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Abstract

Within the EU, recycling of waste from nuclear facilities is a common practice used by Member States by implementing “clearance levels” under certain conditions for conventional applications, pursuant to the Directive of December 5, 2013. In France, only one facility, operated by Cyclife, allows the recycling of metallic materials by melting of metal scrap, in the nuclear sector only. While decommissioning of nuclear facilities increases in France, a large volume of very low-level waste (VLLW) will be generated, in particular metallic waste and rubble. The capacity of the French VLLW disposal is gradually becoming insufficient and calls for other options to ensure safe and sustainable management of VLLW that will be produced in the coming years. In the last decade, successive editions of the French National Plan for Radioactive Materials and Waste Management (PNGMDR) led to consideration of new management options while deepening the participation of stakeholders in the decision making. Until recently, Article R. 1333-3 of the French Public Health Code prohibited the use of materials or waste from nuclear activities, potentially contaminated by radionuclides, in the manufacture of consumer goods and building materials. In early 2022, as a result of a process involving all stakeholders, new regulations were issued allowing the recycling of VLL metal waste in the conventional sector. The last edition of PNGMDR also introduced new tool to embrace every dimensions of VLLW management (safety, environmental, health, economic, ethical, territorial issues) in the assessment of different possible scenarios.
1. INTRODUCTION
In the 1990s, France  opted for a management of radioactive waste based on a priori zoning of the different areas of a nuclear facility, regardless of whether the produced waste is radioactive or not. These terms are still applicable today.  Pursuant to the Order of 7 February 2012 [1] setting the general requirements relative to nuclear facilities, of which Part VI concerns waste management, licensees shall establish a waste zoning plan which identifies the zones in which the waste produced is or could be contaminated or activated. As a protective measure, the waste produced in these zones is managed as if it was radioactive and must be directed to dedicated routes. This absence of clearance levels for waste coming from a zone in which the waste is or could be contaminated or activated, constitutes a particularity of the French regulations where the EU Directive of 5 December 2013 [2] introduces clearance levels to release radioactive materials from regulatory controls based on IAEA publication Application of the Concepts of Exclusion, Exemption and Clearance [3].   
This management principle based on the origin of the production of the waste makes it possible to strongly guarantee the traceability of waste from its production to its final storage. However, this management principle leads to the disposal of a large volume of VLLW which in some respects may seem inconsistent with an approach proportionate to the issues, the very principles of waste management provided for by French legislation and the preservation of disposal capacities which nevertheless constitute a scarce resource.
While the decommissioning program is gaining momentum, France has questioned itself over the last decade on the sustainability of its VLLW management model. These reflections could go through thanks to the regular updating of the French National Plan for Radioactive Materials and Waste Management (PNGMDR) in parallel with efforts to be more proactive with the integration of views of interested parties into decision making on VLLW management. 
2. MANAGEMENT OF VERY LOW LEVEL WASTE IN FRANCE
Inventory of VLL waste
According to the French National Inventory of radioactive materials and waste [4], published and regularly updated by ANDRA, VLLW consist mainly of rubble and scrap metal. The quantity of VLLW declared by producers at the end of 2021 is approximately 633,000 m3 (of which 430,000 m3 have already been disposed of). 
In France, at the end of 2022, 35 nuclear installations had been definitively shut down, with 23 of them undergoing decommissioning. ASN considers that the management of waste resulting from decommissioning operations is crucial and should be addressed with detailed attention since this massive production of waste, in particular VLLW, was not anticipated. The volume of VLLW is expected to reach around 1,600,000 m3 by 2040 and 2,200,000 m3 at the end of the decommissioning programme of existing nuclear facilities. 
Among those waste, steel from decommissioning of Georges Besse uranium enrichment plant, operated by Orano Tricastin, as well as steel from steam generators of nuclear power plants operated by EDF and steel form metal components such as pipes, pumps, heat exchangers, support for large components could be recovered. The volume of this metal waste is about 500,000 m3.   
