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M.C.O. +  DIGUE
REMPLISSAGE TOTAL

( Ex : Brugeaud - Montmassacrot - Lodève )

THALWEG BARRE PAR DIGUE
REMPLISSAGE TOTAL

( Ex : Forez - Bertholène )

DEPRESSION + MERLON OU DIGUE DE CEINTURE
REMPLISSAGE TOTAL

( Ex : Ecarpière - Jouac - Lavaugrasse )

M.C.O. (     T.M.S )
REMPLISSAGE TOTAL OU PARTIEL

( Ex : Bellezane - Cellier )

+-MCO (   TMS)    MCO + EMBANKMENT 

TOTAL OR PARTIAL FILLING  TOTAL FILLING 

�

THALWEG BLOCKED BY A DYKE HOLLOW + BUND WALL OR SURROUNDING 

EMBANKMENT 

TOTAL FILLING   TOTAL FILLING 
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The provision of this technical and economic data by 2015 will enable the Government to 
establish decision-making milestones for the continued management of LLW-LL type waste. 
 

 
 

Main milestones in the management of LLW-LL waste  
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Appendix 1: Studies on preservation of memory 
 
The memory project launched by Andra in 2010 comprises on the one hand work designed to 
continue to create and improve records about the facilities and, on the other, scientific studies 
concerning two fields: materials ageing and human and social sciences (HSS). 
 
With regard to creating and improving a memory of the centres, the following work has been 
started: 
- the pertinence of the memory archive for the Manche disposal facility in the light of the 

needs of future generations and analysed every ten years by a group of international 
stakeholders, in order to periodically examine its adequacy and its comprehensiveness. An 
initial exercise of this type was carried out in 2012 and identified a number of 
improvements that could be made to the system; 

- preparations for recording the memory of the Cigéo geological disposal project are under 
way: creation of the detailed memory of the Meuse / Haute-Marne underground 
laboratory and other elements concerning preparations for the creation of Cigéo (from 
among everything produced since the early 1980s select that which needs to be kept as to 
substantiate the decision to create Cigéo); 

- the “technical” utility of the memory must be better explained, on the one hand to specify 
the benefits of this record for long-term safety and on the other to clarify the reversibility 
requirement; 

- around these sites, Andra proposes setting up think tanks to interest the local populations 
in this problem, but also to collect their ideas about how they could locally assimilate it; 

- collaborations with a number of French and international artists are organised, in various 
artistic fields, in order to obtain their vision of the problem of recording the memory of 
the repositories through their art; 

- Andra takes part in international work on memory as part of the NEA/RWMC/RK&M 
working group (benchmark practices in various participating countries, joint definitions 
and bibliography, and drafting of recommendations); 

- the creation of spaces dedicated to this memory is envisaged (in Andra’s public visitor 
centres, study of the creation of a historical archive centre with delegation to the Archives 
de France). 

 
Scientific studies into the ageing of materials consisted in testing the permanent ink/paper 
combination by means of standardised tests. Durability studies on other media for the longer 
term are currently being defined. They will concern non-paper media for writing and engraving, 
in particular studies of surface markers to be installed on the cover over the centres and the 
production of sapphire disks as demonstrators for a memory medium, the longevity of which 
could be up to a million years. 
 
With regard to HSS, a group of laboratories was created to study perception of long time scales. 
For the other subjects linked to HSS (archives, linguistics, museography, archaeology of 
techniques and landscapes, etc.), a three-stage approach is planned: a succinct bibliography 
designed to show whether works already exist and are sufficient, otherwise a detailed 
bibliography produced with universities in order to determine any research that is to be 
incorporated into the scientific programme. The work will in particular concern continuity, 
temporality and vestiges, as well as the social dimension of the problem. 
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Continuity will in particular be studied through: 
- languages and symbols, in order to determine for what reasonable time current or dead 

languages can be known and what the communication solutions could be once these 
languages cease to be known; 

- institutional conservation of written works, sounds, images, objects, etc. by specialised 
French and international organisations, to analyse the preventive measures taken to limit 
deterioration over time and encourage assimilation and transmission by future 
generations; 

- long-term digital archival, more specifically by organising an intelligence watch in this 
field, which is beginning to become organised and which, within the next few decades, 
could open up new prospects for the long term. 

 
Temporality and vestiges will more specifically be studied through: 
- the archaeology of techniques and landscapes, incorporating man-made changes and 

geodynamic changes, as well as the possibilities of memory resulting from the 
permanence of infrastructures created by Man; 

- the memory of “legacy” repositories not managed by Andra, which exist in various places 
in France (uranium mines, nuclear tests, etc.). 

 
The social dimension will in particular be studied through: 
- the perception by the public of long time scales (several thousand years and more), within 

the framework of the grouping of human and social sciences laboratories; 
- the three possible directions of social change in science, technology, humanity, etc. 

(regression, stagnation, progression); 
- the integration of preserving the memory of repositories into teaching programmes on 

nuclear energy, heritage and memory; 
- transmission of memory between generations via internet social networks to provide 

global information about the memory and records of the repositories. 
 
The memory project is marked by the milestones of the Cigéo disposal facility project, first of all 
the public debate in 2013, for which Andra will be required to provide the elements needed for a 
debate involving the stakeholders in the broad sense, and then the creation authorisation 
application in 2015. It will continue in parallel with the development of the repository and its 
gradual closure. 
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Appendix 2: Summary of achievements and research in foreign countries 

1 SUMMARY OF ACHIEVEMENTS ABROAD 

This summary presents achievements abroad concerning the management of radioactive 
materials and waste (countries concerned: Belgium, Canada, China, Finland, Germany, Japan, 
Netherlands, Spain, Sweden, Switzerland, United Kingdom and the United States). The notion of 
“achievement” is considered relatively broadly, including not only the drafting of the legal 
framework and the definition of a classification of radioactive waste, but also the development of 
management programmes. 
 

1.1 Drafting of a legal framework 

Radioactive waste management plans (similar to the PNGMDR to varying extents) sometimes 
exist abroad, but with objectives that vary significantly from one country to another. 
Furthermore, some of these plans are not made public. 
 
In Belgium, the Ondraf published a national high-level waste plan in 2011, which establishes 
various avenues for long-term management, analyses their environmental impact and submits 
them to the public for their opinion. 
 
The United States announced its intention to adopt a new approach, following the 2009 decision 
to abandon the envisaged disposal of high-level waste and spent fuels at Yucca Mountain. The 
Blue Ribbon Commission set up to review spent fuel and HLW waste management strategy is 
proposing plans that will constitute the foundations of future Government actions.  
 
In 2006, the United Kingdom published a White Paper entitled “Managing Radioactive Waste 
Safely - proposals for developing a policy for managing solid radioactive waste in the UK”, which 
announces a waste management plan and organisation.  
 
For several years now, Spain has been periodically publishing a General Radioactive Waste Plan, 
which is scheduled to be revised on a regular basis. It mainly stipulates overall institutional 
directives. 
 
With regard to inventory, practices vary widely, particularly concerning scope (the French 
specificity concerning VLLW, the inclusion of mining waste in the United States), exhaustiveness 
and the level of detail (less detailed in Germany than in France), distribution to the public (the 
inventory is not public in Spain; in Japan the producers are free to make their own inventories 
public or not), the rate of updating and the coverage of waste referred to as “engaged” given the 
current rate of production (until 2080 for Germany, but in the United States for instance, 
engaged waste is not included). 
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Despite the work done by IAEA (which provides a database common to all countries, but with a 
relatively global approach involving very broad categories), comparisons remain difficult, in 
particular because the units of reference (volume, weight, etc.) used to measure the quantities of 
radioactive waste, differ from one country to another. 
 
As in France with Andra, a public organisation is responsible for implementing the management 
of radioactive materials and waste in Belgium (ONDRAF-NIRAS) and in Spain (ENRESA). 
There is a public organisation in the Netherlands, COVRA, but it is not really comparable, be it 
in terms of scope of waste covered, or in terms of activities. However, the waste producers 
(especially the private ones) are most often directly responsible for practical implementation of 
waste management. They then create a cooperative to manage certain waste, jointly with the 
public producers: Canada (NWMO-SGDN), Finland (Posiva Oy, for spent fuel only), Sweden 
(SKB), Switzerland (CEDRA-NAGRA, which does not manage storage). Sometimes, there is no 
centralised organisation, notably in Japan, where each type of waste corresponds roughly to its 
own management route and organisation. It should be noted that these organisations are far from 
always being the “owners” of the waste they have to manage: in Canada, the producer remains 
responsible, even after closure of the disposal facility; in the United States, the State is 
responsible for civil waste as of the transport phase (followed by the disposal after burial and 
disposal after site closure phases). 
 
The list of organisations in charge of radioactive waste is given in the following table: 
 
With regard to the financing of radioactive waste management, the polluter-pays principle would 
seem to be universally applied for management of radioactive waste facilities, but not for waste 
management research. 
 
It should be noted that all the countries mentioned here (except for China, which is currently at 
the joining stage) are members of the IAEA Joint Convention on the Safety of Spent Fuel 
Management and the Safety of Radioactive Waste Management, which entered into force on 18th 
June 2001. These countries meet in Vienna every three years under the auspices of IAEA, to 
present their national reports describing the implementation of their obligations and any 
developments. The last meeting of this type was held in May 2012. 
 
It should be underlined that European directive 2011/70/Euratom of 19th July 2011 concerning 
the responsible and safe management of spent fuel and radioactive waste requires the 
establishment of national programmes specifying how the member States implement their 
national spent fuel and radioactive waste management policies. The content of the national 
programmes, set in article 12 of the directive, more specifically comprises an inventory of spent 
fuels and radioactive waste, the general objectives to be reached, the financing mechanisms and 
an estimate of the cost of the programme. This directive will thus harmonise the European 
framework for the management of spent fuel and more specifically the establishment every three 
years of the national programmes, the first version of which must be transmitted to the European 
Commission in mid-2015.  
  

1.2 Waste classification 

1.2.1 The different types of classifications 

There are two main approaches to defining the classification of radioactive waste: one approach 
based on the waste management route and one on the waste production route (this latter 
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approach being in part inherited from the historical construction of radiation protection, 
generally built around the individual production routes). 
 
Within the first approach (by management route), the classification abroad, in the same way as in 
France, often combines the parameters of the activity and lifetime of the radionuclides making up 
the waste (for example Belgium, Spain).  
 

However, the waste classification is sometimes based solely on the activity level. For example, in 
Canada, there are only two main categories (LLW/ILW and HLW + spent fuels), except for 
the specific management of mining waste. In the Netherlands, the classification comprises  a  
l a rger  number of  categories, but there is no distinction between short-lived and long-lived 
waste; consequently, there is no surface disposal project. 
 
Other classifications sometimes exist (leading to categories that are qualitatively comparable 
but which have quantitatively different thresholds): Germany for example has based its 
classification primarily on the exothermic nature of the waste. 
 
In countries which adopted the second approach (by production route), the classification is more 
complex, with routes specific to certain types of waste and combining activity and lifetime: 
United States, Japan and Sweden (in this last country the two types of approach in fact co-
exist). Finally, a category is sometimes added for waste from hospitals, universities, etc., for 
example in Finland. 
 
In addition, certain categories correspond to specifically national characteristics: Belgium 
(processing of 50% of the radium sources used worldwide) and Canada (large-scale uranium 
mining). 
 
Finally, the absence of clearance thresholds in France (for waste which contains or which is liable 
to contain only very small quantities of radioactive elements) is specific to this country. Such 
thresholds exist in the other countries studied, but vary considerably both in terms of the 
threshold itself and the scope of waste considered; the VLLW category therefore rarely exists in 
its own right and does not correspond to the same waste as in France. 
 
 

1.2.2 Waste classification adopted by IAEA 

 
In late 2009, IAEA published a wide-ranging revision of the radioactive wastes classification 
which dated from 1994 (IAEA, 2009). It is used by the member countries for an international 
presentation of their radioactive waste management and their inventories, such as for example in 
IAEA’s NEWMDB database; the European Union refers to it in the 19th July 2011 directive on 
the responsible and safe management of waste and spent fuels.  
 
This revision was felt to be necessary because the classification system previously defined by 
IAEA was not completely exhaustive: it did not cover all types of radioactive waste, nor did it 
provide a direct link with the disposal and management options for all types of radioactive wastes. 
These aspects of the former classification proved to be obstacles to its utilisation and its 
application. 
 
The new 2009 classification system introduces a new category of waste - VLLW (Very Low Level 
Waste) and uses the LLW (Low Level Waste), ILW (Intermediate Level Waste) and HLW (High 
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Level Waste) classes. These classes take account of both the level of radioactivity and the half-life 
of the radionuclides contained in the waste. 
 
In it, the wastes are classified according to the degree of confinement and isolation required to 
guarantee long-term safety, based on their nature and the risk they represent. This waste 
classification allows an incremental approach to obtaining the required level of safety, because it is 
based as much on practices as on the characteristics of the sources, the levels of exposure to 
which they lead and their occurrence. 

2 MANAGEMENT ROUTES THAT EXIST OR ARE UNDER CONSTRUCTION 

2.1 Choice of the type of fuel cycle 

The decision to reprocess spent fuels was taken in various countries in the 1950s for military 
purposes and at the end of the 1970s for civil uses. A certain number of countries today have 
facilities:  

- for the complete processing of fuels, as in France, the United Kingdom and Japan (for 
which industrial start-up has however not yet been declared and which could be 
postponed indefinitely); 

- for reprocessing of fission products in the United States as part of the clean-out of 
former sites such as Hanford, or for separation in Russia to retrieve reusable materials 
from spent fuels; 

- for research as in China, which also opted for a closed fuel cycle, but which is developing 
test facility projects, notably with the help of France, and in India which is building a pilot 
plant for the vitrification of fission products. 

 
Several other countries which do not have dedicated facilities on their own territory had or 
indeed still have all or part of their spent fuels reprocessed in plants abroad, mainly in the United 
Kingdom and France, this particularly being the case with Germany, the Netherlands, 
Switzerland and, to a far lesser extent, Spain. Some of the Eastern European nations also do the 
same in Russia. Some of these countries have however decided to put an end to reprocessing 
abroad at some time in the near or not so near future: Germany and Switzerland in particular 
have made a legislative commitment to this and Belgium has for the time being suspended its 
waste reprocessing contract with the La Hague plant.  
 
For the time being, South Korea has not made a final decision concerning the reprocessing of its 
light water reactor fuels, which are currently stored on the production sites. 
 
The other option currently being used is to directly manage the spent fuels without any 
separation or reprocessing phase. This is used in Canada, Finland and Sweden. This has also been 
the case in Spain and the United States since the implementation of non-proliferation 
arrangements in the 1980s (under President Carter). 
 

2.2 Decommissioning activities  

The countries which have operated nuclear power generating, research or fuel cycle facilities for 
half a century have initiated major decommissioning programmes for the older facilities, along 
with post-operational clean-out of the sites. In recent decades, the United States has been 
carrying out a programme concerning 108 sites covering a total surface area of 800,000 ha. In 
2005, the United Kingdom created the Nuclear Decommissioning Authority for eventual 
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decommissioning of all existing nuclear facilities. Decommissioning generates a considerable 
volume of waste, mainly VLLW waste but also LLW/ILW waste. Its management requires 
rigorous technical planning and available financing. 
 

2.3 Management of LLW/ILW waste and LLW-LL waste 

In several countries, surface or sub-surface disposal centres for LLW/ILW waste are already in 
operation. They were created to accompany the production of energy of nuclear origin: in China, 
the Beilong and Diwopu disposal centres, in Spain that at El Cabril, in the United States the 
centres in Barnwell, Richland, Clive and Andrews, in Finland those of Olkiluoto and Loviisa 
excavated into the granite at a depth of 60-100 m, in Japan that of Rokkasho-Mura, in the United 
Kingdom that of Drigg opened in 1959 (about 1,000,000 m3 are emplaced in it in trenches and on 
platforms), and in Sweden the SFR centre in Forsmark located 50 metres under the Baltic Sea.  
 
