont ils sont respective
ment responsables, à la condition que ces 
projets soient d'une taille ou d'un intérêt 
technique comparables ; 

DÉCIDENT de participer à un Pro
gramme de coopération en vue de l'échange 
d'informations scientifiques et techniques 
sur les projets de déclassement d'installa
tions nucléaires (le « Programme de coopé
ration »), conformément aux conditions 
suivantes : 

Article 1 

PORTÉE ET OBJECTIFS 
DU PROGRAMME DE COOPÉRATION 

(a) Les Participants décident de participer 
à l'échange d'informations scientifiques et 
techniques relatives à des projets de déclas
sement d'installations nucléaires dans leurs 
pays respectifs, sous condition des arrange
ments spéciaux de coopération visés au 
paragraphe (d) ci-après, selon les modalités 
qu'ils jugeront appropriées. 

(b) Aux fins du présent Programme de 
coopération, par projet de déclassement 
d'installation nucléaire (« Projet ») il faut 
entendre des activités de démantèlement ou 
d'autres activités dans le domaine du 
déclassement qui, du fait de leur ampleur ou 
de leur intérêt technique propre, sont sus
ceptibles de contribuer au développement 

CONSIDERING that the operational ex
perience and data base needed for the future 
decommissioning of large nuclear power 
plants can be more effectively obtained by 
sharing the knowledge drawn from a num
ber of current national decommissioning 
projects; 

CONSIDERING that a satisfactory bal
ance of benefits among the Participants 
would be achieved through an exchange of 
scientific and technical information con
cerning decommissioning projects for 
which they are responsible, provided they 
are of comparable magnitude or degree of 
technical interest; 

AGREE to participate in a Co-operative 
Programme for the Exchange of Scientific 
and Technical Information concerning 
Nuclear Installation Decommissioning 
Projects (hereinafter referred to as the "Co
operative Programme"), on the terms and 
conditions set out below: 

Article 1 

SCOPE AND OBJECTIVES OF THE 
CO-OPERATIVE PROGRAMME 

(a) The Participants agree to take part in an 
exchange of scientific and technical infor
mation relating to nuclear installation 
decommissioning projects in their respecti
ve countries, subject to the special 
arrangements for co-operation provided 
under paragraph (d) below, in such specific 
detail as they determine to be appropriate. 

(b) For the purposes of this Co-operative 
Programme, nuclear installation decom
missioning project (hereinafter referred to 
as "Project") means dismantling or other ac
tivities in the field of decommissioning 
which, because of their size or particular 
technical interest, can contribute to the 
development of knowledge in this field. 
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des connaissances dans ce domaine. Les 
Projets qui ont été jugés répondre à ce critè
re général sont brièvement décrits en An
nexe au présent Accord. 

(c) L'échange d'informations scientifi
ques et techniques pourra porter, de façon 
non limitative, sur les points suivants : 

• descriptions et plans de Projets ; 

• données obtenues à partir de travaux de 
recherche et développement 
concernant chaque Projet ; 

• données résultant de l'exécution des 
Projets et enseignements résultant de 
ces travaux. 

Ces échanges pourront également compor
ter des visites techniques de la part des ex
perts d'un Participant auprès des installa
tions relevant du Projet d'un autre 
Participant. Les Participants s'engagent, 
dans une mesure raisonnable et sous réserve 
de l'accord préalable des autorités respon
sables des installations à visiter, à faciliter 
ces visites. 

(à) Les Participants au nom desquels des 
Projets sont inscrits dans l'Annexe, pour
ront approfondir les échanges d'informa
tions scientifiques et techniques dans le 
cadre du présent Accord en devenant partie 
à des arrangements spéciaux de coopération 
ayant trait à des questions particulières d'in
térêt mutuel. Ces arrangements spéciaux 
pourront aussi s'étendre aux activités 
suivantes : 

• fourniture d'équipements utilisés pour 
les opérations de déclassement ainsi 
que de composants et d'échantillons des 
installations en cours de déclassement ; 

• possibilité de procéder à des essais dans 
les installations des Projets ; 

• détachement ou échange de personnel. 

Projects which have been identified as mee
ting this general requirement are briefly 
described in the Annex to this Agreement. 

(c) The exchange of scientific and techni
cal information among all Participants may 
include, but is not limited to, the following: 

• Project descriptions and plans; 

• data obtained from research and 
development associated with each Pro
ject; 

• data resulting from the execution of 
Project plans and lessons learned from 
such execution. 

Such exchange may also include technical 
visits by experts of a Participant to another 
Participant's Project facilities. To the extent 
reasonable and subject to the prior consent 
of the authorities responsible for the facili
ties to be visited, the Participants agree to 
accommodate these visits. 

(d) Participants having Projects listed in 
the Annex may further implement the 
exchange of scientific and technical infor
mation under this Agreement by entering 
into special arrangements to enhance 
co-operation in fields of specific mutual 
interest. Such special arrangements may 
also cover the following: 

• making available equipment used in de
commissioning operations and compo
nents and samples from decommissio
ned facilities; 

• allowing opportunities for conducting 
tests at Project facilities; 

• the secondment or exchange of 
personnel. 



(e) Les arrangements spéciaux ainsi con
clus devront définir l'objet des activités de 
coopération et les conditions de leur mise en 
oeuvre ; ils devront en outre assurer que les 
Parties se réservent mutuellement une prio
rité en ce qui concerne les détachements 
de personnel, l'exécution d'essais ou 
l'échange d'équipements à un Projet donné. 
La réalisation de ces dernières activités sera 
fonction de la capacité d'accueil du Projet 
ainsi que d'autres conditions qui devront 
être déterminées par les arrangements spé
ciaux. 

(f) Selon des conditions arrêtées entre eux 
et approuvées par le Comité de liaison visé à 
l'article 2 du présent Accord, les Parties à 
des arrangements spéciaux de coopération 
pourront inviter ceux des Participants qui ne 
disposent pas d'un Projet inscrit dans l'An
nexe, à prendre part à ces arrangements 
spéciaux. Les Parties à des arrangements 
spéciaux informeront le Comité de liaison 
de la nature et des objectifs de ces arrange
ments. 

(g) Le présent Accord n'est nullement 
censé affecter l'application de tout accord 
de coopération bilatérale ou multilatérale 
existant en matière de déclassement 
d'installations nucléaires ou d'empêcher la 
conclusion de tels accords dans ce domaine. 

(h) L'administration des Projets faisant 
partie du Programme de coopération incom
bera exclusivement au Participant concer
né. La mise en oeuvre du Programme de 
coopération n'aura pas d'effet sur le coût ou 
le calendrier de chacun des Projets, à moins 
que le Participant en cause n'y ait consenti. 

(i) Chaque Participant prendra à sa charge 
les frais afférents à sa propre participation 
au Programme de coopération, sauf s'il en 
est décidé autrement par des Participants 
aux termes d'un arrangement spécial. 

(e) These special arrangements shall 
define the scope of the co--operative activity 
and its implementation and shall ensure mu
tual priority consideration between the 
Parties to the special arrangements for the 
assignment of personnel, the conduct of 
tests or for the exchange of equipment at a 
given Project. The carrying out of these 
activities shall be subject to the capability of 
the Project to accommodate such activities 
and to other conditions as may be defined by 
the special arrangements. 

(f) Parties to such special arrangements 
may invite, on conditions to be decided by 
them and approved by the Liaison Commit
tee constituted under Article 2 of this 
Agreement, those Participants not having a 
Project listed in the Annex to take part in 
these special arrangements. Parties to a spe
cial arrangement shall inform the Liaison 
Committee of the nature and purpose of 
such arrangement. 

(g) This Agreement is not intended to af
fect the application of any existing bilateral 
or multilateral agreement for co-operation 
in the field of decommissioning of nuclear 
installations or to preclude further bilateral 
or multilateral agreements in this field. 

(h) The management of each Project wi
thin the scope of this Co-operative Pro
gramme shall be under the sole responsibili
ty of the Participant concerned. The 
implementation of the Co-operative Pro
gramme shall have no impact on the cost or 
schedule of each individual Project, except 
as agreed to by the Participant concerned. 

(i) Each Participant shall bear the costs of 
its own participation in the Co-operative 
Programme unless otherwise agreed to by 
Participants within the framework of a spe
cial arrangement. 
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Article 2 

COMITÉ DE LIAISON 

(a) Un Comité de liaison est responsable 
de la mise au point des arrangements et pro
cédures nécessaires à la bonne marche du 
Programme de coopération. 