Management route currently available for VLL waste
The management route for VLLW in France is currently the dedicated disposal facility, named CIRES, operated by the French radioactive waste management agency, Andra. This VLLW repository has been operational since the summer of 2003. The capacity of this repository is currently 650,000 m3. At the end of 2021, CIRES held around 430,000 m3 of waste, which represents 66% of its authorised capacity. Those waste are 80% made up of metal waste and rubble and the average activity of the waste disposed of in the facility is 10 Bq/g. According to the forecast of Andra, the facility could reach its maximum capacity around 2029. The ACACI extension project envisaged by Andra, currently under review, should increase its capacity to 950,000 m3, without increasing the footprint of the facility thanks to the optimization of disposal methods. 
ASN considers that the foundations of VLLW management must continue to be based on the location of origin of the waste and guarantee its traceability from production through to disposal with the exception of metallic VLL waste to specific routes.  
EVOLUTION OF VVL WASTE management: A LONG JOURNEY
Besides the Environment Code and the Programme Act 2006-739 of 28th June 2006, which define inter alia the policies for the management of all radioactive waste, France adopts every five years a national plan for radioactive materials and waste management (PNGMDR). This plan is a policy implementation tool and a road map for future management steps. Since its first publication in 2006, five editions of the PNGMDR have been edited: 2007-2009, 2010-2012, 2013-2015, 2016-2018 and 2022-2026. The VLLW management strategy has evolved along these editions taking into account more and more cross-cutting aspects of waste management, such as territorial, economic, ethic, environmental, sanitary impacts or public involvement in decision making process. 
2. PNGMDR 2010-2012
The PNGMDR 2010-2012 raised the question of the availability of long-term management routes for the produced waste due to the expansion of dismantling operations in France. The major part of this waste was expected to be produced after the progressive shutdown of 58 pressurised water reactors in operation. However, France was already confronted with the dismantling of 9 power production reactors (including 6 of the graphite moderated, gas cooled natural uranium type), the first reprocessing plant at Marcoule, and other facilities, including some French Atomic Energy Commission’s (CEA) research reactors and laboratories.
The necessity to optimise the consumption of the VLLW capacity was already identified in the plan. Indeed, the annual consumption of the volume capacity of the VLLW waste disposal CIRES was increasing and the plan pointed that it should be avoided that the maximum capacity authorised was reached in 20 or 25 years instead of the anticipated 30 years. Moreover, the PNGMDR 2010-2012 stated that, according to the principles set forth by the Act of 28 June 2006, the volume available for the disposal of waste had to be considered as a rare resource to be preserved. 
Initiatives were taken, in particular, for the metal waste originating from the dismantling or the maintenance of nuclear facilities, such as lead, copper, or steels. The PNGMDR 2010-2012 asked Andra and nuclear operators to identify how finished products built with metallic materials could be used in nuclear facilities and to assess the feasibility and the opportunity of an industrial scheme allowing the recycling of the metallic materials originating from the dismantling of the facilities. 
PNGMDR 2013-2015
In the framework of PNGMDR 2010-2012, industrial channels for recycling radioactive VLLW had been developed by nuclear operators (e.g. melting to reduce volume or to produce radiological protection used in nuclear facilities). However, the volumes recycled within these facilities were marginal and did not present any significant gain on the preservation of the disposal capacity at the CIRES.
The PNGMDR 2013-2015 identified a greater need for the management of VLL waste linked in particular to the dismantling and clean-up operations, justified the need to study new avenues for optimization. As a result, reflection on the possibilities of reducing the quantities of waste delivered in CIRES thanks to the recycling of some of them takes on its full dimension. In parallel, other options were considered such as the development of cast iron packages for waste disposal of low and medium activity, replacing the concrete packages to save disposal volume at CIRES. 
Moreover, the PNGMDR 2013-2015 set that the use of a dedicated foundry, for example for the manufacture of radioactive waste packages, would be suitable, but the plan underlined that the economic balance was not guaranteed and would in any case be fragile.
The plan identified that the opening of new recycling channels would require significant set-up times, especially for metal waste, which would not allow to differ by more than a few years from the date of saturation of the CIRES capacities. The implementation of such channels were to be considered in a perspective that went beyond the framework of the CIRES, it would enable the saving of the resources of future repositories for such waste. 

PNGMDR 2016-2018 
The implementation of the PNGMDR 2016-2018 marked a significant shift both regarding the management of VLLW route and the involvement of stakeholders. 