Others are under construction or design in specific locations and the projects differ widely, in 
terms of the type of site chosen, the design of the disposal centre and its depth. These factors 
ultimately determine the type of waste that can be disposed of (particularly with regard to the 
lifetime). Thus, in Belgium, the Dessel disposal centre, which was to enter service in 2016, will in 
fact only accept short-lived LLW/ILW waste. Among the other projects currently under 
construction or planned, we should mention the geological disposal facilities planned for about 
2017 in Kincardine, Canada at a depth of 700m near the Bruce reactor (Ontario) and in 
Germany, as of 2014, for LLW/ILW in the old Konrad iron mine in Salzgitter, at a depth of 
about 1000 m.  
 
However, several countries have not completed or defined their LLW/ILW waste disposal 
project, such as Switzerland and the Netherlands, but also Italy, which has undertaken the 
disposal of the waste from its shutdown facilities. Others are closing old sites and reconsidering 
new locations, such as in Germany for the Asse and Morsleben sites or in the United Kingdom 
for the Dounray site, on which the construction of a storage facility is being envisaged. 
 
More specifically with respect to LLW-LL waste, current management abroad consists primarily 
in storing it on the production sites. Long-term management routes have yet to be defined. The 
volumes concerned are particularly high in Belgium: radium waste comes from the reprocessing 
of 50% of the radium sources used worldwide and is currently stored on the Olen site. In Spain, 
graphite waste from the gas-cooled reactors is currently being stored on a reactor 
decommissioning site. Neither is there any formal plan in Switzerland, the United Kingdom, 
Japan, the United States, Russia and Ukraine, which all possess graphite type waste. 
 

2.4 Management of HLW waste  

Most countries are moving towards deep geological disposal, but they are all at widely differing 
stages in the site selection and centre construction process. 
 
Finland and Sweden have already selected their (first) sites, in Olkiluoto and Osthammar 
(location of the Forsmark NPP) respectively and are initiating the building permit application 
phase. The commissioning of these centres is scheduled for between 2020 and 2025. In Finland, 
excavation of the Onkalo underground laboratory to characterise a granite environment for 
construction of the repository reached the reference depth of 420 m in the summer of 2010. 
Several in-situ tests are underway in Onkalo in order to examine various local characteristics of 
the massif. They include studies of the hydrological properties, retention, the mechanical 
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behaviour of the rock and geochemical transformations. Testing of a confinement and 
installation materials manufacturing pilot in Onkalo has started. In Sweden, the site was selected 
in June 2009, following several years of detailed studies and investigations and a large-scale 
experimentation programme in the Aspö laboratory (near the Oskarshamn site which was not 
selected). The building permit application for a geological disposal facility for spent fuels was 
submitted in March 2011. If authorised, the fuels disposal facility will be built at a depth of about 
500 m, in granite rock. Its construction should begin in 2015 and continue until the early 2020s.  
 
In the United States, after choosing the Yucca Mountain site in 2002, the US-DOE (OCRWM) 
submitted a disposal facility building permit application in June 2008. The file was considered to 
be correct and its examination was accepted by the safety regulatory body (NRC). However, the 
Obama administration decided that “Yucca Mountain was not a feasible option for the long-term 
disposal of spent fuels”. Since 2009, there has been no funding for the disposal facility 
preparation phase and examination of the creation authorisation application has been suspended.  
 
The "Blue Ribbon" commission, created in January 2010 to examine all the possible strategic 
options concerning the management of spent fuels and high-level radioactive waste, submitted its 
final report in January 2012. It reaffirms that the reference solution must be geological disposal 
and in particular recommends setting up an organisation in charge of the disposal of radioactive 
waste and a siting process based on acceptance. The report takes account of the opinions and 
comments of the public, obtained during meetings in October 2011. 
 
Although the site has not yet been chosen, various milestones for the near or more distant future 
have been set in certain countries. Japan has launched a vitrified waste disposal site selection 
process, which should enter service in about 2035; however the process has been blocked in 
phase 1 since July 2007 owing to the absence of candidates; a new information campaign was 
initiated in 2009 in preparation for the launch of a new call for candidates system. Germany and 
China have set targets for initial operation of the geological disposal centre at 2030 and 2040 
respectively. After the 2010 expiry of the moratorium concerning the Gorleben disposal facility, 
underground exploration work on the salt dome has resumed. At the same time, a preliminary 
safety analysis is being carried out on this formation. The results should be published in 2012. 
The conformity of Gorleben with the most recent international safety standards will be examined 
by an international group of experts in 2013.  
  
Other countries have chosen to focus on research into geological disposal and in particular to 
postpone the site selection process. For example, no date has been set in Belgium or Canada (in 
both countries a gradual process involving the stakeholders has been set up). In the United 
Kingdom, the Government asked the NDA (Nuclear Decommissioning Authority) to study the 
possibility of speeding up the geological disposal facility construction programme, to allow 
operation of this facility as of 2029 (instead of 2040 as initially planned). Similarly, the 
Netherlands have built a long-term (about a century) storage facility, during which time geological 
disposal is to be studied. In Spain, the construction of a disposal facility for spent fuel, high-level 
waste and intermediate level waste which cannot be disposed of in El Cabril, is scheduled for 
start-up in about 2050. The site of Villar de Cañas (situated in Cuenca province about 130 km 
south-east of Madrid) was however chosen in 2011 to house the future spent fuel and high-level 
waste storage centre. The radioactive waste management policy should be clarified in the 
forthcoming seventh general radioactive waste plan. 

3 RESEARCH TO SUPPORT GEOLOGICAL DISPOSAL 

In most countries, the reference solution for managing high-level waste and intermediate level, 
long-lived waste, is deep geological disposal. In the recent 2011 directive, the European Council 
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reaffirmed this: “deep geological disposal is currently the safest and most sustainable solution as 
the final step in the management of high level waste and spent fuel considered to be waste”. The 
host rock chosen varies according to its confinement properties and the geological possibilities of 
the countries concerned.  
 
However, no country has yet issued a formal authorisation for disposal of this waste, including 
spent fuels, except for the United States with regard to waste of military origin. Most countries 
are experiencing significant delays in the development of their disposal programmes, owing to 
attempts to identify sites on primarily scientific and technical bases, without sufficient local 
consultation. Those who learned the lessons of this failure and who have restarted the process 
from the beginning, with prior debate and consultation, are now the furthest advanced.  
 
In certain cases, scientific and technical feasibility can today be considered as proven and those 
few countries which have reached the most advanced stage are now in the final site qualification 
and concepts and engineering optimisation phase. 
 

3.1 The organisation of research 

With regard to research programmes concerning radioactive waste for which there is currently no 
industrial route, the most common option is to entrust oversight to the organisation responsible 
for management, whether private or public: SKB in Sweden, POSIVA in Finland, ENRESA in 
Spain or ONDRAF in Belgium. 
 
This configuration nonetheless implies specific technical support, similar to that which Andra 
received from research organisations such as CEA: POSIVA with VTT, NAGRA with PSI, 
ENRESA with CIEMAT, ONDRAF with CEN-SCK. 
 
Nonetheless, for historical reasons, R&D may sometimes be run by another organisation, which 
involves the future waste management operator and other research organisations. 
 
A typical case is that of Germany, where there is considerable involvement by GRS (a research 
organisation which reports to the waste manager BfS) and the BGR, a German public research 
institute specialising in earth sciences and natural resources, specifically for geological disposal of 
exothermic waste. DBE (German company for the construction and operation of waste disposal 
facilities) has an exclusive contract with BfS for the construction, operation and monitoring of 
disposal sites. 
 
Another special case is that of Japan, although the situation has become simpler since the 
merging of the two public research organisations, JNC and JAERI, into JAEA. In addition to 
JAEA is CRIEPI, financed by the electrical utilities and RWMC, financed by METI. 
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3.2 The underground laboratory – a possible precursor to the disposal project 

For R&D into geological disposal (SF or HLW and ILW-LL waste), the various configurations 
of the waste management organisation in the various countries considered leads to considerable 
differences in the status of the underground research laboratory, whether in terms of ownership 
or objective (methodology1 or qualification of the site and the host rock). 
 
In Sweden, the Hard Rock Laboratory at Äspö is the property of SKB (methodology and 
qualification of the granite). Since 1995, it has been carrying out research on its KBS3 concept 
(vertical vaults and copper container) under three-yearly R&D programmes approved by the 
Government. Since 2000, proof of concept demonstrators have been operational. Their aim 
is to acquire expertise in the construction and operation of a deep geological repository, for 
which authorisation was requested in 2011 concerning the Forsmark site in Östhammar. 
 
In Finland, POSIVA is excavating a qualification laboratory in the granite at Onkalo on the 
actual site of the future disposal facility. Excavation reached its nominal depth of 455 m in 
February 2012. The research covers subjects such as geological surveys, instrumented drilling, 
characterisation niches and mechanical studies of the crystalline massif. 
 
In Belgium, the objective of the Hades research laboratory, situated at a depth of 230 m, is 
methodological and it is used for qualification of the Boom clay. It is now managed by an IEG 
of ONDRAF and CEN/SCK, the Belgian counterpart of CEA. This laboratory is demonstrating 
the possibility of building a geological repository consisting of a network of drifts, with limited 
disturbances within the host clay formation. 
 
Switzerland with two laboratories of widely differing status: 
- GTS (GRIMSEL Test Site), a granite environment methodology laboratory made 

available to NAGRA using drifts belonging to the electrical utilities; current research 
concerns the instrumentation and monitoring of the structures. However the Spanish 
proof of concept demonstrator for spent fuel disposal in drifts, called FEBEX and set up 
by ENRESA in 1997, is still active. 

- Mont Terri, an international consortium initiated in 1996 by NAGRA and Andra and 
now run by a Swiss federal authority. The laboratory’s objectives are methodological. It 
enables Nagra to qualify the clay in Opalinus (potential host rock). 

 
At Mont Terri, about a hundred experiments have been carried out on different scales since 
the beginning of the research programme in 1996 and more than about forty were still on-
going in 2012. In a clayey material that had hitherto been little studied, rock characterisation 
methods were established. Thus, with regard to safety, the diffusion of radionuclides in clay 
was measured and the water contained in the rock was collected. Andra’s close involvement in 
the Mont Terri projects and experiments enabled it to prepare for the experiments in the 
Meuse/Haute-Marne underground laboratory. 
 
In Japan, JAEA is building two underground laboratories, with purely methodological objectives. 
In the Mizunami laboratory (crystalline rock), a depth of 460 m, out of the planned 1,000 m, was 
reached in 2011. Studies concerning hydrology and rock mechanics are on-going. In the 
Horonobe laboratory (sedimentary rock), hydrological tests and hydrochemical measurements are 
continuing. A depth of 250 m, out of the planned 500 m, was reached in 2011. 
 

                                                 
1 In other words a laboratory designed to develop “in situ” characterisation techniques, but for which its status and 
geological environment exclude it from a possible geological siting sector. 
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In Germany, following the experiments which took place in the 1990s in the former salt mine at 
Asse (for which the initial work dates back to the early 1970s), the Gorleben salt dome intended 
for disposal of high level radioactive waste is currently the subject of reconnaissance and survey 
work. This phase should last for seven years, according to the German federal office of 
radiological protection (BfS) which is responsible for the site.  
 
In the United States, after about twenty years of research and characterisation work performed on 
the Yucca Mountain site in the State of Nevada, the DOE in June 2008 submitted an 
authorisation application for disposal of spent fuels in volcanic rock at Yucca Mountain. As 
mentioned earlier, this approach was queried by the State, which undertook to redefine the 
disposal strategy for radioactive waste and spent fuels.  

3.3 Coordinated research in Europe 

Technological research and development work developed under the EU’s R&D Framework 
Programme (FP) focuses on: 

- the management and safety of geological disposal of High and Intermediate Level, Long 
lived waste (HLW/ILW-LL); 

- the European dimension of its management and disposal; 
- the development of processes enabling their quantity and harmfulness to be reduced (e.g.: 

separation, transmutation, etc.).  
 

3.3.1 Projects in progress 

 
The following table presents the various projects and research programmes in progress within the 
framework of Euratom, the scope of which concerns developments in radioactive waste 
management. 
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Project  Subject Period Leader 

ReCoSy 
Study of Redox phenomena and 
their influence on the retention and 

transport of radionuclides 

7th FP  

2008-2012 
FZK 
(D) 

CARBO-
WASTE 

Reprocessing and disposal of 
irradiated graphite and other 

carbon waste 

7th FP  

2008-2012 
FZH 
(D) 

PETRUS 
II 

Coordination of teaching and 
training at the European level 

7th FP  

2009-2011 
INPL 
(F) 

MODERN 
Development and implementation 
of disposal facility control and 

monitoring techniques  

7th FP  

2009-2013 
Andra 
(F) 

FORGE 
Assessment of the impact of gases 
in radioactive waste disposal 

facilities 

7th FP  

2009-2013 
NERC 
(UK) 

IGDTP 

Technological Platform (following 
on from CARD) aiming to 

coordinate resources and actions in 
the field of geological disposal 

facilities 

7th FP  

2009-2012 
SKB 
(S) 

CATCLAY 
Study of cation migration processes 

in clayey rocks 
7th FP  

2010-2014 
CEA 
(F) 

PEBS 
Long-term performance of 
engineered barrier systems 

7th FP  

2010-2014 
BGR 
(D) 

SKIN 
Very slow kinetic process in fluid-

rock interactions  
7th FP  

2011 - 2015 
EM-Nantes 

(F) 

LUCOEX 
Experiments in 3 underground 

laboratories to test and confirm the 
conceptual choices made. 

7th FP  

2011 - 2015 
SKB 
(S) 

FIRST 
Nuclides 

Acquisition of data on the IRF 
(labile fraction of the source term) 
for high burnup fraction UOX 
fuels, in particular to reduce the 

uncertainties associated with certain 
radionuclides of interest (I129, Se79, 

Cs135, C14) 

7th FP  

2012-2015 

KIT 
(D) 

IGDTP-2 

Technological Platform aiming to 
coordinate resources and actions in 
the field of geological disposal 

facility projects 

7th FP  

2012-2015 
Andra 
(F) 

DOPAS 
Full scale demonstration of the 
construction and performance of 

seal structures 

7th FP  

2012-2015 
Posiva 
(Fin) 

OFSeSa 
Novel and Reliable Optical Fibre 
Sensor Systems for Future Security 
and Safety Applications 

COST Action 2 
2010-2014 

36 European Member 
States 

 
Projects and research in progress concerning radioactive waste management within the Euratom framework 

 

                                                 
2 http://www.enseignementsup-recherche.gouv.fr/cid55959/le-programme-europeen-cost.html 
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3.3.2 IGD-TP - Implementing Geological Disposal of Radioactive Waste Technology 
Platform 

 
The IGD-TP technology platform was set up in 2009 with the aim of better targeting research, 
development and demonstration (RD&D) programmes and ensuring improved research between 
Member States. The IGD-TP platform is therefore run by the organisations responsible for 
geological disposal projects in the European countries, but also involves research organisations, 
design offices, technical support organisations for the safety regulators and all players interested 
or involved in research programmes. Its role is to boost confidence in the safety and 
implementation of radioactive waste disposal solutions in deep geological formations. IGD-TP is 
not only of use for the construction of the first facilities, but also for waste management 
programmes with tight schedules. Most of the nuclearised countries have developed radioactive 
waste management programmes, but their progress and their implementation schedules are 
different.  
 
According to the IGD-TP, Europe will in 2025 have its first geological disposal facilities for 
spent fuels and highly radioactive long-lived waste, offering safe, long-term management. 
 
The engagement by the platform members consists in: 

- reinforcing confidence in the safety of geological disposal solutions among Europe’s 
citizens and decision-makers, 

- encouraging the drafting of waste management programmes which include geological 
disposal as the accepted reference option to ensure the long-term management of high 
level and intermediate level, long-lived waste, 

- facilitating access to expertise and technology to maintain skills in the field of geological 
disposal, for the benefit of all Member States. 

 
In 2011, IGD-TP published a programme called the “Strategic Research Agenda”, which defines 
the research (RD&D) priorities, with a view to obtaining authorisation for construction of the 
disposal facilities. Implementation of this programme makes provision for funding included in 
the 7th Framework Programme for technological R&D – 7th FP. 
 
The main subjects of the IGD-TP concern: 

- the safety study; 
- packaging and behaviour of waste; 
- technical feasibility and long-term performance of disposal facility components; 
- disposal facility development strategy; 
- the safety of disposal facility construction and operation; 
- measurements and monitoring; 
- governance and involvement by the stakeholders. 