(b) Les Participants au nom desquels des 
Projets sont inscrits à l'Annexe, désigneront 
lew agent de liaison, étant entendu que dans 
l'hypothèse où des organisations participe
raient conjointement au Programme de coo
pération, les agents de liaison par elles 
désignés seront considérés comme ne cons
tituant qu'un seul agent aux fins de l'exécu
tion du présent Accord. Les représentants de 
ceux des Participants qui ne disposent pas 
d'un Projet inscrit dans l'Annexe, seront 
habilités à assister à titre d'observateurs aux 
réunions du Comité de liaison. Chaque Par
ticipant notifiera à l'AEN le nom de l'agent 
de liaison désigné pour le représenter. 

(c) Le Com ité de 1 iaison sera en particul ier 
chargé de : 

i) statuer sur toutes les questions 
d'intérêt général ainsi que sur les or
ientations générales du Programme 
de coopération ; 

ii) donner des directives générales et 
approuver le programme de travail 
du Groupe technique consultatif 
constitué conformément à l'article 3 
du présent Accord ; 

iii) assurer la liaison entre les Projets 
couverts par le Programme de 
coopération en vue de réaliser les ob
jectifs définis par le présent Accord ; 

iv) promouvoir et superviser la diffusion 
des informations scientifiques et 
techniques échangées dans le cadre 
du Programme de coopération ; 

Article 2 

LIAISON COMMITTEE 

(a) A Liaison Committee shall be respon
sible for the development of arrangements 
and procedures for an effective implemen
tation of the Co-operative Programme. 

(b) Those Participants having Projects 
listed in the Annex shall appoint a liaison of
ficer provided that, in the case of organisa
tions participating jointly in »he Co-opera
tive Programme, the liaison officers 
appointed by them shall be considered as a 
single liaison officer for the purpose of the 
execution of this Agreement. Representa
tives of those Participants not having a Pro
ject in the Annex shall be entitled to attend 
meetings of the Liaison Committee in an 
observer capacity. Each Participant shall 
notify the NEA of the liaison officer chosen 
to represent it. 

(c) The Liaison Committee shall in parti
cular: 

i) determine all questions of general in
terest as well as the general 
orientations of the Co-operative 
Programme; 

ii) provide general guidance to, and ap
prove the programme of work of, the 
Technical Advisory Group consti
tuted under Article 3 of this Agree
ment; 

iii) ensure liaison between Projects 
within the scope of the Co-operative 
Programme with a view to achieving 
the objectives defined in this Agree
ment; 

iv) promote and supervise the dis
semination of scientific and tech
nical information exchanged in the 
framework of the Co-operative 
Programme; 
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v) étudier les demandes de participa
tion au Programme de coopération 
ainsi que les propositions d'inclu
sion de nouveaux Projets dans l'An
nexe, et examiner la situation des 
Projets énumérés dans l'Annexe ; 

v/') exécuter toute autre tâche qui lui ser
ait confiée en vertu du présent Ac
cord. 

(d) Le Comité de liaison élit un Président 
et un Vice-Président parmi ses membres. Le 
Comité de liaison se réunit sur la convoca
tion du Secrétariat de l'AEN après consulta
tion du Président. Notification de la date, du 
lieu et de l'ordre du jour des réunions sera 
adressée en temps utile par le Secrétariat de 
l'AEN à chaque membre et aux autres per
sonnes habilitées à assister à la réunion. 

(e) Sous réserve des règles complémen
taires susceptibles d'être adoptées par le 
Comité de liaison en concertation avec le 
Secrétariat de l'AEN, le Comité appliquera 
le Règlement de procédure de l'Organisa
tion de Coopération et de Développement 
Economiques. 

Article 3 

GROUPE TECHNIQUE CONSULTATIF 

(a) Un Groupe technique consultatif est 
constitué, composé de spécialistes de haut 
niveau désignés par le Participant concerné 
pour chacun des Projets énumérés dans 
l'Annexe. Toutefois, s'il y a lieu, un même 
spécialiste pourra représenter plusieurs 
Projets. 

(b) Le Groupe technique consultatif sera 
chargé en particulier de : 

v) examine requests to participate in the 
Co-operative Programme and pro
posals for including additional Proj
ects in the Annex, and review the sta
tus of Projects listed in the Annex; 

vi) carry out any other functions con
ferred upon it by this Agreement. 

(d) The Liaison Committee shall elect a 
Chairman and a Vice-Chairman from 
among its members. The Liaison Commit
tee shall be convened by the NEA Secreta
riat in consultation with the Chairman. 
Reasonable notice of the time, place and 
agenda of the meeting shall be given by the 
NEA Secretariat to each member and to 
other persons otherwise entitled to attend 
the meeting. 

(e) Subject to any additional rules which 
may be adopted by the Liaison Committee 
in consultation with the NEA Secretariat, 
the Committee shall apply the Rules of Pro
cedure of the Organisation for Economic 
Co-operation and Development. 

Article 3 

TECHNICAL ADVISORY GROUP 

(a) There shall be a Technical Advisory 
Group consisting of a senior specialist des
ignated by the relevant Participant for each 
Project listed in the Annex. However, 
where appropriate, one specialist may 
represent more than one Project. 

(b) The Technical Advisory Group shall in 
particular: 
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i) servir, conformément au programme 
de travail déterminé par le Comité de 
liaison et sous réserve des directives 
générales de ce Comité, de méca
nisme pour l'échange d'informa
tions scientifiques et techniques con
formément au présent Accord, ainsi 
que d'examiner et faire des com
mentaires sur les informations com
muniquées par les divers Partici
pants ; 

ii) soumettre son programme de travail 
à l'approbation du Comité de liai
son; 

iii) rendre compte au Comité de liaison 
de l'état d'avancement et des résul
tats de ses travaux ; 

iv) soumettre au Comité de liaison 
toutes propositions visant à renforcer 
l'échange d'informations scientifi
ques et techniques conformément au 
présent Accord ; 

v) traiter toute question qui lui serait 
soumise par le Comité de liaison. 

(c) Le Groupe technique consultatif élit un 
Président et un Vice-Président parmi ses 
membres. Dans la mesure où cela est appro
prié, les règles de procédure instituées par le 
présent Accord pour régir les travaux du 
Comité de liaison, s'appliquent également 
aux réunions du Groupe. 

(à) Le Président du Groupe technique 
consultatif assiste à titre consultatif aux 
réunions du Comité de liaison. 

(e) Si le Groupe technique consultatif esti
me que cela présenterait un avantage pour 
l'exécution du Programme de coopération, 
il peut inviter tout Participant qui ne dispose 
pas d'un Projet énuméré dans l'Annexe, à 
envoyer un spécialiste pour assister à 
certaines réunions du Groupe technique 

i) in accordance with the programme of 
work approved by the Liaison Com
mittee and subject to any general 
guidance by that Committee, operate 
as a mechanism for the exchange of 
scientific and technical information 
to be carried out under this Agree
ment and review and comment on the 
information provided by the 
respective Participants; 

if) submit its proposed programme of 
work to the Liaison Committee; 

iii) report to the Liaison Committee on 
the progress and results of its work; 

iv) submit to the Liaison Committee any 
proposals which may enhance the 
exchange of scientific and technical 
information to be carried out under 
this Agreement; 

v) consider any item referred to it by the 
Liaison Committee. 

(c) The Technical Advisory Group shall 
elect a Chairman and a Vice-Chairman 
from among its members. Insofar as appro
priate, the rules of procedure laid down in 
this Agreement in relation to the conduct of 
business of the Liaison Committee shall 
also be applied to meetings of the Group. 

(d) The Chairman of the Technical Advi
sory Group shall take part in meetings of the 
Liaison Committee in an advisory capacity. 

(e) If in the opinion of the Technical Advi
sory Group it would be beneficial for the 
carrying out of the Co-operative Pro
gramme, the Technical Advisory Group 
may invite any Participant not having a 
Project listed in the Annex to send a special
ist to individual meetings of the Technical 
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consultatif en qualité d'observateur. Ces 
invitations ne seront adressées que sur une 
base ad hoc et devront se conformer aux 
directives générales du Comité de liaison. 

Article 4 

COORDONNATEUR 
DU PROGRAMME 

(a) Un Coordonnateur du Programme sera 
désigné par le Comité de liaison en vue 
d'aider à la mise en oeuvre des arrange
ments et procédures que requiert la bonne 
marche de l'échange d'informations prévu 
par le présent Accord. 