 
Several cross-cutting subjects are dealt with concerning dialogue with the safety regulator, 
individual skills, knowledge management and subjects relating to communication and 
information. In addition, dozens of questions will be studied, ranging from disposal facility 
oversight to performance assessment methods. All of the subjects selected will be combined in 
programmes, the objectives of which will be attached to “’Horizon 2020” established jointly with 
the 8th European Framework Programme. 
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3.4 OECD-NEA 

 
The role of the Nuclear Energy Agency (NEA) is not to run research programmes but rather to 
bring together players from the various countries to deal with subjects that need to be shared 
between countries.  
 
The Radioactive Waste Management Committee (RWMC) assists the member countries with 
management of radioactive substances and waste, more specifically with regard to developing 
strategies to guarantee the safe, sustainable and generally acceptable management of all types of 
radioactive waste, in particular long-lived waste and spent fuel, along with the decommissioning 
of end-of-life nuclear facilities. 
 
The RWMC’s main tasks are: 

- to create a forum for the exchange of information and experience on waste management 
policies and practices in the NEA member countries; 

- to develop a common understanding of the fundamental questions involved and to 
promote the adoption of common philosophies based on the various possible waste 
management strategies and their alternatives; 

- to monitor changes in the technical and scientific state of the art in the management of 
radioactive materials and waste; 

- to contribute to the dissemination of information in this field through the organisation of 
meetings of specialists and the publication of technical reports and joint opinions 
summarising the results of joint activities on behalf of the international scientific 
community, the competent national authorities and other audiences interested by the 
field; 

- to provide a framework for on-demand performance of an international peer review of 
the activities of a country in the field of radioactive waste management, such as R&D 
programmes, safety assessments, specific regulations, etc. 
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Appendix 3: Analysis of the compatibility between storage capacity and 
anticipated radioactive waste volumes  

 
The storage capacity available for packaged waste is located on the production sites (mainly La 
Hague, Marcoule and Cadarache for HLW and ILW-LL waste). Each storage facility generally 
accepts one or more waste families. Certain capacity can be shared between the HLW and ILW-
LL, ILW-LL and LLW-LL or even ILW-LL and LLW/ILW-SL routes.  
 
Storage of packages of vitrified HLW/ILW-LL waste in La Hague  
 
The standard packages of vitrified waste (CSD-V and CSD-B packages) produced in the R7 and 
T7 units of the UP2-800 and UP3 spent fuel reprocessing plants at La Hague, are placed in the 
warehouses adjoining these facilities and then in the Glass storage Extension – South-East (E-
EV-SE), once their thermal power drops below 2,000 watts. The R7 and T7 units entered service 
in 1989 and 1992 respectively, for an anticipated operating lifetime of 50 years. The E-EV-SE 
storage facility has been operational since 1996, for an anticipated operating lifetime of 70 years. 
 
The three storage facilities: R7, T7 and E-EV-SE, have a combined capacity of 12,420 packages, 
which will become saturated in about 2013. In 2006, AREVA undertook the study and 
construction of an extension to the E-EV-SE (called E-EV-LH) for which service entry is 
scheduled in 2013 and which will be able to store about 8,420 additional packages. 
  
In late 2010, 10,943 CSD-V and CSD-B packages were stored in the three facilities, including 640 
CSD-V packages stored in the E-EV-SE, pending shipment to the facilities of AREVA’s foreign 
customers.  
 
In 2015, the combined production of French vitrified waste will reach a volume of 2,560 m3. The 
annual production of vitrified waste packages will be about 800 packages (140 m3) until 2027 and 
will rise to 1,180 packages (210 m3) by about 2030, with the start of dilution reprocessing in UOX 
and URE fuels of the 2,900 tHM3 of MOX fuels which will have been accumulated by that date.  
 
Other similar capacity will be required as of 2017 and a new extension of the E-EV-SE is in 
particular being envisaged (see chapter 3.3.3.2). Production will last until vitrification of the 
rinsing effluents which will be generated after final closure of the UP2-800 and UP3 units, 
planned for 2040.  
 
 
Storage of compacted structural waste at La Hague 
 
Since 2002, fuel assembly structural waste (hulls and end-pieces) from the R1 and T1 shearing 
units in the UP2-800 and UP3 plants have been compacted with metal technological waste in the 
Hulls and End-pieces Compaction Facility (ACC) which produces CSD-C standard compacted 
waste packages (ILW-LL route). Plans are for the production of CSD-C packages to continue 
beyond 2040 in support of decommissioning of the UP2-800 and UP3 plants. 
 
On the La Hague site, the CSD-C packages are placed in the compacted hulls storage facility 
(ECC), which has a capacity of 20,800 packages and which entered service in 2002 at the same 

                                                 
3 Ton heavy metal (tHM): this is the quantity, expressed in metric tons, of the uranium and plutonium contained in 
the fuel before burnup. 
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time as the ACC, with an anticipated operating lifetime of 50 years. The packages produced in 
accordance with contracts with third-party countries are also stored in the ECC. 
 
In 2015, the cumulative production of packages of the French share of compacted structural and 
technological waste will reach a volume of about 2,300 m3 and in 2020 a volume of about 
3,100 m3. The ECC has a capacity of 20,800 packages, or about 3,800 m3 which, given this time-
frame, will be sufficient to take both the French and foreign shares of the CSD-C packages. Its 
design is modular, with land in reserve which would allow construction of up to six modules 
equivalent to the existing module, if necessary. An extension could be necessary during the 
period 2020-2025. The extension of the ECC facility will need to be studied in the light of the 
volumes of CSD-C produced by reprocessing of UOX, MOX and URE, as well as the date of 
disposal of the packages.  
 
 
Storage of packages of alpha contaminated sludges and metal and organic technological 
waste in La Hague  
 
The STE3 effluent treatment station has since 1989 been treating liquid effluents from the La 
Hague plants. Sludges are encapsulated in bitumen and placed in stainless steel drums of 
238 litres. As at the end of 2010, 11,278 packages of this type had been produced (or about 
2,500 m3). They are stored in halls with a capacity of 20,000 packages (about 4,500 m3) in building 
S of the STE3 station, which entered service in 1987 and is expected to operate until 2040.  
 
Until 2020, the STE3 station will be used to package the first part of the rinsing effluents 
resulting from decommissioning of the UP2-400 plant. The STE3 station has also started the 
bituminisation of the sludges produced from 1966 to 1991 by the STE2 station in the UP2-400 
plant, but production was banned in 2008 and AREVA is studying alternative packaging 
solutions.  
 
AREVA is also examining the definition of a packaging method for alpha technological waste 
(mainly contaminated by plutonium) from the La Hague and MELOX plants. The production of 
these waste packages is scheduled to continue until decommissioning of the plants, after 2040. 
 
The Removal from Storage and Bitumen Drums Storage Extension units (D/E EB), built in 
1995, have the capacity (about 11,200 m3) to take the above-mentioned packages, for which the 
estimated volume in 2030 is 9,500 m3. Depending on the quantities of packages actually 
produced, a rearrangement of these storage facilities may prove necessary by about 2017 in order 
to be able to accept all the alpha technological waste. 
 
The alpha sludges and technological waste packaged at La Hague will not therefore generate any 
requirement for additional storage capacity before 2030. However, the alpha waste packages 
should probably be stored for longer, to allow a decrease in their production of hydrogen 
through radiolysis. 
 



191 

Storage of packages of solid operating waste, powder waste and cemented hulls and end-
pieces in La Hague  
 
Since 1990, solid waste: gloves, suits, tools, standard operating and maintenance parts in the UP2-
800, UP3 plants or from decommissioning of the UP2-400 plant, have been cement-encapsulated 
in the AD2 unit, originally in asbestos cement containers (CAC) and, since 1994, in fibre-
reinforced concrete containers (CBF-C2). These packages are placed in the solid waste storage 
facilities: EDS/ADT2 and EDS/EDT - EDC (storage of technological waste and storage of 
hulls); they are linked to the ILW-LL and LLW/ILW-SL routes. The traffic of LLW/ILW-SL 
packages passing through these facilities occupies a variable volume of a few hundred cubic 
metres. The EDS/EDC facility is also used to store stainless steel drums containing cement-
encapsulated hulls and end-pieces (ILW-LL) produced until 1995. In the future, it will also be 
used to store ECE stainless steel drums containing cement-encapsulated powder waste: resulting 
from the purification and filtration of pool water and fines from the dissolution or cladding 
removal of spent fuels from the gas-cooled reactors which are awaiting packaging in the facilities 
of the UP2-400 plant undergoing decommissioning.  
 
The total capacity of the solid waste storage facilities is 14,330 m3. They are scheduled to operate 
until 2040. This capacity appears adequate to take the anticipated production within this time 
frame, which will see the volume of ILW-LL packages rise from 9,012 m3 in 2009, to about 
11,100 m3 in 2030.  
 
 
Storage of packages of vitrified HLW/ILW-LL waste in Marcoule  
 
The Marcoule vitrification unit (AVM) has a storage facility. Vitrified waste packages: fission 
products and minor actinides from past production (HLW route) and rinsing effluents from the 
circuits in the UP1 plant which has been finally shut down (ILW-LL route) are stored in it along 
with operating technological waste from the AVM (ILW-LL route) to which could be added a 
very small number of vitrified waste packages (about five packages, or about 1 m3) produced in 
the Atalante laboratories.  
 

The capacity4 of the AVM warehouse (665 m3) should be sufficient to take all planned 
production at Marcoule. 

 
A shipment interface to the stored packages disposal centre will need to be developed by CEA. 
CEA will identify the technical options and conduct an initial analysis of the transport methods, 
together with Andra, more specifically in order to present storage-transport-disposal scenarios to 
the public debate on the Cigéo disposal centre project planned for 2013. 
 
The pilot vitrification unit in Marcoule, PIVER, has produced a small quantity of vitrified waste 
packages (HLW route) with a total volume of 17 m3 and which is currently stored in building 213, 
specially outfitted in the Marcoule pilot unit (APM) which entered service in 1969 and for which 
an operating life extension is currently being examined.  
 
The periodic safety reviews, supplemented by the stress tests, showed the need to look at the 
lifetime of the storage facilities for this type of waste, on the basis of the filling time-lines for the 
Cigéo disposal facility project. 

                                                 
4  The indicated capacity corresponds to the unit volume of 175 litres per container considered in the 2012 
edition of the National Inventory. 
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Storage of packages of bituminised sludges and solid waste on the Marcoule site  
 
Since 1966, the Marcoule liquid effluents treatment station, STEL, has produced packages of 
sludge encapsulated in bitumen and then placed in 230 litre steel drums. From 1966 to 1996, the 
drums made of non-alloy steel, were stored in 35 pits in the site’s North zone (about 6,000 
drums) and then in bunkers numbered from 1 to 13 in the South zone (about 54,000 drums, to 
which should be added the 2,200 drums produced since 1996 and stored in bunker 14). 
 
Steps are under way to retrieve and repackage these legacy drums. From 2000 to 2006, all the 
drums in the North zone pits, most of which were classified LLW-LL, were removed, inspected 
and placed in 380 litre stainless steel over-packs. Retrieval is continuing with the legacy drums 
from bunkers 1 to 2 in the South zone. At the same time, in response to the requests from 
ASND, retrieval is in progress for the drums of salting out product (LLW/ILW-SL type 
encapsulation process drums, mixed with bitumen encapsulation drums in bunkers 1 to 10) 
which are considered to represent most of the mobilisable source term. 
 
At present the Marcoule STEL is continuing to produce packages of bituminised sludges. Since 
1996, packaging has been in 230 litre stainless steel drums. These packages, which correspond to 
the LLW/ILW-SL and ILW-LL routes, are stored in bunker 14 which entered service in 1994 
with a capacity of about 1,200 m3. Shutdown of the encapsulation unit is scheduled for 2014.  
 
Retrieval and packaging of the following waste is being envisaged for the 2017-2020 time-frame: 

- non-magnesium metal structural waste from fuels reprocessed in the UP1 plant and 
structural waste from the PHENIX fast neutron reactor; 

- powder waste, filters, graphite powder from cladding removal from gas-cooled 
reactor fuels, settling sludges and solid metal and partially organic operating and 
maintenance waste from the units or from decommissioning, with beta-gamma 
spectrum; 

- magnesium structural waste from gas-cooled reactor fuels.  
 
The sludges produced by the treatment of liquid effluents in the STEL are encapsulated in a 
cement matrix, which will replace bituminisation in 2015 (STEMA project). The waste packages 
produced (380 litre drums) most of which will be of the LLW/ILW-SL type, will be packaged in 
the centre before being shipped to the LLW/ILW waste disposal facility. Any ILW-LL packages 
will be managed in the same way as the packages resulting from treatment of powder waste. 
 
A multipurpose interim storage facility (EIP) entered service in 2000 for the storage of packages 
in 380 litre drums (called EIP drums). Its design is modular and it currently consists of two 
vaults5. The operating lifetime as currently planned is 50 years.  
 
The packages at present stored in the EIP are drums of bituminised sludges produced by the 
STEL before 1996, retrieved from the North zone pits and bunkers 1 and 2 and repackaged in 
380 litre drums. They represent a volume6 of 2,660 m3 (about 8,000 packages).  
 

                                                 
5  Its extension up to 16 vaults could be envisaged, to raise the total capacity to 33,880 m3. 
6  The capacities and volumes are here expressed for a unit volume of 380 litres considered for an EIP drum 
in the National Inventory. Considering the overall external volume of this package (441 litres) would lead to greater 
capacities and volumes for the same number of packages. 
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The continued retrieval of the waste from the bunkers and its packaging in 380 litre drums will 
lead to saturation of the EIP’s current capacity by 2017, with a volume of 4,370 m3, or 11,500 
packages (linked to the ILW-LL and LLW-LL routes). The need to create additional storage 
capacity, in line with the operations to retrieve these legacy packages, is being examined by CEA. 
 
 
Storage of high-dose ILW-LL waste packages on the Marcoule site  
 
The retrieval and packaging operations for the legacy and decommissioning waste will generate 
high-dose ILW-LL waste packages for which there is no storage facility. For the Marcoule site, 
the volumes of this category of waste produced by decommissioning of the PHENIX reactor 
(the most activated waste) and by the retrieval of structural waste from fuels reprocessed in the 
Marcoule pilot unit (APM) are evaluated at about 250 m3. In order to meet this need, CEA has 
decided to create the DIADEM facility, which is scheduled to enter service in 2017, subject to its 
authorisation being granted (see §3.3.3.2) Furthermore, this new facility will be used to store 
high-dose waste from other CEA sites (Fontenay-aux-Roses, Saclay, Grenoble). 
 
Storage of low-dose ILW-LL waste packages on the Cadarache site 
 
Since 1970, the effluent treatment station (STE) of BNI 37 has been packaging the centre’s 
filtration sludges and evaporation concentrates by cement encapsulation in 225 litre metal 
containers, themselves placed in 500 litre concrete containers (with or without immobilisation). 
Occasionally, the concentrates were packaged in 700 litre drums, which were repackaged in 1,100 
litre non-alloy steel containers. 
 
The low-dose ILW-LL solid waste from operation or decommissioning, which came mainly from 
the Saclay, Fontenay-aux-Roses, Cadarache, Valduc and Grenoble sites, was packaged in the solid 
waste treatment station in BNI 37 (compactable waste) or ICPE 312 (non-compactable waste). 
The primary waste is packaged by compaction and/or immobilisation in 870 litre metal 
containers. As of 2013, this type of packaging will be used for alpha spectrum solid 
decommissioning waste from Marcoule. 
 
The inventory as at the end of 2011 is 5,014 packages of 870 L and 4,309 concrete containers of 
500 L. The forecast inventory for 2030 is for about 6,360 packages of 870 L and 4,870 concrete 
containers of 500 L. 
 
Until 2006, ILW-LL packages were placed for storage in BNI 56, which today is no longer 
accepting any new ILW-LL packages. In 2006, CEA commissioned the CEDRA radioactive 
waste storage facility at Cadarache, with two buildings (n° 374 and 375) each of which offers a 
capacity of 7,572 packages of low-dose ILW-LL waste packages. CEA has initiated transfer of 
low-dose ILW-LL packages from BNI 56 to CEDRA. As at 31st December 2011, 737 packages 
had been shipped to CEDRA 
 
As at the end of 2011, 1,369 low dose packages of 870 litres and 47 low dose packages of 500 
litres were present in CEDRA. The current storage capacity of 7,572 packages of low dose ILW-
LL waste packages will not be enough to manage all the packages to be retrieved from BNI 56 
and that will be produced in the CEA centres. The total number of low dose ILW-LL packages 
estimated between now and 2030 is 11,230. CEA thus envisages raising CEDRA’s storage 
capacity for ILW-LL waste to 11,358 low dose packages, by building tranche 3. It should be 
noted that the filling ratio of the CEDRA facility depends to a large extent on the BNI 56 
retrieval programmes. 
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Storage of medium dose ILW-LL waste packages on the Cadarache site  
 
Solid operating or decommissioning waste from the various CEA sites and falling into the low 
dose ILW-LL category, has since 1970 been packaged in BNI 37 by compacting and then 
immobilisation in a steel container of 500 litres. Until 2006, the packages were placed in the 
storage pits in BNI 56. CEA has initiated transfer of some of these packages to CEDRA: at the 
end of 2011, CEA had removed from storage 183 recent packages produced under quality 
assurance from pit F6 in BNI I56 and transferred them to CEDRA. Retrieval of the recent 
stainless steel packages from pit F6 in late 2015 is one of CEA’s priority safety objectives. 
 
Since it entered service in 2006, the CEDRA facility has comprised building n°376, with a useful 
capacity of 1,400 packages, for storage in shafts of ILW-LL packages produced or removed from 
storage in BNI 56.  
 
As at the end of 2011, the total number of medium dose ILW-LL waste packages stored on the 
Cadarache site stood at 1,173. It will reach 3,264 packages in 2030. The current capacity of 
CEDRA (1,400 packages) will not be enough to meet the need. CEA envisages increasing this 
capacity: after the construction of CEDRA tranche 3 by about 2023, it would be raised to 2,800 
packages; an additional tranche 4 would be able to raise the total capacity to 4,200 packages. 
 
 
Storage of other waste packages on the Cadarache site 
 
Packages of radium-bearing lead sulphates (resulting from treatment between 1958 and 1970 of 
uranothorianite ore), solid waste and filtration sludges and large-sized containers (1,800 or  
1,000 litres) and “source blocks” are currently stored in BNI 56. Production is now completed 
and represents a volume of about 1,275 m3.  
 
 
Storage of ILW-LL waste packages on the CEA Valduc site  
 
Packages of sludges and concentrates immobilised in 220 litre metal drums, produced in the past 
from 1984 to 1995 by the Valduc liquid effluents treatment station, are stored on the Valduc site. 
This waste is part of the ILW-LL route and will be stored in CEDRA pending the commissioning 
of the Cigéo disposal facility project. Transfer of these waste packages is in progress.  
 
Processing of recyclable materials produces effluents containing americium, plutonium and 
uranium which CEA plans to vitrify in about 2020. These ILW-LL packages will be stored on the 
Valduc site. In 2030 the total volume of packaged waste will reach about twenty m3. 
 
Storage of EDF activated waste packages on the site of the Bugey NPP  
 
The ICEDA facility, located on the Bugey site, authorised by decree 2010-402 of 23rd April 2010, 
is designed to take activated waste produced by the decommissioning of the EDF reactors at 
Creys-Malville, Brennilis, Chooz A, Bugey 1, Saint-Laurent-des-eaux A1 and A2 and Chinon A1, 
A2 and A3 as well as the internals removed from the NPP reactors in operation (control rods and 
poison rods). For short transit period (a few months prior to shipment to disposal centres) this 
facility should also accept metal and graphite waste resulting from the decommissioning of Bugey 
1 and intended for the LLW/ILW-SL and LLW-LL routes respectively.  
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Commissioning of this facility, envisaged for 2015, has been called into question by the 
6th January 2012 cancellation of the building permit by the administrative court.  
 
The hypothesis adopted by EDF is packaging in “C1PG” reinforced concrete containers for 
ILW-LL or LLW/ILW-SL activated waste.  
 
The ICEDA facility would consist of two storage halls with a unit capacity of 1,000 waste 
packages, or about 2,000 m3 of waste packages per hall.  
 
Storage of radium-bearing radioactive waste 
 
On its La Rochelle site, Rhodia stores different types of radioactive waste, resulting from the 
processing of monazite and then, as of 1994, from processing of rare earth concentrates. The site 
is authorised as an installation classified on environmental protection grounds. Rhodia possesses 
about 13,700 t of waste, in the following form: 

- radium-bearing waste, known as RRA (about 1850 Bq/g alpha and beta activity in 
2002): 160 t in la Rochelle, with most of the RRA being stored in Cadarache (5120 t); 

- general solid waste, or RSB (about 75 Bq/g): 8400 t in la Rochelle.  
 
This waste, classified as low level, long-lived, is part of the waste inventory intended for Andra’s 
radium-bearing waste disposal project. 
 
RRA waste is stored on the Cadarache site (ICPE 420 and 465) and RSB waste on the Rhodia 
site at la Rochelle, in a building (BAT. 135).  
 
Cézus on the Jarrie site stores radium-bearing waste resulting from the processing of zirconium. 
It is located in a dedicated building consisting of six vaults of 1,000 m² each equipped with 
retention pans, for a storage capacity of 4,500 t. The storage capacity should be able to cover the 
needs until 2020 (2015 if the waste is insolubilised beforehand). 
 
 
Storage of radioactive waste from the small producers 
 
For the management of radioactive waste from the small producers, Andra uses the storage 
capacity on the AREVA/SOCATRI and CEA (BNI 56) facilities in Cadarache and Saclay 
(BNI 72), or even on other sites for diffuse nuclear waste, most of which falls into the LLW-LL 
category. In the light of the planned use of these facilities by the licensees for their own 
requirements, or the scheduled decommissioning of some of them, Andra has opted for its own 
storage facility. 
 
In order 2012040-0002 of 9th February 2012, Andra was authorised to operate grouping and 
storage facilities for radioactive waste from the small producers in the VLL waste disposal centre. 
The storage facility, intended for waste for which the long-term management routes are currently 
under development, has a capacity of 6,000 m3 with Andra having collected about 700 m3 as at 
mid-2012. This facility entered service in 2012. It is more specifically accepts fire detectors, 
lightning arresters and other sources containing radioactive substances, waste from the clean-up 
of polluted soils (Operation Radium) and so on.  
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Storage of tritiated waste 
 
At present, most tritiated waste for which there is no disposal solution is generated by Defence 
activities. Most of this waste is stored on the Valduc site. The volume of waste stored in France 
represents about 4,600 m3. Some facilities will soon become saturated. New facilities are currently 
under construction. 
 
Solid tritiated waste from the small producers will be stored in the ITER tritiated waste storage 
facility, scheduled to enter service in 2024, subject to authorisation being granted.  
 
The tritiated waste storage capacity requirements are presented in part 3.1. 
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Appendix 4: Research aspects 

1 INTRODUCTION, PLAYERS AND THE MAIN MILESTONES CONCERNING 
RESEARCH CONDUCTED FOR THE PNGMDR 

 
The Act of 28th June 2006 gives the responsibility for research into separation-transmutation to 
CEA and research into reversible disposal of HLW/ILW-LL waste and storage to Andra. It 
organises the roles of the various research players in the field of radioactive waste management. 
At the same time, a certain number of R&D actions are performed by industry (EDF and 
AREVA), partly under agreements linking them to CEA or Andra. As necessary, all of these 
organisms draw on the pool of expertise available at the CNRS, which restructured its research in 
2011 around a new cross-cutting research programme called, Nuclear: energy, environment, 
waste, society (NEEDS), the Universities and other organisations, such as the BRGM or 
INERIS. Finally, one must mention IRSN, where research aims primarily to provide it with a 
satisfactory level of nuclear safety and radiation protection expertise enabling it to fully play its 
role of technical support for ASN and ASND.  
 
The PNGMDR, which has been in place since 2006, describes the management solutions 
developed for radioactive materials and waste and specifies a certain number of research strategy 
milestones over a period of three years. The National Review Board (CNE2) regularly assesses 
the research carried out in the field and in its recommendations proposes a number of 
orientations for the strategy to be implemented. It should be noted that the Board is in favour of 
a more international approach to a good part of the research performed by Andra, CEA and the 
CNRS. It particularly appreciated the importance given to this aspect during the hearings. 
 
To ensure that all these programmes are consistent, a Committee for the Monitoring of Research 
on the Cycle Back-End (COSRAC) was set up and is chaired alternately by the DGRI and the 
DGEC. COSRAC, a unique forum for debate among all research players, helps with defining a 
common research strategy in line with the 28th June 2006 Act. 
 
This document presents a summary of research carried out on the subjects covered in the 
previous PNGMDR and an outlook on research to be conducted in the coming three years. This 
document is not exhaustive in that certain long-term prospects can be carried out in parallel. 
 
It is worth reviewing the main milestones of the 28th June 2006 Act:  
 
No later than 31st December 2012: “Andra shall submit to the Ministers responsible for energy, 
research and the environment the dossier supporting the organisation of the public debate” 
which will be held before the authorisation application for the creation of a deep geological 
disposal site is submitted. 
No later than 31st December 2012: CEA shall submit to the Ministers responsible for energy, 
research and the environment a dossier reviewing research carried out on the subject of 
separation- transmutation. 
No later than 31st December 2014: “Andra shall submit the creation authorisation application” 
for a deep geological disposal site. 
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2 IMPROVING KNOWLEDGE AND WORKING UPSTREAM ON WASTE 
PACKAGING AND THE BEHAVIOUR OF THE PACKAGES  

The producer is responsible for the production of the waste package and must demonstrate its 
characteristics by producing a data file and an operational model describing the long-term 
behaviour of this package. At the request of the producers, CEA on the one hand performs a 
significant share of the R&D necessary for implementation of the processes and for improving 
the understanding of the characteristics of the packaged waste.  
 
The process to verify the ability of the packages to perform all the functions necessary for 
disposal is the responsibility of Andra, which has set up long-term behavioural study programmes 
for the various package families in the disposal environment. In order to carry out this R&D, 
Andra realised that it would need to set up dedicated structures such as the “Glass/Iron/Clay” 
Laboratories Grouping to study glass alteration and overpack corrosion and the “Evolution of 
cement structures” laboratory to study the long-term behaviour of concrete disposal packages. 
CEA and EDF take part in these two laboratory groupings.  
 
All those involved agree on the need to continue characterisation work on all waste concerned by 
disposal, in order to: 

- clarify the radiological inventories by developing or improving appropriate analytical and 
experimental resources; 

- evaluating the chemical inventories and the source terms of the chemical and gaseous 
compounds; 

- improving the characterisation of the behaviour of the waste in disposal conditions; 
- evaluating release kinetics for waste for which the source terms are currently considered 

to be too conservative or penalising (labile). 

  

2.1 Graphite waste: Management and processing scenarios 

The low specific activity of graphite waste leads to the study of a shallow depth disposal facility 
(less than 200 metres) but its long-lived radionuclides content, as currently estimated, does not 
enable surface disposal to be envisaged. In particular, the declared chlorine 36 activity in the 
graphite waste requires the use of a sufficient thickness of clay to limit the flow into the 
geological environment.  
 
One alternative could be offered by recent developments in graphite waste treatment processes. 
Some of these processes could make partial decontamination of the graphite possible in order to 
make its radiological inventory acceptable for shallow depth disposal (disposal under reworked 
cover, SCR). The radionuclides extracted would then require appropriate packaging and disposal. 
Provided that decontamination efficiency were sufficient, it would even be possible to envisage 
gasification of the decontaminated graphite in the form of carbon dioxide. A first series of heat 
treatment tests were performed by EDF jointly with the Studsvik company. The results obtained 
at this stage confirm the potential of heat treatment for removing the chlorine 36, tritium and 
some of the carbon 14 from the graphite.  
At the same time, work is under way to clarify the radiological inventories of graphite waste, in 
particular thanks to improvements in analytical techniques and to additional sampling from the 
reactor blocks. 
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Outlook 
One major avenue of the R&D programme will be devoted to heat treatment. This will involve 
on the one hand completing the pilot tests. On the other hand, a certain number of more 
exploratory tests will be performed, more specifically at CEA, in order to better understand the 
decontamination levels obtained and verify their validity on various samples. 
 
The management of treatment effluents and packaging of the resulting waste are essential 
development points, whichever treatment process is envisaged. The carbon residues resulting 
from the treatment could thus be cemented or compacted to form a matrix compliant with 
Andra’s disposal acceptance specifications. If not, separation of the radionuclides would be 
necessary, followed by dedicated treatment for each radionuclide (cement encapsulation, 
precipitation, etc.). These actions are formally laid out in special agreement between Andra, CEA 
and EDF. 

 

2.2  ILW-LL Waste 

2.3 Bituminised sludges 

Over and above studying the release of radionuclides, the studies on bituminised sludges 
concerned the production of dihydrogen by radiolysis, the chemical source term of waste 
(complexing or aggressive species) and the swelling of waste packages under water.  
 
The producers carried out R&D work leading to tools for calculating the production of radiolysis 
hydrogen. The challenges linked to the production of gas by radiolysis concern the design of a 
disposal package which must allow the gas to escape, and the risk of the explosive limits in the 
vault being exceeded if the ventilation were to stop for whatever reason. The production of 
dihydrogen by the bituminised sludge packages remains below 10 L/drum/year and recent 
estimates for the production of dihydrogen for the packages in the effluent treatment stations in 
La Hague (STE2 and STE3) give rates of less than 3 L/drum/year. The same conclusion applies 
for at least half the population of bitumens in the liquid effluent treatment station (STEL) in 
Marcoule (CEA). The work will continue on all the populations of bitumen encapsulated items 
produced in Marcoule.  
 
Swelling under water is the result of an osmotic process, the origin of which is the behaviour of 
the bitumen which acts as a semi-permeable membrane. This process could only occur at 
resaturation of the vault, in other words within a time-frame of between ten and a hundred 
thousand years. For this time-frame, the main risk identified is damage to the argilite around the 
disposal vaults. In order to assess the rock damage process resulting from this phenomenon, 
preliminary modelling of the mechanical consequences of the pressure levels exerted at swelling 
of the bitumens was carried out by Andra. To fine-tune these models and validate the associated 
results, experiments must be carried out specifically to acquire pressure/strain curves.  
 
Andra is currently carrying out studies to consolidate its understanding of complex near field 
phenomenological interactions of bitumen packages. An assessment will be provided in 
2013/2014, in order to gain an approximate understanding of the reactivity of the nitrates and the 
consequences of the plume of salts on the large-scale migration of radionuclides. Pending the 
results, the long-term safety assessment is carried out on the basis of conservative hypotheses 
designed to cover the uncertainties associated with these phenomena. With regard to the 
complexing species, the analysis of the inventories of TBP (tributylphosphate) will make it 



200 

possible to decide on the pertinence of setting up a special R&D programme lasting about two 
years.  
 

2.3.1 Technological waste containing organic matter rich in alpha emitters  

Technological waste rich in alpha emitters comes from fuel fabrication and processing 
facilities. The particularity of this waste is that it contains both metal and organic matter. 
Studies are required to determine to what extent, in a disposal situation, the radiolysis of the 
organic matter could lead to the production of gas such as dihydrogen and corrosive gases. 
The radiolysis and then hydrolysis of the organic materials will release complexing species 
which could complex actinides such as uranium and plutonium. The aim will be to complete 
the thermodynamic bases of the main expected complexes in order to verify their stability 
domain in geological conditions.  
 
In the field of radiolysis, R&D work has been performed by CEA and Areva and led to the 
development of a database and predictive models allowing quantification of the gas source 
terms of these packages. With regard to determining water-soluble degradation products 
(PDH), the work already under way will continue in the form of a joint Andra/producers 
R&D programme. The aim of this programme is to obtain data to quantify the conservative 
nature of the assessment of these PDH and their complexing capacity.  
 
All of this work does not however prejudge any significant rise in the mobility of actinide 
complexes within the Callovo-Oxfordian (COX) clays.  
 