(b) Les fonctions du Cordonnateur du Pro
gramme seront définies par le Comité de 
liaison ; elles pourront consister à : 

i) assurer la coordination entre le 
Comité de liaison et le Groupe tech
nique consultatif en assistant aux 
réunions de ces deux organes et en 
les informant l'un l'autre de leurs 
activités et décisions respectives ; 

ii) tenir un registre des informations 
échangées ainsi que des arrange
ments spéciaux conclus entre Parti
cipants (Parties à ces arrangements, 
forme et objet de l'échange, détache
ment de personnel...) ; 

iii) assurer le secrétariat du Groupe tech
nique consultatif ; 

iv) assurer la liaison entre le Groupe 
technique consultatif et l'AEN. 

Advisory Group in an observer capacity. 
Such invitations are only to be extended on 
an ad hoc basis and must conform to any 
general guidance provided by the Liaison 
Committee. 

Article 4 

PROGRAMME CO-ORDINATOR 

(a) A Programme Co-ordinator shall be 
designated by the Liaison Committee to as
sist in the implementation of arrangements 
and procedures necessary for an effective 
exchange of information under this Agree
ment. 

(b) The duties of the Programme Co-ordi
nator, to be defined by the Liaison Commit
tee, may include: 

i) ensuring the co-ordination between 
the Liaison Committee and the Tech
nical Advisory Group by assisting at 
meetings of both and by informing 
each group of the activities and deci
sions of the other; 

ii) maintaining records of information 
exchanged and special arrangements 
entered into by the Participants (Par
ties involved, type of exchange, 
subject-matter and personnel assign
ment...); 

iii) ensuring the secretariat functions for 
the Technical Advisory Group; 

iv) ensuring liaison between the Techni
cal Advisory Group and the NEA. 
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(c) Le fait pour un Participant de prendre à 
sa charge les services de Coordonnateur du 
Programme, lui conférera le droit de 
désigner un agent de liaison auprès du 
Comité de liaison ainsi qu'un représentant 
au sein du Groupe technique consultatif, 
que le Participant en question dispose ou 
non d'un Projet inscrit à l'Annexe. 

Article 5 

INFORMATIONS 

(a) Nonobstant les dispositions relatives 
aux informations susceptibles de figurer 
dans les arrangements spéciaux conclus 
conformément à l'article 1(d), le présent 
article a pour objet de fixer les modalités de 
la publication et de la protection des infor
mations scientifiques et techniques échan
gées en vertu du présent Accord. Des règles 
et procédures supplémentaires pourront, en 
cas de besoin, être adoptées par le Comité de 
liaison, se prononçant à l'unanimité et en 
conformité avec le présent article. 

(b) Sous réserve de restrictions applica
bles aux brevets et aux droits d'auteur et de 
la consultation au préalable du Participant 
qui fournit des informations, les informa
tions échangées en vertu du présent Accord 
pourront être publiées par les autres Partici
pants, à l'exception des informations privi
légiées (en anglais « proprietary informa
tion »). 

(c) Les Participants prendront toutes les 
mesures nécessaires conformément au pré
sent article, aux législations nationales de 
leurs pays respectifs et au droit internatio
nal, pour protéger les informations privilé
giées qui ont été communiquées aux Partici
pants. Aux fins du présent article, il faut 
entendre par information privilégiée, toutes 
les informations de nature confidentielle 
telles que les secrets commerciaux, le 

(c) Provision of the services of a Pro
gramme Co-ordinator shall entitle a Partici
pant to appoint a liaison officer to the Liai
son Committee and a representative on the 
Technical Advisory Group, irrespective of 
whether such a Participant has a Project 
listed in the Annex. 

Article 5 

INFORMATION 

(a) Notwithstanding provisions concern
ing information which may be contained in 
the special arrangements concluded under 
Article 1(d), this Article sets forth the provi
sions applicable to the publication and 
protection of scientific and technical infor
mation exchanged under this Agreement. 
Additional rules and procedures shall, 
where necessary, be adopted by the Liaison 
Committee, acting by unanimity and in 
conformity with this Article. 

(b) Subject to restrictions applying to pat
ents and copyrights and to prior consulta
tion with the originating Participant, infor
mation exchanged under this Agreement 
may be published by the recipient Partici
pants, except proprietary information. 

(c) Participants shall take all necessary 
measures in accordance with this Article, 
the laws of their respective countries and in
ternational law to protect proprietary infor
mation provided to the Participants. For the 
purposes of this Agreement, proprietary in
formation shall mean information of a con
fidential nature such as trade secrets and 
know-how (for example, computer pro
grams, design procedures and techniques, 



savoir-faire (par exemple, les programmes 
d'ordinateurs, les procédés et techniques de 
conception, la composition chimique des 
produits et les méthodes, processus ou 
modes de fabrication) qui sont revêtues 
d'une marque appropriée, à condition que 
ces informations : 

i) ne soient pas en général connues ou 
déjà mises à la disposition du public 
par d'autres sources ; 

ii) n'aient pas été précédemment 
mises à la disposition d'autres per
sonnes par leurs propriétaires sans 
leur imposer l'obligation de les 
garder confidentielles ; et 

iii) ne se trouvent pas déjà en possession 
de Participants destinataires sans ob
ligation de les garder confidentielles. 

Il appartiendra à chaque Participant qui 
fournit des informations privilégiées 
d'identifier ces informations en tant que 
telles et de veiller à ce qu'y figure une 
marque appropriée. 

(d) S'agissant des informations échangées 
en vertu du présent Accord, le Participant 
qui fournit de telles informations ne sera pas 
tenu de se porter garant de ce qu'elles 
conviennent à une application ou une utili
sation données. 

Article 6 

AGENCE DE L'OCDE POUR 
L'ÉNERGIE NUCLÉAIRE 

(a) Conformément à ses Statuts, l'Agence 
de l'OCDE pour l'Energie Nucléaire 
recherchera une participation aussi large 
que possible de la part de ses pays Membres 
au Programme de coopération ; elle s'effor
cera de coordonner celui-ci avec ses autres 
activités dans ce domaine. 

chemical composition of materials or 
manufacturing methods, processes, or treat
ment) which is appropriately marked, 
provided such information: 

i) is not generally known or publicly 
available from other sources; 

ii) has not previously been made avail
able by the owner to others without 
obligation concerning its confiden
tiality; and 

Hi) is not already in the possession of the 
recipient Participant without obliga
tion concerning its confidentiality. 

It shall be the responsibility of each Partici
pant supplying proprietary information to 
identify the information as such and to 
ensure that it is appropriately marked. 

(d) In respect of any information ex
changed under this Agreement, the Partici
pant providing such information shall not be 
held to warrant the suitability of such infor
mation for any particular use or application. 

Article 6 

OECD NUCLEAR ENERGY AGENCY 

(a) In accordance with its Statute, the 
OECD Nuclear Energy Agency shall en
courage the broadest possible participation 
in the Co-operative Programme by its 
Member countries, and shall endeavour to 
co-ordinate it with other NEA activities in 
this field. 
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(b) Le Comité de liaison soumettra au 
Comité de Direction de l'Energie Nucléaire 
un rapport annuel sur l'avancement de ses 
travaux. 

(c) l'Agence de l'OCDE pour l'Energie 
Nucléaire est invitée à assurer le secrétariat 
du Comité de liaison. Elle pourra se faire 
représenter aux réunions du Groupe techni
que consultatif en qualité d'observateur. 

Article 7 

DISPOSITIONS LÉGISLATIVES 

(a) Les activités régies par le présent 
Accord seront soumises aux lois et règle
ments applicables de l'Etat du Participant 
sur le territoire duquel sont exécutées les 
activités en question. 

(b) Chaque Participant devra faire ce qui 
est en son pouvoir pour faciliter les formali
tés requises lors de la circulation des person
nes et des transferts de matières et équipe
ments nécessaires pour mettre en oeuvre le 
Programme de coopération. 

Article 8 

ADMISSION ET RETRAIT 
DE PARTICIPANTS 

(a) Le Programme de coopération sera ou
vert à la participation du Gouvernement (ou 
de l'organisme désigné par un tel Gouverne
ment) de tout pays Membre de l'Agence de 
l'OCDE pour l'Energie Nucléaire, sous 
réserve de l'accord unanime des membres 
du Comité de liaison et suivant les condi
tions que celui-ci pourra fixer. 

(b) Cette admission deviendra effective 
après notification adressée au Directeur 

(b) The Liaison Committee shall make an 
annual report to the Steering Committee for 
Nuclear Energy on the progress of work. 

(c) The OECD Nuclear Energy Agency is 
invited to provide secretariat services to the 
Liaison Committee. Its representatives may 
also take part in meetings of the Technical 
Advisory Group in an observer capacity. 

Article 7 

LEGISLATIVE PROVISIONS 

(a) Activities under this Agreement shall 
be subject to the applicable laws and regula
tions of the State of the Participant in whose 
territory the activities in question are carried 
out. 

(b) Each Participant shall use its best en
deavours to facilitate the accomplishment 
of formalities involved in the movement of 
persons and the transfer of materials and 
equipment which shall be required for the 
implementation of the Co-operative Pro
gramme. 

Article 8 

ADDITION AND WITHDRAWAL OF 
PARTICIPANTS 

(a) Participation in the Co-operative Pro
gramme shall be open to the Government of 
any Member country of the OECD Nuclear 
Energy Agency or any organisation desig
nated by such Government, with the unani
mous assent of the Liaison Committee and 
subject to any conditions which it may 
determine. 

(b) Such participation shall become effec
tive upon notification to the Director 



général de l'AEN par le nouveau Participant 
aux termes de laquelle il acepte les droits et 
obligations prévus par le présent Accord. 

(c) Tout Participant peut dénoncer le pré
sent Accord à tout moment, en donnant un 
préavis de six mois au Directeur général de 
l'AEN. 

Article 9 

DISPOSITIONS FINALES 

(a) Le présent Accord entrera en vigueur 
le 18 septembre 1985 pour une durée ini
tiale de cinq ans à compter de cette date. Il 
pourra être prorogé par accord entre les Par
ticipants se prononçant au sein du Comité de 
liaison.* 

(b) Le présent Accord et son Annexe pour
ront être modifiés à tout moment par les Par
ticipants se prononçant à l'unanimité au 
sein du Comité de liaison. 

(c) L'original du présent Accord sera 
déposé auprès du Directeur général de 
l'AEN et une copie certifiée conforme en 
sera remise à chaque Participant. 

Fait à Paris, le 18 septembre 1985, en 
anglais et en français. 

* Les Participants, se prononçant au sein du Comité de 
liaison, ont décidé le 23 janvier 1990 de proroger l'Accord 
pour une durée supplémentaire de cinq ans à compter du 
18 septembre 1990. 

General of the NEA by the new Participant 
that it assumes the rights and obligations un
der this Agreement. 

(c) Any Participant may withdraw from 
this Agreement at any time by giving six 
months' written notice to the Director 
General of the NEA. 

Article 9 

FINAL PROVISIONS 

(a) Tiiis Agreement shall enter into force 
on 18th September 1985 and shall remain in 
force for an initial period of five years from 
such date. It may be extended thereafter by 
agreement of the Participants acting 
through the Liaison Committee.* 

(b) This Agreement and its Annex may be 
amended at any time by the Participants 
acting by unanimity through the Liaison 
Committee. 

(c) The original of this Agreement shall be 
deposited with the Director General of the 
NEA and a certified copy shall be furnished 
to each Participant. 

Done in Paris this 18th day of Septem
ber 1985, in the English and French lan
guages. 

* The Participants, acting through the Liaison Committee, 
agreed on 23rd January 1990 to extend the Agreement for a 
further period of five years from 18th September 1990. 

142 



ANNEXE 

LISTE DES PROJETS DE DECLASSEMENT 

ANNEX 

LIST OF DECOMMISSIONING PROJECTS 
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ANNEXE 

LISTE DES PROJETS DE DECLASSEMENT 

1. Pays : Belgique 

2. Description de Vinstallation 

Nom: 

Lieu: 

Type et utilisation: 

Debit de puissance: 

Installation de retraitement Eurochemic 

Mol, Belgique 

Installation de retraitement 

Retraitement de: 
— 181.5 tonnes de combustibles d'ura

nium naturel et legerement enrichi, 
provenant de divers reacteurs 

— 30.6 tonnes de combustibles d'alliage 
d'uranium provenant de reacteurs pour 
les essais de materiaux 

3. Historique de I'exploitation : 

Date du debut de la construction 

Date de demarrage: 

Date de 1'arret definitif : 

Temps de rendement a pleine 
puissance: 

1960 

Juillet 1966 

Janvier 1975 

n/a 

4. Donnees sur le declassement 
de Vinstallation : 

Option(s) selectionnee(s): 

Date du debut du declassement 

Date de 1'achievement du 
dlclassement: 

Niveau 3 

Projet pilote — Janvier 1988 
Batiment du procede chimique princi
pal — novembre 1989 

Projet pilote — mars 1990 
Batiment du proce'de chimique princi
pal — projete pour la fin de l'annee 2000 
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ANNEX 

LIST OF DECOMMISSIONING PROJECTS 

1. Country: Belgium 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Eurochemic Reprocessing Plant 

Mol, Belgium 

Reprocessing Facility 

Reprocessing of: 
— 181.5 tons of natural and slightly en

riched uranium fuels from various 
reactors 

— 30.6 tons of uranium alloy fuels from 
material testing reactors 

3. Operating History: 

Date construction started: 1960 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

July 1966 

January 1975 

n/a 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Stage 3 

Pilot project — January 1988 
Main chemical process building 
November 1989 

Pilot project — March 1990 
Main chemical process building 
planned end of year 2000 
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Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1988) : 

Etat d'avancement des travaux 
au 18 septembre 1990: 

Projet pilote — sera complete a l'etat de 
demantelement complet a la fin mars 1990 
Batiment chimique principal — declasse-
ment des zones non-contaminees com
mence en novembre 1989 ; etudes tech
niques de conception achevees pour le 
commencement du declassement des cel
lules contaminees en fevrier 1990 

Projet pilote — toutes les operations 
nucleaires, y compris la declassification 
des batiments subsistants, achevees en 
septembre 1989; la demolition des bati
ments et l'enfouissement des materiaux de 
construction en tant que dechets indus-
triels sont retardes a cause de problemes 
d'acceptation de la part des entreprises 
concernees et des autorites 
Batiment chimique principal — le lance-
ment du declassement des cellules conta
minees est reporte a 1991 pour des raisons 
de recrutement de personnel 

1. Pays: 

2. Description de I'installation : 

Nom : 

Lieu : 

Type et utilisation : 

Debit de puissance : 

3. Historique de I'exploitation : 

Date du debut de la construction 

Date de demarrage : 

Date de 1'arret definitif: 

Temps de rendement a pleine 
puissance: 

Belgique 

BR3 

Mol, Belgique 

Centrale nucleaire, essais de combustible 

40.9 MWth, 10.5 MWe (net) 

1958 

10 octobre 1962 

30juinl987 

85 959 h 
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Project status when included 
in this Annex (1988): 

Project status as at 
18th September 1990: 

Pilot project — will be completed to green 
field status end March 1990 
Main chemical process building — 
decommissioning of non-contaminated 
areas started in November 1989; concep
tual engineering and planning complete 
for starting decommissioning contami
nated cells in February 1990 

Pilot project — all nuclear operations, 
including the declassification of the re
maining buildings, terminated in Septem
ber 1989; demolition of the buildings and 
burial of the construction materials as in
dustrial waste retarded due to acceptance 
problems by burial operators and authori
ties 
Main chemical process building — com
mencement of decommissioning of con
taminated cells delayed until 1991 for rea
sons of personnel recruitment 

1. Country: Belgium 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

BR3 

Mol, Belgium 

Nuclear power plant; fuel test reactor 

40.9 MWth, 10.5 MWe (net) 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1958 

10th October 1962 

30th June 1987 

85 959 h 
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4. Donnies sur le declassement 
de l'installation: 

Option(s) selectionnee(s): 

Date du debut du declassement: 

Date de l'achevement du 
declassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1990): 

Etat d'avancement des travaux 
au 18septembre 1990: 

1. Pays: 

2. Description de Vinstallation : 

Nom: 

Lieu : 

Type et utilisation : 

Debit de puissance : 

3. Historique de I'exploitation : 

Date du debut de la construction : 

Date de demarrage: 

Date de l'arret definitif: 

Temps de rendement a pleine puissance : 

4. Donnees sur le diclassement 
de l'installation : 

Option(s) selectionnee(s): 

Niveau 3 ; partiel (boucle primaire et 
autres circuits contamines) 

1989 

Combustible decharge ; etude de concep
tion des equipements de demantelement en 
cours 

Voir ci-dessus ; decontamination chimi-
que de la totalite de la boucle primaire en 
cours 

Canada 

Gentilly—1, centrale nucleaire 

Gentilly, Quebec, Canada 

Reacteur prototype modere a l'eau lourde 
et refroidi par eau ordinaire bouillante 