At present, CEA packages this type of waste using compaction and cement encapsulation. Areva 
has a cement encapsulation packaging mode for some of the alpha contaminated technological 
waste. All of the waste produced cannot however be packaged using this mode. Areva has also 
studied a treatment-packaging process using compaction. The S5 package has the advantage of 
reducing the packaging volume for this type of waste. This packaging was the subject of 
quadripartite discussions (ASN, Andra, IRSN, AREVA). In 2009, AREVA submitted the draft 
production specification for the S5 package to ASN and the detailed package data file to Andra. 
In February 2010, following examination of the package file, ASN asked Areva to study other 
treatment-packaging scenarios “considering that the S5 package project developed by Areva, the 
characteristics of which are described in the above-mentioned letter of 20/01/2009, do not offer sufficient 
guarantees for long-duration storage and for disposal in deep geological formation, more specifically owing to the 
presence of organic materials”. Areva thus initiated studies to find other possible treatment-packaging 
scenarios (including thermal) as requested by ASN in Article 1 of its resolution 2010-DC-0176 of 
23rd February 2010 and is continuing R&D into the S5 package, in order to demonstrate that 
sufficient guarantees could be provided. 
 
Areva transmitted files in April 2010 and early 2012, notably containing the additional R&D 
results acquired, which describe the corrosion-resistance of the container and the trapping of 
radiolysis hydrochloric acid gas by its internal carbon steel sheath, along with studies on the 
nature of the complexing agents. Furthermore, in response to a prescription of the 2010-2012 
PNGMDR, AREVA also submitted a report presenting the characteristics of the S5 package, its 
manufacturing process, the results of the R&D describing the thermal processes and a forecast 
implementation schedule for all these avenues. 
 
The orientation studies concerning the thermal processes performed in 2010/2011 revealed the 
absence of any technology that could be directly transposed to technological waste containing 
organic matter rich in alpha emitters. The R&D concerned the incineration / melting / 
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vitrification technologies involving plasmas, which most closely match the process specifications. 
They consist in heating the metal phase by low-frequency induction and then heating the glass by 
heat transfer at the metal/glass interface. One or more plasma torches are sufficient to ensure 
combustion of the organic part of the waste.  
 
These technologies are based on major technological innovations (use of a plasma torch in a 
nuclear environment, deployment of fusion and vitrification operations within the same process, 
final packaging comprising two separate glass/metal phases in the same container, etc.) and 
feasibility has yet to be confirmed. They generally imply the ability to manage specific criticality 
constraints and the use of a very high temperature process associated with a glove box design. 
 
At this stage, the production of a full-scale prototype was felt to be necessary and this was the 
R&D subject for the period from 2011 to 2018. It should allow inactive qualification of the 
process. Funding for this R&D has been requested under the investing in the future programme. 
 

2.3.2 Other ILW-LL waste 

In the 2005 File concerning the feasibility of geological disposal in a clay layer, the models and 
data available for ILW-LL waste mainly concerned the corrosion rates of the metal materials in 
standard compacted waste packages (CSD-C) and the source terms of bituminised sludge 
packages. The studies carried out since then by CEA, AREVA and EDF on behalf of Andra, 
confirm these elements, but also provide additional information concerning the following waste: 

- metal waste: determination of corrosion rates of aluminium and magnesium alloys;  
- polymer waste: evaluation of radiolytic production rates for different gases and 

different polymers, determination of the nature and quantity of water-soluble 
degradation products resulting from the radiolysis and hydrolysis of these polymers; 

- ILW-LL glasses: proposal of a glass alteration model. 
 

2.4 Spent fuels 

A study programme for PWR fuels was carried out in accordance with the PNGMDR 
requirement which was to produce a less conservative release model than that adopted for the 
2005 File, by 2011. The work done on this project can to a large extent be transposed to other 
fuels7 with a UO2 matrix. 
 
A spent fuels matrix alteration model was developed by CEA. It includes radiolysis, geochemistry 
and electrochemistry. It is applicable to UOX and MOX fuels and should eventually allow 
coupling with the materials in the environment. It leads to a fuel lifetime similar to that adopted 
in the 2005 File (from 50,000 to 100,000 years). 
 
Initial experimental results on the dissolution of UO2 doped with clayey water would also seem to 
show control of alteration by a silicate phase (uranium silicate). This could lead to a slower 
alteration mechanism than that shown by current models. 
 
In the rest of these actions, it will be necessary to include the results obtained by the FIRST-
Nuclides programme, conducted at a European level and to continue the experimental and 
modelling work on the behaviour of UOX and MOX fuels, in order to clarify the available data, 
more specifically with regard to their respective behaviours in disposal conditions.  

                                                 
7 Spent fuels from civil reactors (GCR and EL4 heavy water reactor), CEA experimental reactors, land-based or on-
board reactors for national defence activities. 
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2.5 Vitrified waste 

The initial and residual dissolution rates of the R7T7 glasses produced at La Hague were assessed 
throughout a broad range of operating conditions: atmospheric corrosion, alteration in pure or 
clayey water, alteration in the presence of environmental materials (corrosion products and 
argilites): 

- the atmospheric corrosion of glass (in the presence of water vapour) leads to alteration 
rates higher than the residual rate in pure water;  

- the glass dissolution rates in pure and clayey water were acquired at 30°C, leading to a 
reduction in glass alteration by comparison with the 50°C values adopted in the 2005 File; 

- glass corrosion in clayey water leads to initial rates 5 times higher than those obtained in 
pure water. The residual rates are also multiplied by a factor of 1 to 5 depending on the 
magnesium concentration in the vicinity of the glass and the pH. 

 
The effect of magnetite on the increased kinetics of glass alteration was confirmed, even if 
attenuated in the presence of a diffusion barrier, but the underlying mechanisms could be more 
complex than those considered in the 2005 File. In addition, the studies confirm very slow 
development of glass fracturing under mechanical loading in the disposal facility. 
 
At the same time, a mechanistic model of the long-term behaviour of the R7T7 glass, the 
GRAAL model, is currently under development. This model aims to describe the complete 
kinetics of glass dissolution as a function of environmental conditions. The current studies aim to 
expand its scope of application so that this mechanistic description can be integrated into the 
operational model of vitrified waste package behaviour in a disposal situation. 
 
With regard to “cold”8 glasses (UMo, PIVER and AVM glasses), a model assuming alteration 
according to the initial rate of glass dissolution was developed. In the particular case of certain 
AVM glasses, a model of the same type as that used for the R7T7 glasses was configured, leading 
to a lifetime estimation that is higher by one to two orders of magnitude.  
 
With regard to the performance and safety calculations needed for the Cigéo creation 
authorisation application, this work will allow a more precise and robust evaluation of the 
behaviour of these glass families in a disposal situation. The work to be done in the coming three 
years should in particular concern: 

- glass alteration in atmospheric conditions. This process is at the origin of the 
measured rate; 

- alteration in the water on the site and identification of the effect of magnesium; 
- the influence of environmental materials, more specifically of corrosion products; 
- interpretation of the results of the underground laboratory experiments. 

 

 

                                                 
8 These are glasses for which the radionuclides content is such that the thermal release is less than that of the R7T7 
glasses today produced at La Hague 
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2.6 Generation IV reactor waste 

The aim is to obtain the data necessary to prepare for gradual deployment of generation IV 
reactors: 

- initially supplied with the uranium and plutonium contained in the fuels taken from PWR 
reactors (more specifically spent MOX fuels); 

- then with the implementation of systematic recycling of the uranium and plutonium; 
- and, as necessary, the use of transmutation options for certain minor actinides. 

 

It will be necessary to examine the impact of these technology and material management strategy 
developments on the waste generated. The deployment time-frame for these systems enables 
innovative R&D to be carried out on these subjects. The following primary research objectives 
can be mentioned: 

- studies designed to limit the generation of waste comprising long-lived elements, as of the 
design stage; 

- the study of alternative treatment and packaging solutions, for example a melting process 
for metal waste; 

- the characterisation and management of waste, in particular secondary waste (cladding, 
structural elements of fuel assemblies) and reactor operating waste (cold traps, control 
rods); 

- the impact of transmutation options on the design of the disposal facility (for example to 
assess the impact of a glass thermal load that is significantly reduced over the long term). 
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3 SUPPORTING DISPOSAL PROJECTS FOR HLW/ILW-LL AND LLW-LL TYPE 
WASTE, PLUS STORAGE  

3.1 Disposal of low level, long-lived waste  

The deployment of long-term management routes for LLW-LL type waste requires R&D to 
clarify the feasibility, acquire the additional data necessary to demonstrate the safety of disposal 
and draft design requirements for the industrial means that are eventually to be selected. These 
means concern shallow disposal and the upstream operations such as possible treatment and 
packaging of the associated residues.  
 
The siting of such a disposal facility will in the coming years imply the search for and 
characterisation of the site and the production of substantiation data to be provided with a view 
to creation of the disposal facility. 
 
R&D work on characterising and treating radium-bearing waste aims to improve knowledge of its 
behaviour in a disposal situation, to reduce physico-chemical disturbances after closure and 
reduce the overall volumes to be disposed of, thus preserving scarce disposal capacity. 
 
R&D work on characterisation and treatment of graphite waste aims to explore the different 
processes enabling high decontamination performance to be achieved and the feasibility of total 
destruction of the decontaminated graphite, along with evaluation of concentrated residue 
packaging processes (see § 2.1 of this appendix). 
 
For bitumen encapsulation, R&D carried out by CEA aims to confirm the radiological 
inventories by sampling followed by radiochemical analyses.  
 

3.2 Reversible disposal in deep geological layer for high level, intermediate level long-
lived waste, and the Cigéo project 
 

Progress and prospects of the Meuse-Haute-Marne experimental underground laboratory 
programme 
Until 2014, the experimental programme intends to intensify technological testing and the 
performance of experiments in order to meet the needs of the assessors and to acquire more 
extensive data for drafting of the creation authorisation application. The work is being organised 
in three areas:  

1. Continue the programme associated with the construction of drifts and HLW vaults; 
2. Complete data acquisitions concerning the characteristics of the Callovo-Oxfordian 

argilites from the geomechanical standpoint (argilite behavioural laws, EDZ9 transport properties 
corresponding to a dense 3D network of interconnected fractures), priority for engineering and 
simulation and transport-retention study programmes (long-duration diffusion experiment); 

3. Testing of the drift sealing components, with a view to technological optimisation of 
the disposal structures, plus performance testing. 

 

To carry out this programme, new drifts were excavated in 2011. 
 

                                                 
9 EDZ - Excavation Damaged Zone. 
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Progress of drift excavation in the underground laboratory as at March 2012 

 

Progress of the experimental programme  
Technological tests 

Two technological tests on the construction of drifts were performed in order to study the 
interactions between the rock and the liner according to the time between excavation and 
application of the liner: 
- the construction of the rigid design test drift (GCR) in the direction of the major horizontal 
stress allowed examination of the conditions for production of a concrete liner poured in-situ 
about 6 months after excavation. Long-duration monitoring of this drift will provide information 
on (i) its loading and its behaviour over time, (ii) the development of the initial argilite fracturing 
after installation of the liner, and in particular the permeability;  
- the construction of the GRD2 drift with a thick sprayed concrete liner (45 cm), installed as soon 
as possible after excavation. 
 
The comparison of the behaviour of these drifts and the flexible design drift (GCS) will make it 
possible to understand the relationship between deformation of the terrain and the loading of a 
rigid liner. 
 
In phase 2 of the test programme on the HLW vaults, a 40m vault was excavated, with an 
instrumented sleeve. The aim is two-fold; (i) to complete the data on the evolution of the 
argilite/sleeve interface, (ii) to test sleeve examination methods, in particular using optical fibres. 
The sleeve was made completely watertight, including on the drift wall, in order to see whether 
the outer ring fills with water and if so at what rate. 
 

 
 

Drifts completed late 2007 
Drifts excavated (tranche 1) 
Drifts excavated (tranche 2) 
Drifts excavated at end March 2012  
Drifts to be excavated in March 2013 
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Characteristics of the Callovo-Oxfordian argilites 
 
Load measurements on the instrumented tubing in small diameter boreholes continued. After 
more than a year of testing, the loading tends to become isotropic. A traction test was attempted 
on one of the tubes to measure the steel/argilite friction coefficient. The friction forces exceeded 
the strength of the thread, which failed at just over 60t. The heating tube installed for the tube 
elongation check (TEC) was subjected to a first heating cycle up to 55°C from 7th June to 
9th September 2011. After total cooling, a new cycle was launched in January 2012 and reached a 
temperature of 90°C. With regard to the TED experiment (tube elongation test), the heating 
phase with three probes is currently being completed. It will be followed by a controlled heat 
reduction phase. A preliminary feasibility check on the long-duration diffusion test began in the 
autumn of 2011. The detection capability of the sensors is verified using sealed sources of 22Na. 
This test will continue into 2012. 

 
Tests on drift sealing components 

 
A complete circumferential groove 30 cm wide and 2.5 m deep was made in an experimental drift 
parallel to the major horizontal stress (GET drift) in mid-2011. It was the subject of deformation 
measurements during and after it was excavated. Its walls are still stable and show no signs of 
change. 
 

Planning of the experimental programme until 2014  
  

Technological tests 
The next steps in the technological tests on drift construction will on the one hand concern the 
excavation of a large diameter structure, the tunnelling machine assembly chamber, for which the 
excavated diameter is 7.8 m, and on the other, the excavation with the tunnelling machine of 
80 m of drifts to test the installation of prefabricated segments. The same structures will be built 
in the direction of the minor stress between 2014 and late 2015. Experimental phase 3 for the 
HLW vaults will begin with building of a longer vault, with a new and more powerful machine. In 
late 2012, full-scale thermo-hydromechanical behaviour (THM) testing will be implemented in 
and around a HLW vault in its reference configuration.  

 
Characteristics of the Callovo-Oxfordian argilites 

The CDZ experiment (mechanical compression of the EDZ) will continue with a new loading 
cycle after soaking of the fractured zone. This will end with sudden removal of the wall, to 
observe the reaction of the EDZ. A new experimental arrangement was put into place to acquire 
date on the chemistry of the pore water of the argilite at 80°C. A sampling system for monitoring 
the development of the liquid and gaseous phases extracted from a significant volume of argilite 
raised to a temperature of 85±5°C thanks to four heating boreholes. New diffusion experiments 
are envisaged as of early 2014, if the feasibility tests prove conclusive. The aim is to have transfer 
distances of several decimetres, significantly higher than the centimetre scale damage zone 
around the injection chamber and to assess the anisotropy of the transfer properties due to the 
stratification of the formation. The tracers used will be 36Cl, 22Na and actinides.  

 



207 

Tests on drift sealing components 
With regard to the closure of the underground structures, technological or performance tests on 
the individual components are scheduled. The performance test on a portion of the swelling 
argilite seal core (NSC experiment) is scheduled to last several years, in order to monitor 
resaturation and ultimately estimate the equivalent permeability of the system (core, interfaces, 
EDZ). In order to finalise the method for interrupting the damaged zone by means of a groove 
filled with swelling clay, tests will be carried out in 2012 on a mock-up to define the filling 
method. If these tests prove positive, a complete groove will then be filled with swelling clay, 
followed by a forced hydration phase. The full-scale implementation test on the complete seals 
(swelling clay core and low pH concrete support blocks) will be carried out in an installation 
outside the underground laboratory. It will be part of the European DOPAS project, starting in 
late 2012. 
 

3.3  Contributions to phenomenological understanding of the disposal centre 

Here we look at four topics on which, by means of experimentation and modelling, 
significant progress has been made in understanding the properties and behaviour of various 
components of the disposal centre, more specifically the geological medium. 
 

3.3.1 The damaged zone in the argilites around the disposal structures 

The initial damaged zone (defined as being that following excavation) is today characterised 
starting from the structure walls by: 

- a zone, referred to as the EDZ, corresponding to a dense 3D network of interconnected 
fractures; 

- a zone, referred to as fractured, characterised by fractures which are only slightly 
connected, if at all. 

 
The EDZ and the fractured zone are interleaved and have an overall elliptical shape; the 
dimensions of the small axes of the EDZ and the fractured zone are virtually identical, whereas 
those of the large axes differ significantly (several radii).  
 