250 MWe (net) 

1966 

1970 (criticite) 

1979 

4 400h 

« Conservation en 1'etat »(une variante du 
niveau 1 tel qu'il est defini par l'AIEA) 
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4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Stage 3; partial (primary loop and other 
contaminated circuits) 

1989 

Project completion date: 

Project status when included 
in this Annex (1990): 

Fuel unloaded; design of dismantling 
equipment progressing 

Project status as at 
18th September 1990: 

As above; chemical decontamination of 
the whole primary loop on hand 

1. Country: Canada 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Gentilly-l Nuclear Power Plant 

Gentilly, Quebec, Canada 

Heavy Water Moderated Boiling Light 
Water Cooled Prototype Reac
tor (HWLWR) 

250 MWe (net) 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1966 

1970 (criricality) 

1979 

4 400h 

4. Decommissioning Project Data: 

Option(s) selected: Static state (variant of Stage 1 as defined 
by the IAEA) 
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Date du debut du declassement: Mi-1980 

Date de 1'achievement du 
declassement: 

Etat d'avancement des travaux 
au stade de 1' inscription dans 
l'Annexe (1985): 

Etat d'avancement des travaux 
au 18 septembre 1990: 

Mars 1986 

Etudes techniques de conception achevees 
pour la « conservation en l'etat »; travaux 
en cours pour atteindre ce niveau 

Projet acheve, 1'installation etant 
« conserved en l'etat» (une variante du 
niveau 2, tel qu'il est defini par 1'AIEA) en 
mars 1986; des travaux de declassement 
additionnels de portee limitee sont effec-
tues pendant la phase statique 

1. Pays: Canada 

2. Description de I'installation 

Nom: 

Lieu. 

Type et utilisation : 

Dibit de puissance: 

Demonstration nucleaire (NPD) 

Rolphton, Ontario, Canada 

R6acteur prototype modere a eau lourde et 
refroidi par eau lourde 

22 MWe (net) 

3. Historique de iexploitation : 

Date du debut de la construction 

Date de demarrage : 

Date de 1'arret definitif: 

Temps de rendement a pleine 
puissance: 

1958 

1962 

1987 

150 000 h 

4. Donne'es sur le declassement 
del'installation: 

Option(s) sdlectionnee(s): « Conservation en l'etat »(une variante du 
niveau 1 tel qu'il est defini par l'AIEA) 
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Project start date: 

Pr ; ;ct completion date: 

Mid-1980 

March 1986 

Project status when included 
in this Annex (1985): 

Project status as at 
18th September 1990: 

Conceptual engineering and planning 
complete for static state; work in progress 
to reach this stage 

Project completed with facility placed in a 
static state (variant of Stage 2 as defined 
by the IAEA) as at March 1986; additional 
decommissioning work being accom
plished on a limited scale during the dor
mancy phase 

1. Country: Canada 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Nuclear Power Demonstration (NPD) 

Rolphton, Ontario, Canada 

Heavy Water Moderated Heavy Water 
Cooled Prototype Reactor 

22 MWe (net) 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1958 

1962 

1987 

150 000 h 

4. Decommissioning Project Data: 

Option(s) selected: Static state (variant of Stage 1 as defined 
by the IAEA) 
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Date du dlbut du dlclassement: Mi-1987 

Date de l'achevement du 
d&lassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1988): 

Etat d'avancement des travaux 
au 18 septembre 1990 : 

Septembre 1988 

« Conservation en l'6tat» sous surveil
lance est atteinte en septembre 1988 

Projet achev6 

1. Pays: Canada 

2. Description de Vinstallation 

Nom: 

Lieu : 

Type et utilisation: 

Dibit de puissance: 

Tunney's Pasture Facility 

Goldenrod Avenue, Ottawa, Canada 

Installation de recherche et manipulation 
de radioisotopes 

n/a 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de ddmarrage: 

Date de l'arrfit definitif : 

Temps de rendement a pleine 
puissance: 

1952 

1952 

1981 

n/a 

4. Donnies sur le diclassement 
de Vinstallation : 

Option(s) s61ectionn£e(s): 

Date du dlbut du dlclassement 

Date de l'achevement du 
dlclassement: 

D6classement en vue d'une utilisation sans 
restriction 

Fdvrier 1990 

Septembre 1992 
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Project start date: 

Project completion date: 

Project status when included 
in this Annex (1988): 

Mid-1987 

September 1988 

Static state achieved under remote 
surveillance in September 1988 

Project status as at 
18th September 1990: Project completed 

1. Country: 

2. Facility Description: 

Name: 

Location: 

TVpe and use: 

Power rating: 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

Canada 

Tunney's Pasture Facility 

Goldenrod Avenue, Ottawa, Canada 

Radioisotope Research and Handling Fa
cility 

n/a 

1952 

1952 

1981 

n/a 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Decommission to unrestricted use 

February 1990 

September 1992 

153 



Etat d'avancement des travaux au 
stade de Proscription dans 
1'Annexe (1990): 

Etat d'avancement des travaux au 
18 septembre 1990: 

1. Pays: 

2. Description de l'installation : 

Nom : 

Lieu: 

Type et utilisation: 

Dibit de puissance: 

3. Historique de Vexploitation : 

Date du debut de la construction : 

Date de demarrage: 

Date de l'arrlt dlfinitif: 

Temps de rendement a pleine 

puissance: 

4. Donnies sur le diclassement 

de Vinstallation: 

Option(s) sllectionnle(s): 

Date du dlbut du diclassement: 

Date de 1'achievement du 
diclassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1985): 
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lre phase du diclassement en cours 

Voir ci-dessus 

France 

Rapsodie 

Centre d'etudes nucleaires de Cadarache, 
France 

Reacteur experimental a neutrons rapides 
refroidi au sodium 

40MWth 

1961 

1967 

1982 

n/a 

Niveau 2 (pour expertise des composanto) 

1983 

1991 

Etudes prlliminaires 



Project status when included 
in this Annex (1990): Phase 1 decommissioning in progress 

Project status as at 
18th September 1990: As above 

1. Country: France 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Rapsodie 

Centre d'Etudes Nucleaires, Cadarache, 
France 

Experimental Sodium Cooled Fast Reac
tor 

40 MWth 

3. Operating History: 

Date construction started: 1961 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1967 

1982 

n/a 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Stage 2 (for examination of components) 

1983 

1991 

Project status when included 
in this Annex (1985): Preliminary study 
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Etat d'avancement des travaux 
au 18 septembre 1990 : 

1. Pays : 

2. Description de I'installation : 

Norn: 

Lieu : 

Type et utilisation: 

Dibit de puissance: 

3. Historique de Vexploitation : 

Date du dlbut de la construction : 

Date de dlmarrage: 

Date de 1'arret deTmitif: 

Temps de rendement a pleine 

puissance: 

4. Donntes sur le diclassement 

de Vinstallation: 

Option(s) selectionnee(s) : 

Date du dlbut du dlclassement: 

Date de l'achevement du 
dlclassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1985): 
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Fin du d&nantelement du circuit primaire; 
confinement du bloc rlacteur en cours; fin 
des eludes pour la destruction de 1'installa
tion ; reflexions en cours pour un eventuel 
dlclassement au niveau 3 

France 

G2 

C.E.N. Valrho, Centre de Marcoule, 
France 

Puissance 61ectrique et production de ma
tures 

45 MWe, 250 MWth 

1954 

1958 

1980 

147 332 h 

Niveau 2 suivi du niveau 3 

1982 

Vers 1'annde 1995 

Maintien au niveau 1 ; 6tudes prelimi-
naires niveau 2 



Project status as at 
18th September 1990: 

Dismantling of the primary circuit 
completed; confinement of the reactor 
block in progress; studies for installation 
destruction completed; preliminary stu
dies being undertaken with a view to 
Stage 3 decommissioning 

Country: France 

Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

G2 

C.E.N. Valrho, Marcoule Centre, France 

Electricity and nuclear materials produc
tion 

45 MWe, 250 MWth 

Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1954 

1958 

1980 

147 332 h 

Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Stage 2 followed by Stage 3 

1982 

About 1995 

Project status when included 
in this Annex (1985): Stage 1; preliminary studies for Stage 2 
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Etat d'avancement des travaux 
au 18 septembre 1990: Niveau 2 

1. Pays: France 

2. Description de I'installation 

Nom : 

Lieu : 

Type et utilisation: 

Debit de puissance: 

ATI 

Centre de production Cogema — Site de 
La Hague, France 

Atelier pilote pour le retraitement du com
bustible de r6acteur surgenerateur 

lkg/jour de combustibles irradies 

3. Historique de Vexploitation : 

Date du dlbut de la construction 

Date de demarrage: 

Date de 1'arret deTinitif: 

Temps de rendement a pleine 
puissance: 

1964 

1969 

1979 

n/a 

4. Donne-es sur le diclassemenl 
del'installation: 

Option(s) s£Iectionne'e(s): 

Date du dlbut du dSclassement 

Date de l'achevement du 
dlclassement: 

Etat d'avancement des travaux 
au stade de l'inscription dans 
1'Annexe (1985): 

Etat d'avancement des travaux 
au 18 septembre 1990 : 

Dlmant&lement complet (niveau 3) sauf 
les batiments 

1982 

Fin 1991 

Dlmantelement en cours 

Ne restent a dlmanteler que les ateliers de 
cisaillage, de dissolution et du premier 
cycle d'extraction, ainsi que les cellules de 
stockage des effluents 

158 



Project status as at 
18th September 1990: Stage 2 

1. Country: 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Project status when included 
in this Annex (1985): 

Project status as at 
18th September 1990: 
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France 

ATI 

Centre de Production Cogema — Site de 
La Hague, France 

Pilot Reprocessing Plant for FBR oxide 
fuel 

1 kg/d of irradiated fuel 

1964 

1969 

1979 

n/a 

Complete dismantling (Stage 3) except for 
the buildings 

1982 

Late 1991 

Dismantling underway 

Only the shearing, dissolution and first 
extraction cycle, and effluent storage cells 
remain to be dismantled 



1. Pays : République fédérale d'Allemagne 

2. Description de l'installation : 

Nom : 

Lieu : 

T^pe et utilisation : 

Débit de puissance : 

3. Historique de l'exploitation : 

Date du début de la construction : 

Date de démarrage : 

Date de l'arrêt définitif: 

Temps de rendement à pleine 

puissance : 

4. Données sur le déclassement 

de l'installation : 

Option(s) sélectionnée(s) : 

Date du début du déclassement : 

Date de l'achèvement du 
déclassement : 

Etat d'avancement des travaux 
au stade de l'inscription dans 
l'Annexe (1985) : 

Etat d'avancement des travaux 
au 18 septembre 1990 : 
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Kemkraftwerk Niederaichbach (KKN) 

Niederaichbach, RFA 

Réacteur refroidi par gaz à tubes de force 
(modéré à l'eau lourde) ; production 
d'électricité 

100 MWe 

1966 

1972 

1974 

107 kWh 

Démantèlement (niveau 3) 

1979 

1993 

Mise sous enveloppe de sûreté ; planifica
tion terminée ; en attente de l'autorisation 
du démantèlement 

Fin du démantèlement des matériaux 
inactifs et contaminés ; lancement du 
démantèlement sous surveillance des 
équipements internes du réacteur 



Country: Federal Republic of Germany 

Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Project status when included 
in this Annex (1985): 

Project status as at 
18th September 1990: 
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Kernkraftwerk Niederaichbach (KKN) 

Niederaichbach, FRG 

Gas-cooled Pressure Tube Reactor 
(Heavy Water Moderated); electricity pro
duction 

100 MWe 

1966 

1972 

1974 

107 kWh 

Dismantling (Stage 3) 

1979 

1993 

Safe enclosure of the reactor building; 
planning work completed; expecting dis
mantling licence 

Dismantling of inactive and contaminated 
material completed; remotely controlled 
dismantling of reactor internals started 



1. Pays: Rlpublique fldirale d'Allemagne 

2. Description de I'installation : 

Norn: 

Lieu: 

Type et utilisation: 

Debit de puissance : 

Kernkraftwerk Lingen GmbH 

D-4450 Lingen, Basse Saxe, RFA 

Centrale nucleaire ; reacteur a eau bouil-
lante avec transformateurs de vapeur et 
surchauffage dans le circuit secondaire 

520 MWth (reacteur), 256 MWe (net) 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de dlmarrage : 

Date de 1'arret deTmitif: 

Temps de rendement a pleine 
puissance: 

1964 

1968 

1977 

11 002 MWh, 44 102 h reacteur 

4. Donnies sur le diclassement 
de I'installation: 

Option(s) s61ectionn£e(s): 

Date du dlbut du d6classement: 

Date de l'achevement du 
diclassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
PAnnexe (1985): 

Etat d'avancement des travaux 
au 18 septembre 1990: 

Niveau 1 

1979 

1986 

Autorisation; enlevement de combus
tible ; Evacuation de 1'eau du circuit 
rlacteur 

Niveau 1 achieve" 
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1. Country: Federal Republic of Germany 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Project status when included 
in this Annex (1985): 

Project status as at 
18th September 1990: 
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Kemkraftwerk Lingen GmbH 

D-4450 Lingen, Lower Saxony, FRG 

Boiling Water Reactor (BWR) with steam 
transformers and superheater in the sec
ondary circuit; power plant 

520 MWth (reactor), 256 MWe (net) 

1964 

1968 

1977 

11002 MWh: 44 102 h reactor 

Stage 1 

1979 

1986 

Licensing; fuel removed; water removed 
from reactor circuit 

Stage 1 completed 



1. Pays: Republique federate d'Allemagne 

2. Description de ('installation 

Norn: 

Lieu : 

Type et utilisation: 

Debit de puissance: 

Mehrzweck-Forschungs-Reaktor 
Karlsruhe (MZFR) 

Kernforschungszentrum Karlsruhe, RFA 

Installation de recherche a eau pressur-
isee ; moderee et refroidie par eau lourde; 
production d'energie 

200 MWth, 58 MWe 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de demarrage: 

Date de 1'arret deTmitif: 

Temps de rendement a pleine 
puissance: 

1961 

1965 

1984 

5xl06MWhe 

4. Donnies sur le diclassement 
de Vinstallation : 

Option(s) s61ectionn£e(s): 

Date du debut du declassement 

Date de l'achevement du 
d£classement: 

Etat d'avancement des travaux 
au stade de V inscription dans 
l'Annexe (1985): 

Etat d'avancement des travaux 
au 18 septembre 1990 : 

Enceinte de securite du batiment du reac-
teur 

1987 

1999 

Systemes vid£s et seches 

Concession d'un perm is de 
demantelement pour les travaux initiaux 
en vue du demantelement de niveau 3 
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1. Country: Federal Republic of Germany 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Mehrzweck-Forschungs-Reaktor 
Karlsruhe (MZFR) 

Kernforschungszentrum Karlsruhe, FRG 

Heavy Water Moderated and Cooled Pres
surized Water Reactor (PWR) Research 
Facility; power generation 

200 MWth, 58 MWe 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1961 

1965 

1984 

5xl06MWhe 

4. Decommissioning Project Data: 

Opiion(s) selected: 

Project start date: 

Project completion date: 

Dismantling Stage 3 

1987 

1999 

Project status when included 
in this Annex (1989): 

Project status as at 
18th September 1990: 

Systems emptied and dried out 

Dismantling licence granted for initial 
work towards Stage 3 dismantling 
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1. Pays: Italie 

2. Description de {'installation : 

Nom: 

Lieu: 

type et utilisation: 

Dibit de puissance: 

Centrale nucleaire de Garigliano 

Sessa Aumnca (Caserta), Italie 

Centrale nucleaire ; reacteur a eau bouil-
lante a double circuit 

160 MWe 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de demr . , e : 

Date de l'arret definitif: 

Temps de rendement a pleine 
puissance: 

1958 

1964 

1978 

4. Donnies sur le diclassement 
de Vinstallation: 

Option(s) selectionnee(s): 

Date du debut du declassement 

Date de l'achevement du 
declassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1985): 

Enlevement du combustible ; evacuation 
des effluents des circuits du reacteur; en
ceinte de confinement ; decontamination 
et liberation de la salle des machines ; 
traitement et conditionnement des efflu
ents radioactifs ; le demantelement du 
reacteur est reporte a trente ans 

1982 

1995 (ne comprenant pas le deman
telement du reacteur) 

Evacuation complete du combustible 
(1985-1987); la salle des machines sera 
decontaminee et liberee dans cinq a six ans 
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1. Country: Italy 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Project status when included 
in this Annex (1985): 
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Garigliano Nuclear Power Plant 

Sessa Aurunca (Caserta), Italy 

Power Plant with Boiling Water Reactor; 
dual cycle 

160 MWe 

1958 

1964 

1978 

Removing fuel; removing fluids from 
reactor circuits; confining radioactivity in 
main containment; decontaminating and 
releasing turbine house; treatment and 
conditioning of the rad wastes; postponing 
reactor dismantling about thirty years 