The experimental data as a whole underlines the self-sealing capability by swelling of 
smectite minerals and mechanical closure of the damaged argilites. These mechanisms 
intervene very rapidly and lead to the restoration of very low water permeability.  
 

3.3.2 Transfer of solutes to the Callovo-Oxfordian layer 

The analysis of the solute transfer conditions in the Callovo-Oxfordian layer of the 
Transposition Zone, based on the detailed characterisation of the hydro-dispersive 
parameters of the Callovo-Oxfordian (permeability, anion and cation diffusion coefficients) 
underlines the predominance of diffusion throughout the Zone.  
 

3.3.3 Flows in the surrounding formations and their evolution over the next million 
years 

From the Zone of Interest for In-Depth studies (ZIRA), and at the scale of the 
Transposition Zone (see diagram below), the hydraulic trajectories in the Oxfordian and the 
Dogger are on the whole homogeneous both in terms of direction (North for the Oxfordian 
and South-East for the Dogger) and rate (about 1 km per 100,000 years for the Oxfordian 
and 1 km per 20,000 years for the Dogger). The vertical hydraulic load gradients in the 
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Callovo-Oxfordian on the ZIRA are low, less than 0.1 m/m in absolute terms, and are 
primarily descending on the ZIRA. The simulations based on the surface terrain erosion 
rates show very little evolution of the hydraulic load gradients and associated trajectories in  
the surrounding formations above and underlying the Callovo-Oxfordian over the next 
million years.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Siting of the Cigéo disposal centre project 

. 
The hydraulic-gas transient 
 
The data acquired from the experiments (on samples and in the underground laboratory) 
carried out by the gas transfer laboratory grouping, as well as via the European Forge 
programme and numerical simulations based on a more faithful representation of the source 
terms and gas transfer parameters, led to the identification of new elements. The capacity 
for easy transfer of gas in the argilite fractures and in the assemblies of clay pellets used to 
create the seal cores, leads to the consideration of gaseous hydrogen transfer in the central 
zone and its passage through the access structures to the Oxfordian, as being as probable as 
its confinement in the waste zones. The hydrogen only migrates in dissolved form and by 
diffusion through the Callovo-Oxfordian layer to the Carbonaceous Oxfordian and the 
Dogger. The hydrogen gas pressures in the repository are far lower than those of the argilite 
fracturing domain. 
 
 

Laboratory 

Laboratory 



209 

3.4  Scientific outlook 

Here we identify several essential points on which research is being carried out to improve the 
overall understanding of the behaviour of the repository elements. 
 
Corrosion kinetics of low alloy steel metal components and the coupling with the hydraulic 
behaviour of the vaults in the production and migration of gases. The degree of uncertainty 
surrounding the corrosion kinetics of low alloy steel components of HLW vaults (sleeve and 
over-pack) is still high; more specifically, there is as yet no complete explanation for the evolution 
of corrosion kinetics which is are first high and then fall or even remain constant over time.  
 

3.4.1 Mechanical behaviour of structures and repository  

The representation of the damaged zone as a fractured environment and the long-term deferred 
argilite deformation rates are two avenues for work involving both experimentation and 
numerical simulation. The saturation of the seals is today evaluated at full scale, notably using 
simplified representation models of the hydromechanical behaviour of the pellet assemblies. The 
specific local and transient effects during saturation must more specifically be evaluated to 
consolidate the design domain adopted and ultimately the control of the phenomenological 
evolution of the seals. 
 

3.4.2 Radiological inventories and source terms of certain waste 

The 129I inventory is the result of a factory summary and is a maximum of 1% of the total 
inventory of initial spent fuels. New analytical techniques should be able to show that the 129I 

levels are lower than those currently being considered in the inventory. The same applies to 36Cl, 
with a more precise evaluation of the contents in the glasses and the structural elements 
potentially leading to savings, the scale of which has yet to be determined. 
 
Observation-oversight of the repository 
Significant progress has been made in the field of R&D on sensors (optical fibres, spectrometers, 
miniaturisation, wireless transmission). Efforts must be continued, more specifically to harden 
the sensors, ensuring their durability and independence, but also to develop means of merging 
the data that will be acquired during operation of the repository and decision-making systems.  
 
Micro-nano approach to processes 
Certain Thermo Hydro Mechanical and Chemical (THMC) processes, notably those taking place 
at the interfaces, require a small scale approach in order to improve our understanding of them. 
Work will therefore be needed for modelling and quantifying these processes. This research will 
in particular be carried out in a project supported by the NEEDS cross-cutting programme.  

3.5 Storage research 

3.5.1 Studies and research on innovative storage concepts  

In order to explore the potential innovations highlighted in the interim report it published in 
2009, Andra has initiated a technical and optimisation study to examine in greater detail 
three concepts for HLW waste and one concept for ILW-LL waste, all assumed to take place 
on the surface. These concepts were drawn up in particular to ensure greater versatility for 
the packages accepted. Furthermore, a more detailed study of the oversight systems has 
been initiated.  
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HLW in ventilated shafts concept 
In the ventilated shafts concept, racks containing six primary packages or three disposal packages 
make the storage system more versatile. As a counterpart, the heating power of the primary 
packages is limited to 1,000 W, as opposed to 2,000 W in the glasses storage extension – south-
east (E-EV-SE) at La Hague. The racks are stacked vertically in closed stainless steel shafts. 
Cooling is by means of natural ventilation. This concept is suitable for storage, after an initial 
thermal decrease period, of a large number of heavily exothermic vitrified waste packages 
for significant cooling up to 85 years and beyond. Its versatility means that it is able to take 
HLW packages of various dimensions removed from disposal.  
 
The more detailed study aims notably to increase the unit thermal power of the HLW 
packages that can be accepted in this storage concept and to improve the oversight 
possibilities, while looking to reduce the mass of mobile handling equipment which would 
make it necessary to reinforce the storage vaults. 
 
The HLW on slabs concept  
The storage of compacted hulls at La Hague was designed to take standard compacted hulls 
and end-pieces (CSD-C) waste packages. The average thermal power of these packages is 
about 15 to 20 W. A storage concept for HLW packages in their primary or disposal form, 
with a thermal power of less than 500 W was in 2009 derived from that for storage of 
compacted hulls (ECC). Ventilation is mechanical and horizontal, with partial recycling of 
the outgoing hot air, in order to regulate the humidity. The storage building responsible for 
radiation protection and handling is remote-operated. The primary or disposal packages are 
placed vertically on a base positioned on the building slab(s). This concept is versatile and 
ensures the accessibility of each package for monitoring. It would be suitable for creating 
buffer storage capacity or to take packages retrieved from disposal. Additional studies 
concern improvements to heat removal.  
 
The HLW in concrete modules concept  
A storage concept for HLW packages in their primary or disposal format, with a thermal 
power of less than 1,500 W, was derived in 2009 from that of the existing NUHOMS® 
concept for spent fuels. The HLW packages are placed in storage containers in groups of 24 
to 30 primary packages or 15 to 16 disposal packages. These containers are closed and 
ensure package confinement and protection. They are placed horizontally in concrete 
bunkers cooled by circulating natural ventilation in contact with the container. The bunkers 
provide radiation protection. This storage concept will be optimised for improved 
interfacing with the transport system.  
 
The ILW-LL storage concept  
The primary packages grouped in racks, or the disposal packages, are pre-stacked and then 
placed in a long row on mobile beams, for adjustment to the various dimensions of the 
racks and disposal packages.  
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4 CONTINUED RESEARCH INTO SEPARATION-TRANSMUTATION  

4.1  Purpose and implications of the research: 

 The purpose of separation-transmutation is to remove the minor actinides from the ultimate 
waste as they are the main contributors to its long-term radiotoxicity and to the residual thermal 
load after the decay period. 
 
By the end of 2012, in accordance with the requirements of the Act of 28th June 2006, CEA must 
issue a file on the studies and research carried out into separation and transmutation, jointly with 
that carried out on the new generations of nuclear reactors and on accelerator driven reactors 
dedicated to the transmutation of waste, in order to be able to make an assessment of the 
industrial prospects for these technologies. The following aspects of the studies carried out 
during the period 2010-2012 should be underlined: 
- the transmutation of americium and curium would reduce the long-term radiotoxicity of 

ultimate waste by a factor of up to 100 at 1000-10,000 years, but without contributing any 
gains with regard to the radiological impact of the repository. Andra has identified the fact 
that the significant retention in the Callovo-Oxfordian argilites confined them in the near 
field and that the activity flux associated with the minor actinides leaving the host formation 
was negligible); 

- transmutation of americium alone would have limited impact on long-term toxicity but would 
help reduce the repository footprint by a factor of 2 to 5 (a factor 5 reduction would require 
prior storage for 120 years) for HLW waste alone;  

- overall performance is limited by the waste produced beforehand (“initial stock”), as well as 
by the ability to absorb the inventory at the end of life of the fleet; 

- the transmutation of minor actinides only has any sense if multi-recycling of plutonium is 
utilised;  

- transmutation is only effective if it leads to the fission of the actinides: in this respect, fast 
neutron systems are the most appropriate. 

 
Transmutation is a complex operation, which requires the recovery of elements of interest 
(separation of the minor actinides), and then their fission recycling in the reactor, with several 
options being possible: homogeneous or heterogeneous solutions, dedicated stratum. 
 
The research carried out at CEA has validated minor actinide separation processes and certain 
transmutation systems on real fuels on a laboratory scale; these concepts still need to be 
consolidated and, prior to industrialisation, would require experimentation on a larger scale. 
 
Implementation would only be possible with the deployment of fast neutron systems in the fleet. 
The impact of such a strategy, in terms of both reactors and the cycle, was the subject of an initial 
analysis based on all the criteria to be considered. Industrial implementation cannot be envisaged 
for the waste generated or engaged by the current NPP fleet.  
 
In the light of current knowledge, retrieval of the minor actinides from vitrified waste for the 
purposes of transmutation would not seem to be conceivable. The implementation of the 
transmutation option does not obviate the need for geological disposal of the ultimate waste.  

 
The aim of the research for the period 2013-2015 will mainly be (depending on decisions which 
could be taken after the 2012 deadline stipulated by the 28th June 2006 Act): 

- to consolidate the separation concepts developed for retrieval of the minor actinides; 
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- to continue with development of fabrication processes of fuels charged with minor 
actinides; 

- to continue with experimental irradiation concerning the various concepts envisaged for 
the transmutation of the minor actinides, and to clarify the possibilities for 
demonstrations in the ASTRID prototype and the MYRRHA facility; 

- to fine-tune the technico-economic assessments according to the various deployment 
scenarios; 

- to continue with upstream, exploratory or fundamental research in this field. 
 

4.2 The separation of the minor actinides  

The research has led to the development of specific extractants and separation processes, 
successfully tested in the laboratory, for each of the solutions envisaged: Am extraction (EXAm), 
extraction of Americium and Curium (SANEX) and grouped extraction of all the actinides 
(GANEX). 

 
For the period 2013-2015 this will mainly involve: 

- for the EXAm concept, continuing with “complete experimentation”, envisaged for a few 
kg of spent fuels, from reprocessing up to the production of AmO2 pellets. This 
experimentation will allow laboratory scale testing of the sequence of the various 
individual operations (separation, conversion into oxide, fabrication of pellets), but also 
of the various related operations (in particular the management of effluents and by-
products); 

- optimising the processes, primarily the EXAm concept for the retrieval of americium. 
This will essentially involve seeking to reduce the size of unit operations and the flows 
generated, by looking to work with more concentrated material flows; 

- conducting exploratory research on alternatives to the molecules and processes being 
studied; 

- continuing studies to consolidate the processes in order to better examine the conditions 
for possible industrial deployment (technologies, monitoring and control systems in 
particular). 

 

4.3  Fabrication of fuels containing minor actinides  

The fabrication of compounds containing minor actinides must take account of the specific 
nature of these actinides, more specifically their radioactivity (alpha, gamma, neutrons), especially 
for recycling concepts referred to as “heterogeneous”, with fuels containing about 10% minor 
actinides on a UO2 support. 
  
For the elements of interest, primarily americium, the research concerns: 

- the production of oxide powders obtained by means of U-minor actinides co-conversion 
processes (in particular co-precipitation followed by co-calcination); 

- the fabrication of compounds rich in minor actinides, paying particular attention to the 
production of very fine particles, which are potential sources of irradiation (eradication of 
crushing steps from the powder mixing processes, exploratory studies concerning 
alternatives such as gelification processes); 

- studies to develop remote-operated technological components (conventional 
maintenance in gloveboxes impossible), and the development of advanced robotics 
concepts (which could also benefit the plutonium fuels fabrication studies); 
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- studies concerning compound cladding materials, taking particular account of the large 
quantities of helium generated. 

 
The period 2013-2015 will also involve continued study of pilot facilities to prepare for 
transmutation experiments on fuel cladding pins. 

 

4.4  Experimental burnup  

The studies are continuing in order to finalise the transmutation devices and validate the correct 
behaviour in-reactor of the transmutation fuels with respect to the various concepts envisaged. 
We will first of all focus on the transmutation of americium: 

- for homogeneous recycling, further to the previous experiments in PHENIX which 
validated the concept up to levels of a few % of minor actinides, this will involve looking 
at the high burnup fractions (about 100 GWd/t) envisaged for fast reactors; 

- for the concept of recycling in blankets, this involves conducting mini-disk scale 
experiments (less than one gram) while attempting to reproduce the operating 
characteristics of fast reactor blankets during burnup in experimental reactors 
(temperature conditions in particular) and the production of gas corresponding to the 
targeted transmutation ratios. It is on this mode of transmutation, for which the studies 
are least advanced, that most of the efforts over the period 2013-2015 will focus. 

- for the concept of recycling in a dedicated layer (Accelerator Driven System - ADS 
in particular), post-burnup analyses of FUTURIX fuel samples irradiated in PHENIX 
under an international CEA-DOE-ITU programme will be carried out (as of 2013).  
 

The possibility of demonstrating an ADS prototype, such as the European MYRRHA project in 
Belgium to demonstrate burnup of fuels dedicated to the transmutation of minor actinides, will 
also be examined. The aim will also be to specify the nature and scale of the demonstrations that 
could be carried out in the ASTRID prototype or in the MYRRHA facility. During the 2013-
2015 phase, efforts will more specifically focus on precisely identifying the domain chosen for the 
ability to transmute the minor actinides in ASTRID, by in particular identifying any “threshold 
effects” on the dimensioning of the reactor (domains for which the aim of the demonstration 
significantly affects the dimensioning of the reactor).  

 

4.5 The scenarios studied 

The studies carried out over the period 2006-2012, which will be reported in the file presented by 
CEA in late 2012, allowed an assessment – on the basis of various criteria (gains in waste 
management, but also costs and detrimental effects throughout the fuel cycle) – of the impact of 
the implementation of minor actinide separation-transmutation options.  
 
During the period 2013-2015, CEA will focus on: 

- consolidating these assessments: estimation of uncertainties, more detailed quantification 
of certain criteria, updating of certain technological parameters on the basis of advances 
in research, whether for critical reactor concepts or for ADS; 

- together with the industrial partners and coherently with the decisions to be taken by the 
public authorities, drafting of possible deployment scenarios for such options in the 
French NPP fleet. The options will be envisaged for the ASTRID prototype sodium-
cooled fast neutron reactor and, at a European level, for the MYRRHA facility. 
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4.6  Upstream research 

Upstream research to support separation and transmutation studies will be carried out: 
- for aspects related to radiochemistry and to studies of separation concepts in Atalante at 

CEA Marcoule, and within the Marcoule Separation Chemistry Institute (ICSM). A 
contribution to CNRS’s NEEDS programme is also being envisaged. Research is looking 
at identifying and controlling the fundamental phenomena which govern the selective 
extraction of the elements of interest, the actinides, and the exploration of original 
concepts; 

- for aspects linked to transmutation, through the use of analytical irradiation (PROFIL 
irradiations) to validate nuclear data at CEA and validate elementary nuclear data within 
the framework of the CNRS’ NEEDS programme and European programmes, the 
acquisition of nuclear data concerning the elements of interest and the sensitivity studies 
will be continued. 
 