1982 

1995 (not including reactor dismantling) 

Fuel to be removed (1985-1987); turbine 
house decontaminated and released in 
five-six years 



Etat d'avancement des travaux 
au 18 septembre 1990: 

1. Pays: 

2. Description de Vinstallation : 

Nom: 

Lieu: 

Type et utilisation: 

Debit de puissance: 

3. Historique de Vexploitation : 

Date du d£but de la construction : 

Date de demarrage: 

Date de l'arrgt definitif: 

Temps de rendement a pleine 
puissance: 

4. Donnies sur le diclassement 
de Vinstallation: 

Option(s) s£lectionnee(s): 

Date du debut du dgclassement: 

Date de 1'achevement du 
dSclassement: 
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Approbation du modele de conditionne
ment du depot de matieres de haute acti
vity debut des operations: juin 1991; ap
probation du modele de conditionnement 
des boues et resines, debut des operations: 
juin 1992 ; supercompaction de 2 000 futs 
rlduits a 700 en 1988 ; poursuite de l'eta-
blissement de plans pour une enceinte sure 
pour le batiment du reacteur 

Japon 

Japan Power Demonstration Reactor 
(JPDR) 

JAERI, Tokai-mura, Naka-gun, Ibaraki-
ken, 319-11, Japon 

Reacteur de recherche a eau bouillante 

90 MWth (12.5 MWe) 

1960 

1963 

1976 

10 654 h 

Niveau 3 

1983 

1993 



Project status as at 
18th September 1990: 

Design of conditioning of high activity 
material deposit approved, beginning of 
operations: June 1991; design of condi
tioning of sludges and resins approved, be
ginning of operations: June 1992; super-
compaction of 2,000 drums reduced to 700 
in 1988; design for the safe enclosure of 
the reactor building underway 

1. Country: Japan 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Japan Power Demonstration Reactor 
(JPDR) 

JAERI, Tokai-mura, Naka-gun, Ibaraki-
ken, 319-11, Japan 

Boiling Water Reactor (BWR); research 

90 MWth, 12.5 MWe 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1960 

1963 

1976 

10,654 h 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Stage 3 

1983 

1993 
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Etat d'avancement des travaux 
au stade de l'inscription dans 
l'Annexe (1985): 

Etat d'avancement des travaux 
au 18 septembre 1990: 

Etude preliminaire et 6tude technique de 
conception en cours ; declassement 
autorise 

Demantelement de la cuve sous pression 
du reacteur en cours 

1. Pays : Royaume-Uni 

2. Description de I'installation 

Nom: 

Lieu: 

Type et utilisation : 

Debit de puissance: 

Windscale Advanced Gas Cooled Reactor 
(WAGR) 

Sellafield, Seascale, Cumbria, Royaume-
Uni 
Reacteur prototype pour les essais de com
bustible 

100 MWth, 33 MWe 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de d6marrage: 

Date de 1'arret definitif: 

Temps de rendement a pleine 
puissance: 

1958 

1962 

1981 

3.7 x 109 kWh, facteur de charge moyen 
de0.7 

4. Donnies sur le diclassement 
de Vinstallation : 

Option(s) selectionnee(s): 

Date du debut du declassement: 

Date de 1'achievement du 
declassement: 

Etat d'avancement des travaux 
au stade de 1'inscription dans 
l'Annexe (1985): 

Niveau 3 

1981 

1996 

Enlevement de combustible achevg 
demantelement en cours 
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Project status when included Preliminary study and conceptual 
in this Annex (1985): engineering; project authorised 

Project status as at 
18th September 1990: 

Dismantling of reactor pressure vessel 
underway 

1. Country: United Kingdom 

2. Facility Description: 

Name: 

Location: 

"type and use: 

Power rating: 

Windscale Advanced Gas Cooled 
Reactor (WAGR) 

Sellafield, Seascale, Cumbria, United 
Kingdom 

Prototype Power and Fuel Test Reactor 

100 MWth, 33 MWe 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1958 

1962 

1981 

3.7 x 109 kWh at average load factor of 0.7 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Stage 3 

1981 

1996 

Project status when included 
in this Annex (1985): 

Defuelling completed; dismantling in 
progress 
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Etat d'avancement des travaux 
au 18 septembre 1990 : 

Pays : 

Description de l'installation : 

Nom : 

Lieu : 

Type et utilisation : 

Débit de puissance : 

Historique de l'exploitation : 

Date du début de la construction : 

Date de démarrage : 

Date de l'arrêt définitif : 

Temps de rendement à pleine 
puissance : 

Données sur le déclassement 
de l'installation : 

Option(s) sélectionnée(s) : 

Date du début du déclassement : 

Date de l'achèvement du 
déclassement : 

Etat d'avancement des travaux 
au stade de l'inscription dans 
l'Annexe (1987) : 
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Enlèvement de l'écran biologique supé
rieur ; démantèlement de l'appareil d'en
fournement ; démantèlement du dôme PV 
supérieur en cours 

Royaume-Uni 

Co-precipitation Plant 

BNFL, Sellafield, Seascale, Cumbria, 
Royaume-Uni 

Installation de production de plutonium 
mixte et de combustibles de dioxyde 
d'uranium pour le réacteur prototype à 
neutrons rapides de l'UKAEA (PFR) 

48 Kgm/jour oxyde mixte 

1967 

1969 

Juin 1990 

n/a 

Niveau 3 (démantèlement complet sauf les 
bâtiments) 

Octobre 1985 

Juin 1990 

Planification bien avancée ; conception 
et études techniques pour les acquisitions 
d'équipements en cours ; démarrage des 
travaux préliminaires de nettoyage 



Project status as at 
18th September 1990: 

Top biological shield removed; charge 
machine dismantled; dismantling of PV 
top dome in progress 

1. Country: United Kingdom 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

Co-precipitation Plant 

BNFL, Sellafield, Seascale, Cumbria, 
United Kingdom 

Plant for production of mixed plutonium 
and uranium dioxide fuel for the UKAEA 
Prototype Fast Reactor (PFR) 

48 Kgm/day mixed oxide product 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1967 

1969 

1976 

n/a 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date-

Project completion date: 

Project status when included 
in this Annex (1987): 

Stage 3 (complete dismantling except for 
building) 

October 1985 

June 1990 

Planning well advanced; design and 
engineering for equipment procurement 
progressing; preliminary plant clean out 
work started 

173 



Etat d'avancement des travaux 
au 18 septembre 1990: 

Acheve; decontamination a des niveaux 
de respiration sans restriction et ^utilisa
tion de la zone de Installation 

1. Pays Royaume-Uni 

2. Description de Vinstallation 

Nom : 

Lieu : 

Type et utilisation: 

Debit de puissance: 

Primary Separation Plant, B204 

BNFL, Sellafield, Seascale, Cumbria, 
Royaume-Uni 

Installation de retraitement 

Production finale de metal : 500 te/an ; 
production finale d'oxydes: 
140 te/an — 91 te (total) 

3. Historique de Sexploitation : 

Date du de"but de la construction: 

Date de demarrage : 

Date de l'arret definitif: 

Temps de rendement a pleine 
puissance : 

1949 

1942; 1952-1964 retraitement de com
bustible metallique irradie d'uranium ; 
1964-1969 modification des cellules sud 
en vue du retraitement de combustibles 
oxydes ; 1969-1973 retraitement de com
bustibles oxydes 

1973 

n/a 

4. Donnies sur le declassement 
de Vinstallation: 

Option(s) selectionn£e(s): 

Date du dlbut du declassement 

Dlmantelement au niveau 2 de 1'installa
tion et de l'lquipement de traitement pri-
maire; decontamination des structures 
rlsiduelles de maniere a satisfaire les 
criteres d Elimination de dechets de faible 
activity 

Cellules nord 
1990 

1990 ; cellules sud — 
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Project status as at 
18th September 1990: 

1. Country: 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

3. Operating History: 

Date construction started : 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 
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Completed; plant area decontaminated to 
free breathing levels and being reused 

United Kingdom 

Primary Separation Plant, B204 

BNFL, Sellafield, Seascale, Cumbria, 
United Kingdom 

Reprocessing Facility 

Metal throughput 500 te/yr; 
Oxide throughput 140 te/yr - 91 te (total) 

1949 

1952; 1952-1964 reprocessing irradiated 
uranium metal fuel; 1964-1969 south cells 
modified for reprocessing oxide fuel; 
1969-1973 reprocessing of oxide fuel 

1973 

n/a 

Stage 2 dismantling of primary process 
plant and equipment; decontamination of 
residual structures to meet low level waste 
disposal criteria 

North cells - 1990; south cells - 1990 



Date de l'achevement du 
declassement: 

Etat d'avancement des travaux au 
stade de l'inscription dans 
l'Annexe (1990) : 

Etat d'avancement des travaux 
au 18 septembre 1990: 

1. Pays: 

2. Description de Vinstallation: 

Nom : 

Lieu: 

Type et utilisation: 

Debit de puissance : 

3. Historique de Vexploitation : 

Date du debut de la construction : 

Date de demarrage: 

Date de 1'arret definitif: 

Temps de rendement a pleine 

puissance: 

4. Donnies sur le diclassement 

de Vinstallation: 

Option(s) selectionnee(s): 

Date du dlbut du diclassement: 

Date de I'achevement du 
diclassement: 

Cellules nord — 2000 ; cellules sud — 
2005 

Conception et planification en cours 

Voir ci-dessus 

Etats-Unis d'Am6rique 

Shippingport Atomic Power Station 

Shippingport, Pennsylvanie, USA 

Centrale nucleaire 

72 MWe (brut) (Noyau III) 

1954 

1957 

1982 

236.6 MWth (max); total 84 093 h ; 
Novau I 27 781 h ; Noyau II 23 812 h ; 
Noyau III 32 500 h 

Dlmantelement (niveau 3) 

1979 

Decembre 1989 
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Project completion date: 

Project status when included 
in this Annex (1990): 

Project status as at 
18th September 1990: 

North cells - 2000; south cells - 2005 

Design and planning underway 

As above 

1. Country: 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

United States of America 

Shippingport Atomic Power Station 

Shippingport, Pennsylvania, USA 

Nuclear Power Plant 

72 MWe (gross) (Core III) 

1954 

1957 

1982 

236.6 MWth (max) total 84 093 h; Core I 
27 781 h; Core II 23 812 h; Core HI 
32 500 h 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Dismantlement (Stage 3) 

1979 

December 1989 
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Etat d'avancement des travaux 
au stade de Proscription dans 
l'Annexe (1985): 

Etat d'avancement des travaux 
au 18 septembre 1990: 

Preparation pour d6mantelement a 
partir de septembre 1985 

Le travail physique associe aux ope
rations de dedassement a ete acheve en 
juin 1989 et le projet, y compris les rap
ports finals, a ete acheve en decembre 
1989 

1. Pays: Etats-Unis d'Amerique 

2. Description de I'installation 

Norn : 

Lieu : 

Type et utilisation: 

Dibit de puissance: 

West Valley Demonstration Project 

West Valley, New York, USA 

Atelier pour le retraitement de combus
tible de r£acteurs a eau ordinaire 

1 tonne metrique/jour de metal lourd 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de dlmarrage: 

Date de 1'arret deTinitif: 

Temps de rendement a pleine 
puissance: 

1962 

1966 

1972 

n/a 

4. Donnies sur le diclassement 
de iinstallation: 

Option(s) s61ectionn6e(s): Decontamination avec ^utilisation de cer-
taines zones pour la solidification des 
dlchets fortement radioactifs; deuxieme 
d^classement apres achevcment de l'acti-
vite de solidification de ces dechets 

Date du debut du declassement: Octobre 1980 
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Project status when included 
in this Annex (1985): 

Preparations to begin plant dismantling 
September 1985 

Project status as at 
18th September 1990: 

Physical work associated with decommis
sioning operations was completed in June 
1989 and the project, including final 
reports, was completed in December 1989 

1. Country: United States of America 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

West Valley Demonstration Project 

West Valley, New York, USA 

Reprocessing plant for light water reactor 
fuel 

1 metric ton/day of heavy metal 

3. Operating History: 

Date construction started: 

Date of initial startup: 

Date of final shutdown: 

Effective full power: 

1962 

1966 

1972 

n/a 

4. Decommissioning Project Data: 

Option(s) selected: Decontamination with reuse of some areas 
for high-level waste (HLW) solidifica
tion; second decommissioning after com
pletion of HLW solidification activity 

Project start date: October 1980 
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Date de Pachevement du 

declassement: 

Etat d'avancement des travaux 
au stade de l'inscription dans 
1* Annexe (1986): 

Etat d'avancement des travaux 
au 18 septembie 1990 : 

Phase 1 de vitrification des dechets de 
haute activite commencee en decembre 
1994, achevee en mai 1996 ; phase 2 
(declassement final) — en cours devalua
tion 

Decontamination de certaines cellules de 
traitement; preparation et tests des equi-
pements pour la solidification des dechets 
fortement radioactifs 

La construction d'une installation de vitri
fication de dechets de haute activite a ete 
completee a 55 pour cent; un programme 
de tests a froid d 'environ cinq ans 
completant le programme de vitrification a 
ete acheve ; plus de 70 pour cent des 
dechets liquides de haute activite ont ete 
solidifies avec du ciment dans des futs 
comme les dechets de faible activite, et ont 
ete deposes temporairement a la surface du 
site en attendant une decision sur le mode 
d' evacuation 

1. Pays Eiats-Unis d'Amerique 

2. Description de I'installation 

Nom 

Lieu: 

Type et utilisation: 

Debit de puissance: 

Experimental Boiling Water Reactor De
commissioning Project (EBWR) 

Argonne National Laboratory, Chicago, Il
linois, USA 

Reacteur experimental a eau bouillante 

20 000 a 100 000 kilowatts thermiques, 
5 000 kilowatts electriques 

3. Historique de Vexploitation : 

Date du debut de la construction 

Date de demarrage : 

Date de 1'arret definitif: 

Juillet 1955 

Decembre 1956 

Juillet 1967 
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Project completion date: 

Project status when included 
in this Annex (1986): 

Project status as at 
18th September 1990: 

1. Country: 

2. Facility Description: 

Name: 

Location: 

Type and use: 

Power rating: 

3. Operating History: 

Date construction started: 

Date of initial startup: 
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Phase 1, High Level Waste Vitrification, is 
scheduled to begin December 1994 and to 
be completed May 1996; the alternative 
methods for accomplishing Phase 2, Final 
Decommissioning, are being evaluated 

Some process cells decontaminated; 
equipment being set up and tested for High 
Level Waste solidification 

Construction for High Level Waste Vitrifi
cation Facility 55 per cent completed; a 
cold test programme, covering nearly five 
years in support of the Vitrification Pro
gramme, completed; over 70 per cent of 
the High Level Liquid Waste solidified 
with cement in drums as low level vaste 
and stored temporarily above ground on 
site pending disposal determination 

United States of America 

Experimental Boiling Water Reactor De
commissioning Project (EBWR) 

Argonne National Laboratory, Chicago, Il
linois, USA 
Experimental Boiling Water Reactor 

20 000 kilowatts to 100 000 kilowatts 
thermal, 5 000 kilowatts electric 

July 1955 

December 1956 



Temps de rendement à pleine 
puissance : n/a 

4. Données sur le déclassement 
de l'installation : 

Option(s) sélectionnée(e) : Démantèlement du réacteur par segmenta
tion sur place, retrait de tous les équipe
ments du bâtiment 

Date du début du déclassement : Janvier 1986 

Date de l'achèvement du 
déclassement : 

Etat d'avancement des travaux 
au stade de l'inscription dans 
l'Annexe (1990) ; 

Etat d'avancement des travaux 
au 18 septembre 1990 : 

Septembre 1994 

Systèmes primaires et secondaires retirés ; 
cuve du réacteur préparée pour segmenta
tion et retrait 

Enlèvement des équipements internes de 
la cuve du réacteur en cours 
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Date of final shutdown: July 1967 

Effective full power: n/a 

4. Decommissioning Project Data: 

Option(s) selected: 

Project start date: 

Project completion date: 

Project status when included 
in this Annex (1990): 

Project status as at 
18th September 1990: 

Dismantlement of the reactor by segment
ing in place, removal of all equipment 
from the building 

January 1986 

September 1994 

Primary and secondary systems removed; 
reactor vessel being prepared for segment
ing and removal 

Removal of reactor vessel internals in 
progress 
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Le Chef des Affaires Juridiques de l'Agence de 
l'OCDE pour l'Energie Nucliaire certifie que ce 
texte est conforme a 1'Accord dument approuve par 
les Participants au present Projet. 

Paris, 

Le Chef des Affaires Juridiques : 

Patrick REYNERS 
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