5 CONDUCTING RESEARCH TO SUPPORT THE SAFETY ANALYSIS FOR 
DISPOSAL PROJECTS  

IRSN has taken the necessary steps to produce the appraisals of the safety files which Andra will 
be presenting for the creation of new radioactive waste disposal facilities. The areas which 
warrant major efforts include that of the safety of a deep geological disposal facility. The focus of 
the research activities at IRSN on this subject is different from those for which Andra is 
responsible. They can call on far more limited resources and concentrate on a smaller number of 
subjects, aiming to provide the independent support necessary for the future appraisals. In this 
respect, the deadline of the 2013-2015 plan coincides with a key date for IRSN, which will be 
required, on behalf of ASN, to examine the file prepared by Andra to support the application for 
creation of a deep geological disposal facility. With this in mind, IRSN will utilise all the new 
knowledge acquired by itself or by the scientific community, more specifically since the 
examination of the 2005 File on the feasibility of a geological disposal facility in a layer of clay. 
For the period 2013-2015, the Institute more specifically intends to: 
- increase its research efforts on the behaviour of the repository confinement barriers, 

more specifically during the transition period, beginning during the operations phase and 
continuing after its closure. In this respect, the phenomena to be considered are notably: 

- thermal, hydric and mechanical (THM) phenomena liable to affect the 
performance of the components of the disposal facility. Over the coming three years, 
IRSN will focus its efforts on the one hand on continuing the seal experiments in the 
Tournemire experimental station, in order to assess the key parameters which govern 
the overall performance of the seals (SEALEX tests), and on their modelling and, on 
the other, on understanding and modelling the effects of gases inside a repository. On 
this point, IRSN is a contributor to the European Forge project, more specifically 
concerning the evaluation of the gas formation mechanisms and the numerical 
simulations of the expected effects. With regard to the mechanical behaviour of the 
disposal vaults (appearance of the EDZ, role of supports, etc.), IRSN will supplement 
the simulations of this behaviour by taking account of the observations made in the 
various laboratories, notably that in Bure; 

- the main factors in the physico-chemical evolution of the components of the 
disposal facility. The studies initiated aim to clarify the influence on safety of the 
chemical processes during the various phases in the life of a disposal facility. On this 
point, the Institute intends to continue the study of the possible effects of bacterial 
growth on steel corrosion and the study of the phenomena of radiolysis and the 
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degradation of waste packages, as well as to step up its effort to understand the 
complex cement/iron/clay chemical interactions. The experiments carried out for this 
purpose in the Tournemire experimental station will concern the impact and duration 
of the oxidising transient in the vaults simulating the HLW type vaults (OXITRAN 
tests) and the durability of the concrete and near field disturbance of the clays under 
the effect of temperature (CEMTEX tests) or of artificial ventilation. IRSN will also 
take part in the experimental studies carried out in the Mont Terri underground 
laboratory (Switzerland) concerning the evolution of clayey materials under the effect 
of an alkaline pH; 

- complete the study of the characteristics of importance for the confinement capacity 
of the geological barrier, over and above the analysis of the field data concerning the site 
studied by Andra and the assessment of the limits of the survey methods employed, the 
Institute will continue its efforts to study the differential fracturing of the clays, which notably 
aim to provide an explanation of the presence or absence of fracturing in various clay 
formations. At the same time, by means of the FRACTEX programme to be implemented in 
the Tournemire experimental station, IRSN plans to study the transport properties associated 
with areas of the medium subject to little disturbance. IRSN will also complete its knowledge 
of the transfer properties associated with the indurated clay formations, by taking part in the 
TAPSS2000 national programme associated with deep drilling to 2000 m by Andra on the 
Meuse /Haute-Marne site and the research programmes associated with the project to drill 
through the entire clay layer of Mont Terri;  

- to consolidate its ability to perform global modelling of the disposal facility. In this 
respect, it will continue its assessment of the influence of the hydraulic schemes of the 
Meuse/Haute-Marne site by means of specific hydrogeological models, integrating all the new 
data acquired. IRSN also intends to make a particular effort on simulation of radionuclide 
transfers in the geological medium, by means of the MELODIE computer code. Finally, 
IRSN intends to delve more deeply into defining possible very long-term evolution scenarios 
for the disposal facility and its environment, on the basis of the scientific knowledge available 
on the subject. 

 
IRSN does not carry out its research in isolation. At the national level, it is involved in numerous 
cooperative ventures with a network of renowned scientific partners, organisations, schools and 
universities. Together with CNRS, the Institute will also take part in the NEEDS programme. 
IRSN has also renewed the MoU established with Andra and allowing joint research work to be 
carried out in accordance with the provisions allowing compliance with the necessary ethical 
rules. At an international level, IRSN aims to work on European projects. In addition to the 
Forge programme in the 7th Framework Programme (FP) in which it is a participant (see above), 
the Institute is coordinating the SITEX project, a grouping of 15 appraisal organisations and 
safety regulators, which aims notably to create the conditions, Europe-wide, for interconnecting 
the research on technological developments, supported by the IGDTP platform, and that 
concerning the safety of disposal facilities, in which the independent organisations of the nuclear 
licensees must necessarily take part. International partnerships, notably with Japanese (JAEA, 
JNES), Canadian (CCSN) and Russian (SEC/NRS, IBRAE) organisations have also been created 
around particular IRSN research projects.  
 
Finally, the Institute recalls its desired to continue to make its experimental resources available to 
the French and foreign scientific community, in particular the clay medium experimental station 
at Tournemire (Aveyron), which since 2007 has been integrated into the IAEA centres of 
excellence. 
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6 GAINING A CLEARER UNDERSTANDING OF THE SOCIAL DIMENSION 
OF WASTE MANAGEMENT  

 
The involvement of the Human and Social Sciences (HSS) in the field of radioactive waste and 
materials management is justified upstream by the desire to make the various recommended 
solutions more robust. Their acceptability, which in the end is political in nature, is made easier 
when all the phenomena involved are dealt with in an appropriate framework, without ignoring 
their socio-economic, environmental, political, cultural, etc. aspects, and the various scientific and 
technical issues involved are interconnected. One-dimensional, inward-looking R&D has little 
chance of helping technical projects succeed, as is shown by the history of nuclear waste 
management in France prior to 1991. The aim of HSS research is thus to integrate the social 
aspects into the various on-going projects and ensure that they all work together in a cross-
disciplinary system. Collaboration with researchers from these diverse backgrounds must from 
the outset aim to create specialised communities on subjects of common interest with the 
operators.  
 
The topic of reversibility was the first to be given this level of priority by Andra. Several scientific 
events, in particular the organisation of two symposia, resulted from this work, as did the 
publication of the collective work “Making radioactive waste governable. Deep disposal 
undergoes the reversibility test”. An economic sciences PhD dissertation was also defended on 
this topic.  
 
Andra also launched the “memory” project in 2010, which on the one hand comprises work 
designed to continue to create and improve the memory of and records about the facilities and, 
on the other, scientific studies concerning materials ageing and issues specific to human and 
social sciences (HSS). Scientific studies into the ageing of materials consisted in testing the 
permanent ink/paper combination by means of standardised tests. Durability studies on other 
media for the longer term are currently being defined. They will concern non-paper media for 
writing and engraving, in particular studies of surface markers to be installed on the cover over 
the centres and the production of sapphire disks as demonstrators for a memory medium, the 
longevity of which could be up to a million years. As for HSS studies, an initial bibliographical 
approach is planned, in order to define a framework for any research to be included in the 
Agency’s scientific programme. The envisaged work is based around the following topics: 
- the longevity of languages and symbols, in order to determine for what reasonable time 

current or dead languages can be known and what the communication solutions could be 
once these languages cease to be known; 

- institutional conservation of written works, sounds, images, objects, etc. by specialised 
French and international organisations, to analyse the preventive measures taken to limit 
deterioration over time and encourage assimilation and transmission by future generations; 

- long-term digital archival, more specifically by organising an intelligence watch in this field, 
which is beginning to become organised and which, within the next few decades, could open 
up new prospects for the long term; 

- the archaeology of techniques and landscapes, incorporating man-made changes and 
geodynamic changes, as well as the possibilities of memory with human creations (use of the 
in-fill of surface-underground links as a memorisation tool); 

- the memory of “legacy” repositories not managed by Andra, which exist in various places in 
France (uranium mines, nuclear tests, etc.); 

- the foreseeable changes in society; 
- the inclusion of preserving the memory of repositories in teaching programmes on nuclear 

energy, heritage and memory; 
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- transmission of memory between generations via social networks on the internet. 
 
Andra is also taking part in international work on memory within the “Preservation of record 
knowledge and memory” working group set up by the Nuclear Energy Agency 
(NEA/RWMC/RK&M). 
 
More recently, in 2011, Andra set up a multidisciplinary steering committee to create a grouping 
of cross-cutting human and social sciences laboratories (GL-SHS). It comprises researchers from 
CNRS, SciencesPo Paris, Ecole des Hautes Etudes en Sciences Sociales, the Institut Francilien 
Recherche Innovation Société, Mines ParisTech and other university institutions. The general 
central research topic for the grouping is “transmission between generations and understanding 
of long time scales”. This is because the time-frames involved in the Agency’s activities, in 
particular in the management of the most highly radioactive waste, is indeed unique when 
compared with other industrial areas. It raises particularly complex questions which notably 
concern the ability to anticipate events over long periods of time and to ensure that they are 
managed. The approach adopted was to look at the practices and tangible arrangements made to 
produce the Cigéo geological disposal project. The question arises of the transmission to future 
generations of the means and resources for intervention on the fate of this project. In order to 
encourage and promote cross-pollination between perspectives and exchanges, the GL-SHS 
research programme is jointly put together by the members of the steering committee and the 
pilot Andra. It is built around the following three core subjects: governance, knowledge and 
memory; socio-economic evaluation.  
 
The first part deals primarily with integrating social aspects and scientific and technical elements 
into the decision-making processes. Profound changes have been made in the field of radioactive 
waste governance in recent decades. The question now is to ensure that the long time entailed by 
research (and by radioactive waste) is in phase with industrial time and political time. These time-
related approaches are the responsibility of numerous players with interests that may often 
conflict, and lead to organisational changes. 
 
The second point above all concerns the robustness of knowledge over the long-term and the 
transmission between generations of the information, practices and knowledge necessary for the 
Cigéo project. The specific knowledge production system put into place at Andra to demonstrate 
the feasibility and safety of reversible geological disposal of radioactive waste, in particular the use 
of modelling and numerical simulation tools, is of particular interest to science historians. It is the 
characteristic traits of modern techno-sciences and the complexity of the relationship between 
science and society that can also be examined from a fresh perspective. The techno-scientific 
understanding of long time-scales, or more precisely of the future, is an object of research which 
is currently arousing great hopes on the part of the social sciences. The problem of understanding 
long time-frames is not independent of that of memory, for which the socio-anthropological 
perspective preferred by the GL-SHS could prove to be highly instructive. Despite the efforts 
made since the 1980s by those in charge of managing radioactive waste around the world, in 
particular the Scandinavian countries with institutional archival and the United States with 
markers, little academic research has however been carried out on the question of multi-millennia 
memory in this field.  
 
The third point is based on the study of socio-economic evaluation methodologies and practices 
applicable to the Cigéo project, as well as directories of the players involved, or liable to be so, in 
this evaluation. One aspect is to analyse the respective functions and roles of the different types 
of evaluation (ex ante/ex post/ex nunc, internal/external, etc.), how different forms of 
knowledge are integrated into them, and the place given to forward planning and scenario writing 
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in them. The comparability with similar projects through the study of “major project” case 
studies was also given particular attention.  
 
Finally, CNRS’s NEEDS places HSS at the heart of nuclear questions and envisages looking at 
the question of time in a more general manner, from the risk management and assessment 
viewpoint. This perspective requires adopting an approach that is both retrospective concerning 
methods of memorising sites entailing a risk (polluted sites, mining residues, etc.) and forward-
looking concerning the pooling of data and their transformation into operational knowledge in 
appropriate information systems (for example, for management of contamination according to 
differentiated time-scales). This positioning will more broadly enable concrete answers to be 
given, based on past experience in order to envisage scenarios for assuming public responsibility 
for the transfer of knowledge. With regard to the management of radioactive waste and materials 
over long time-frames, the issues are not only the memorisation of data but more generally the 
actual process of recording a trace by the players involved and the decision-making styles that are 
most appropriate to such time-scales. Particular attention will be given to the following questions: 
- What are the social implications of the various possible long-term management solutions 

(storage, transmutation, geological disposal, etc.)? 
- What decision-making modes are associated with the various long-term management 

options? 
- What are the technical and political consequences of the absolute need for reversibility?  
- How can the knowledge necessary for the operation or decommissioning of today’s 

equipment be passed onto future generations? 
- How can one ensure justice and fairness across the territory and between the various 

generations? What are the underlying ethical issues? 
- What are the impacts on man and the environment of the various radioactive waste and 

materials management choices? 
- What is the role of the experts and the citizens with regard to the public decision concerning 

a situation of long-term uncertainty? 
 

In answering these questions, the aim is not social engineering in order to make the envisaged 
solutions more acceptable, but on the contrary to fuel the debate and the public choice and thus 
strengthen the ties between science and society. The aim of the NEEDS (nuclear, risk, society) 
programme is to ensure that knowledge progresses and that programmes, networks and diverse 
skills are established, while addressing the need for transparency and sustainability which today 
characterises the public debate. This programme also intends to build on the HSS knowledge 
acquired on the topic of nuclear waste, more specifically through the considerable work done on 
this question at CNRS.  
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Appendix 5: Concepts and plans for the post-closure period 

1 CONCEPTS AND PLANS FOR THE PERIOD FOLLOWING THE CLOSURE 
OF INSTALLATIONS CLASSIFIED ON ENVIRONMENTAL PROTECTION 
GROUNDS 

1.1 Very low level waste disposal centre  

The operation of the VLL waste disposal centre is regulated by order 2012040-0002 authorising 
the operation of this first installation classified on environmental protection grounds dedicated to 
the disposal of radioactive waste. This order is derived from the regulations applicable to the 
disposal of hazardous waste (ministerial order of 30th December 2002, amended). Andra also 
wanted to follow the same methodology for assessment of the long-term impact of the VLL 
waste disposal centre as that already used for the low and intermediate level waste disposal 
centres, the Manche disposal centre and the LLW/ILW waste disposal centre in the Aube. 
 
The order thus presents the requirements of resources imposed on the hazardous waste disposal 
facilities by the regulations as well as the additional requirements specified as a result of the safety 
assessments carried out for all the phases in the lifetime of the facility, from the construction 
phase to the post-oversight phase. 
 
In accordance with the authorisation order, Andra will propose a project to the Prefect defining 
the institutional controls to be applied to all or part of the facility, no later than one year after the 
end of the operating period. These institutional controls could prohibit the building of 
constructions and structures liable to impair the conservation and oversight of the site covering. 
They should also ensure that the means of collecting leachates before sealing of the shafts at the 
end of the oversight phase are protected and that confinement of the waste emplaced is durably 
maintained. Moreover, the purpose of the oversight phase will be to monitor the evolution of the 
disposal facility for a period of at least thirty years after the last waste is emplaced, and its 
conformity with the forecasts and the order of the Prefect. For this purpose, controls will be 
maintained, more specifically: 

- regular upkeep of the site (ditches, cover, ponds, fencing, etc.); 
- geotechnical observations of the site, with regular and at least annual updating of the 

topographical survey; 
- periodic measurement of the quality of the water collected from the centre and 

discharged into the environment and checks on compartments of the ecosystem in the 
near environment of the VLL waste disposal centre. 

 
All of these measurements will be to verify the absence of radioactive or chemical pollution in the 
environment of the centre. They will be able to ensure early detection of any behavioural 
anomalies and anticipate any remediation measures.  
 
Following this oversight phase, the record of the centre will at the very least consist of 
institutional controls entered into the land registry. 
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2 CONCEPTS AND PLANS FOR THE PERIOD FOLLOWING THE CLOSURE 
OF BASIC NUCLEAR INSTALLATIONS   

The legislative framework applicable to Basic Nuclear Installations for the period after closure of 
the facilities, is more specifically based on: 

- the Act on transparency and security in the nuclear field (TSN Act 2006-686 of 13th June 
2006 codified) which specifies that the transition of a BNI to the oversight phase is 
subject to authorisation (Article L.593-25 of the Environment Code) and that the 
administrative authority can apply institutional controls around this BNI (Article L.593-5 
of the Environment Code);  

- decree 2007-1557 of 2nd November 2007 which specifies the content of the authorisation 
application file for transition to the oversight phase. This file in particular contains: the 
impact assessment, a safety report, a risk management study, the general oversight rules 
and, as applicable, the institutional controls (see Art. 43) 

- the order of 7th February 2012 setting out the general rules for BNIs. Chapter V of this 
order concerning radioactive waste disposal facilities stipulates that: “In compliance with the 
objectives set forth in Article L. 542-1 of the environment code, the choice of the geological environment, 
the design and the construction of a radioactive waste repository, its operation and its entry into the 
oversight phase are defined such that protection of the interests mentioned in Article L. 593-1 of the 
Environment Code is ensured passively against the risks presented by the radioactive or toxic substances 
contained in the radioactive waste after entry into the oversight phase. This protection must not require 
intervention beyond a limited oversight period, determined according to the radioactive waste disposed of 
and the type of disposal repository. The licensee justifies that the chosen design meets these objectives and 
justifies its technical feasibility.”  

 

2.1 The Manche disposal facility  

From the regulatory viewpoint, the Manche disposal facility (CSM) is a basic nuclear installation 
(BNI n°66) dedicated to the surface disposal of low and intermediate level, short-lived waste. The 
creation authorisation decree dates from June 1969. The transition of the facility to the oversight 
phase was authorised by decree 2003-30 of 10th January 2003. This oversight phase is 
conventionally scheduled to last a period of three hundred years and includes a discharge license 
dating from 10th January 2003. In 1996, on the basis of the conclusions of the Commission 
assessing the situation of the Manche disposal facility (known as the “Turpin Commission”), it 
was decided that the “site may not be relieved of all controls” after this oversight period. Andra thus 
confirmed the need to maintain and eventually transmit the memory of the site and take all 
necessary steps to limit the nature of the constructions or equipment which could be installed on 
it.  

 
The concepts and plans for the post-closure period comprise: the design of the facility, oversight 
and maintaining a recorded memory:  

- measures concerning the design were taken by the licensee during the operating phase. 
Thus, after closure, the disposal facility corresponds to a mound in which the waste 
packages disposed of in the structures are protected from climatic hazards by a low-
permeability cover; an effluents management system recovers water that has infiltrated 
through the cover and/or into the disposal facility. The water recovered is transferred to 
the AREVA-La Hague treatment installation, in accordance with the discharges 
authorisation order; 
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- decree 2003-30 authorising transition to the oversight phase mentioned that the licensee 
must ensure oversight appropriate to the facility and its environment. This is defined in 
the regulatory oversight plan, which includes monitoring of the cover, the confinement of 
the disposal structures and the discharges from the centre. This plan specifies that the 
results are regularly sent to ASN (annual report) and to the public (summary of the 
annual report presented to the CLI). The decree also defines that protection of the facility 
against the risks of intrusion and malicious acts is guaranteed for the duration of the 
oversight phase. Furthermore, the decrees stipulates that every ten years, the licensee shall 
study whether or not the oversight and protection measures applicable to its facility need 
to be updated;  

- in terms of maintaining a memory and record of the facility, three avenues have been 
identified: 
(i) long-term archival of the information: decree 2003-30 defines the requirements 
concerning the long-term archival of information:  
- Detailed memory: the documents are duplicated on permanent paper and archived in two 
separate places, in the Manche disposal facility and in the French National Archives. The 
archive is updated every 5 to 10 years depending on developments in the Centre; 
- Summary memory: an initial version of this document of about a hundred pages was 
submitted to ASN and the CLI in 2008. This document should be revised as and when 
the safety reviews are carried out, in order to incorporate all the operating experience 
feedback gained from the oversight phase. When it is considered as having been 
stabilised, it will be printed on permanent paper and widely distributed, as stipulated by 
the technical prescriptions; 
(ii) information of the public, in particular during the oversight phase, more specifically 
via exchanges with the local information committee (CLI) and through communication 
measures; 
(iii) the draft application for the creation of institutional controls to minimise the risk of 
intrusion into the disposal facility for as long as possible after the oversight phase. Such 
institutional controls were suggested by the Turpin Commission and envisaged by Andra, 
in the 2009 safety report, pursuant to Article 31 of Act 2006-686 of 13th June 2006.  

2.2 The Aube waste disposal facility  

From a regulatory viewpoint, the Aube LLW/ILW waste disposal facility, which took over from 
the Manche disposal facility, is also a basic nuclear installation (BNI n°149). The creation 
authorisation decree of 4th September 1989, was modified by decree 2006-1006 of 10th August 
2006 plus its discharge license of 21st August 2006.  
 
With regard to the period following operation, the creation authorisation decree for the 
LLW/ILW waste disposal centre notably stipulates that: (i) during the oversight phase, “the 
structures shall be protected by a cover of very low permeability” and “the facility shall continue to be monitored for 
a time allowing radioactive decay of the radionuclides with short or intermediate half-lives, to a level presenting no 
further significant radiological risk.”; (ii) following the oversight phase, “it shall be possible for the land 
occupied by the facility to be used normally without any radiological restriction […] no later than 300 years 
following the end of the operations phase”.  
In addition to the regulatory aspects, Andra also follows the recommendations of RFS I.2 which 
defines the fundamental safety objectives, the design bases for a repository and the monitoring of 
the facility during the operations and oversight phases.  
 
In the same way as the CSM, the concepts and plans for the LLW/ILW waste disposal centre’s 
post-closure period comprise: the design of the facility, oversight and maintaining a recorded 
memory: 
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- the measures concerning the design were taken by the licensee during the operating phase in 
accordance with the requirements of RFS I.2:  
(i) the limitation of initial activity: the radioactive waste accepted by the LLW/ILW waste 
disposal centre is waste with a short or intermediate half-life, with limited quantities of 
long-lived radionuclides or those with low or intermediate specific activity. The aim is for 
the activity of the radionuclides disposed of to have significantly decreased during the 300 
years of facility oversight;  

(ii) confinement of the waste is ensured by the package and the structure (including the cover 
and the infiltrated water collection networks) during the operation and oversight phases 
and by the geological formation on which the disposal facility is sited, notably during the 
post-oversight phase;  

- the provisions concerning oversight of the facility and its environment. At closure of the 
centre, in accordance with decree 2007-1557, Andra will apply for authorisation to make the 
transition to the oversight phase and shall propose general oversight rules. A decree will 
authorise transition to the oversight phase. The monitoring approach currently employed 
during the operations phase will in principle continue during the oversight phase. This 
oversight relies on a certain number of measurements (notably radiological, chemical, water 
table heights, hydrological, climatological) the monitoring of which over a period of time 
should make it possible to: (1) verify the correct working of the disposal facility, ensuring the 
absence of any unacceptable dissemination of the radionuclides initially contained in it; (2) 
detect any abnormal situation or development in order to identify and locate the causes and 
initiate the necessary remedial measures; (3) gain sufficient understanding of the disposal 
facility evolution mechanisms; (4) assess the radiological and chemical impact of the disposal 
facility on the population and the environment and monitor its evolution, in order to verify 
compliance with the regulatory requirements; (5) ensure protection of the facility against the 
risks of intrusion and malicious acts;  

- provisions concerning maintaining the recorded memory: Andra relies on the reference 
solution developed for the CSM, for which preparations are made as of the operations phase. 
The CLI should also continue during the oversight phase and thus allow public information 
and consultation.  

 

2.3 The Cigéo disposal facility project 

The Safety Guide for the final disposal of radioactive waste in a deep geological formation was 
issued by ASN in 2008. This guide defines: 
- the fundamental safety objective: protection of the health of individuals and of the 
environment is the fundamental safety objective of the disposal facility. After closure of the 
disposal facility, protection of the health of individuals and the environment should not 
depend on oversight and institutional controls, which cannot be maintained with any degree 
of certainty beyond a limited period;  

- the design bases and safety principles; 
- oversight and maintaining the recorded memory: a facility oversight programme must be put 
into place during the construction of the disposal structures and until closure of the facility. 
Certain monitoring provisions could also be maintained after closure of the facility. The need 
to implement this oversight should be taken into account as of the design of the disposal 
system. The recorded memory must be maintained after closure of the site.  

 
The Cigéo disposal project will be designed in a deep geological layer, the Callovo-Oxfordian, to 
allow long-term confinement of the substances contained in the High Level and Intermediate 
Level long-lived waste. According to Article L542-10-1 of the Environment Code, “a disposal 
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facility in a deep geological formation for radioactive waste is a basic nuclear installation”. The Cigéo project 
thus falls under the regulations applicable to BNIs, as defined in §1.2.  
 
In accordance with the regulatory framework, notably the order of 7th February 2012, and the 
above-mentioned ASN Safety Guide, the Cigéo disposal facility project is designed to evolve 
from active safety to entirely passive safety, where no human intervention will be required. After 
operation, the facility will be closed and enter the oversight phase.  
 
As with surface facilities, the concepts and plans for the period following closure of the planned 
Cigéo disposal facility comprise the design of the disposal installations, oversight and maintaining 
the recorded memory: 

- provisions concerning the design: to meet the post-closure safety objectives, the deep geological 
formation disposal facility is designed to be able to guarantee and demonstrate safety during 
operations and for a long time following its closure, with regard to both man and the 
environment, while being reversible for a period of at least 100 years. In accordance with the 
regulations and the ASN Guide, the underground disposal facility shall, once closed, meet the 
post-closure safety objectives passively. The safety of the facility is thus based on a range of 
components for confining the radioactivity and isolating the waste from any possible external 
hazards;  

- the provisions concerning oversight of the facility and its environment. Steps shall be taken to 
maintain the memory and ensure monitoring for as long as possible. Monitoring of the 
environment is envisaged prior to construction (initial baseline state), during construction and 
throughout the operating period. This could be continued after closure of the underground 
facility and decommissioning and dismantling of its operating installations on the surface. This 
oversight will meet the regulatory requirements concerning the monitoring of the impacts of the 
facility. All of these measurements will be to verify the absence of radioactive or chemical 
pollution in the environment of the centre and ensure that it is functioning correctly. The long-
term environment observatory (OPE) offers a framework for monitoring the environment before 
and during construction and operation. An oversight programme is also designed with respect to 
post-closure safety to monitor a certain number of parameters in the underground facility during 
its operating phase. The means implemented for post-closure oversight of the Cigéo project will 
notably be based on experience feedback from the surface facilities;  

- provisions concerning maintaining the recorded memory focus primarily on: transmission to 
future generations, to inform them of the existence and contents of the facility and provide them 
with knowledge enabling them to understand their observations, to facilitate any actions or to 
transform the site. At present the reference solution adopted by Andra to guarantee a memory of 
its disposal centres is based on five measures: (i) two “active” memory systems to ensure that a 
recorded memory is preserved in the short and medium terms, and (ii) three “passive” systems 
for the longer term. This reference arrangement must be implemented for the Cigéo disposal 
project, with the need for the memory to be maintained following closure of the facility for as 
long as possible, and at least for five centuries. 
At this stage of the project, the reference solution implemented in the Manche disposal facility 
constitutes the basis for the memory system to be implemented for the Cigéo disposal project. 

 

2.4 Low level, long-lived waste disposal project 

Andra is drawing on the “General safety orientations report concerning the search for a site for 
disposal of long-lived waste of low specific activity” published by ASN in May 2008. It thus 
stipulates that: 
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(i) after closure of the disposal facility, protection of the health of individuals and the 
environment should not depend on oversight and institutional controls, which 
cannot be maintained with any degree of certainty beyond a limited period;  

(ii) with regard to the oversight phase, the designer must consider the means of 
ensuring this oversight as of the design of the disposal facility. 

The concepts and plans for the period following closure of the LLW-LL project are closely 
linked to the concepts developed, to the site(s) chosen for the disposal facilities and to the nature 
of the waste disposed of. Steps shall be taken with respect to oversight following closure of the 
disposal facility. They shall be studied and clarified as the design studies progress. They shall be 
based on all the operating experience feedback from the licensee, Andra, concerning the other 
centres.  
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Appendix 6: Inter-governmental agreements concluded in France for 
management of spent fuel or radioactive waste (agreements in force, given 
in chronological order) 

1 AGREEMENTS IN FORCE, LISTED IN CHRONOLOGICAL ORDER 

 
1 – Switzerland: 
Exchange of letters constituting the agreement between France and Switzerland with regard to the 
COGEMA reprocessing contract, signed on 11th July 1978. 
 
2 – Netherlands: 
a) Agreement in the form of an exchange of letters between the Government of the French Republic and 

the Government of the Kingdom of the Netherlands, concerning the reprocessing in France of spent 
fuel elements, signed in Paris on 29th May 1979. 

b) Modifying agreement dated 9th February 2009, published by decree 2010-1167 of 30th September 2010 
 
3 – Sweden:  
Exchange of letters constituting the agreement between France and Sweden regarding the reprocessing 
contracts, signed on 10th July 1979. Additional exchange of letters constituting the agreement between 
France and Sweden, signed on 10th July 1979.  
 
4 – Spain: 
Exchange of memoranda constituting the agreement between France and Spain on radioactive waste from 
spent fuels produced by the Vandellos I NPP, signed on 27th January 1989. 
 
5 – Japan:  
Cooperation agreement between the Government of the French Republic and the Government of Japan 
for the use of nuclear energy for peaceful purposes, signed in Tokyo on 26th February 1972. Protocol 
modifying this cooperation agreement (set of three annexes, a report and an exchange of letters), signed in 
Paris on 9th April 1990. 
 
6 – Australia: 
Arrangement between the Government of the French Republic and the Government of Australia 
concerning the implementation of a reprocessing contract concluded between COGEMA and the 
Australian Nuclear Science and Technology Organisation (ANSTO), in the form of an exchange of letters, 
signed in Paris on 27th August 1999. 
 
7 – Italy:  
Agreement between the Government of the French Republic and the Government of the Italian Republic 
concerning the reprocessing of 235 tons of Italian spent fuel, signed in Lucca on 24th November 2006, 
published by decree 2007-742 of 7th May 2007 
 
8 – Germany: 
Agreement in the form of an exchange of letters between the Government of the French Republic and 
the Government of the Federal Republic of Germany concerning the transport from the French Republic 
to the Federal Republic of Germany of packages of radioactive waste from reprocessing of spent fuel, 
signed in Paris on 20th and 28th October 2008, published by decree 2008-1369 of 19th December 2008 
 
9 – Monaco: 
Agreement between the Government of the French Republic and the Principality of Monaco concerning 
the entry into French territory of radioactive waste from Monaco, signed in Paris on 9th November 2010. 
 



226 

2 AGREEMENT CURRENTLY ENTERING INTO FORCE  

 
1 – Netherlands: 
Agreement between the Government of the French Republic and the Government of the Kingdom of the 
Netherlands, concerning the reprocessing in France of Dutch spent fuel elements, signed in The Hague 
on 20th April 2012.  
 

 



 

Ministry for Ecology, Sustainable Development and Energy

General Directorate for Energy and Climate

Arche Nord – 92  055 La Défense Cedex

Tél. : 01 40 81 21 22

www.developpement-durable.gouv.fr

French nuclear safety authority (ASN)

15-21 rue Louis Lejeune – 92 120 Montrouge

Tél. : 01 46 16 40 00

www.asn.fr

D
IC

O
M

_D
G

EC
/B

R
O

/1
30

30
-G

B
 -

 M
ar

ch
 2

01
4 

- 
P

ho
to

 c
re

di
ts

 c
ov

er
 (f

ro
m

 le
ft 

to
 r

ig
ht

): 
An

dr
a 

(x
2)

, A
nd

ra
/P

. D
em

ai
l -

 P
ri

nt
in

g:
 M

ET
L-

M
ED

D
E/

SG
/S

P
SS

I/A
TL

2 
-P

ri
nt

ed
 o

n 
Eu

ro
pe

an
 e

co
la

be
l c

er
tifi

ed
 p

ap
er

 –
 w

w
w

.e
co

-l
ab

el
.c

om
  

French Nation
al Plan

2013–2015

for the Management of Radioa
ctive   

Materials and W
aste