In a report of March 9, 2017 [5], the Parliamentary Office for the Evaluation of Scientific and Technical Choices (OPECST) underlined the limits of the methods of management of VLLW in France, in particular in the context of a major program for the dismantling of nuclear installations. The OPECST asked the France’s High Committee for Transparency and Information on Nuclear Security (HCTISN) to investigate the possible introduction of clearance levels and the conditions under which interested parties, including public, could be involved. A working group made up of a member of parliament, a representative of the local information commissions, an association for the protection of the environment, operators and trade union organizations was set up, named hereafter “HCTISN working group”, to address the issue. 
In a report of October 11, 2018 [6], the HCTISN working group highlighted that although many technical studies had been carried out on the management of VLLW both at national and international level, the way of involving the public in the management of this VLLW could be significantly improved. 
In particular, the HCTISN working group screened the practices implemented abroad regarding VLLW management, in particular in Sweden, UK, Germany, Belgium, Finland, the USA, Japan, Canada and South Africa. It drew some lessons on VLLW management in these countries. In particular:
apart from France, only Spain has a VLLW repository similar to CIRES,
the majority of VLLW is released with or without conditions,
in the UK and Sweden, the reuse of metals in conventional industry does not pose any difficulty,
the involvement of public in the decision-making process on the mode of management of VLLW is virtually unspecified,
the choice of clearance levels has not been the subject of a debate and the information of the public relating to the modalities of its implementation is relatively limited.
The HCTISN working group also pointed out that, although the public was consulted in the context of the development of the PNGMDR in France, it was not involved in the discussions on the evolution of the regulations on VLLW.
Meanwhile, an evolution of the regulations reinforced the implication of the public within the establishment of the PNGMDR. Indeed, pursuant to an Act of August 3, 2016 [7], the National Commission for Public Debate (CNDP) has to be involved within the framework of the development of the PNGMDR.  The CNDP is a neutral authority whose duty is not to appreciate the appropriateness of the projects or the policies concerned but to ensure public participation to decision making process when a project or policy is likely to have an impact on the environment. The CNDP decides, for each project, what form public participation should take. As part of the development of the PNGMDR 2022-2026, the CNDP defined the procedures for public participation: a public debate was thus organized from April 17 to September 25, 2019.
The management of VLLW was one of the 5 issues on which the CNDP had chosen to focus the public debate (the other issues were the management of radioactive materials and the prevention of charges for future generations, the storage needs for fuels waste, disposal of long-lived low-level waste and the deep geological repository Cigéo).
Some lessons regarding VLLW management were learned from the public debate: 
a clear disparity of opinions appeared during the public debate on the effects of very low doses of radiation, between people who put forward a safety threshold for the effects of ionizing radiation and those that advocate a more conservative approach; 
the public showed great sensitivity on the effectiveness of controls, the independence of those who implement them and the association of public appeared as prerequisites for a possible change in VLLW management methods; 
consequences on territories of VLLW management choices shall be anticipated in the decision-making process. 

On the basis of the decisions made within the framework of the PNGMDR 2016-2018, and the associated dialogue with the public, the French government modified the regulatory framework applicable to the management of VLLW in early 2022, by introducing a possibility of derogation (i.e., on a case-by-case basis) allowing metal VLLW to be recycled and released without restriction after melting and decontamination. A project for such a recycling facility is currently under development and the facility could be built by 2031.
PNGMDR 2022-2026
The PNGMDR 2022-2026 deepens involvement of interested parties to a greater extent to build safe and sustainable VLLW management strategy and prospects for the recycling of certain VLL waste.

Deepening of stakeholders participation:
· The plan requires Andra to define scenarios for managing VLLW on the basis of the studies carried out under the 2016-2018 PNGMDR, in conjunction with waste producers. The management scenarios thus defined will be the subject of a multi-criteria and multi-actors analysis, as part of the decision-making process, in order to highlight the health, safety, environmental and regional impacts associated with the different options of VLLW management,
· The plan insists on the necessity to deploy this multi-criteria analysis for the VLLW management scenarios in a way that enables the various categories of interest parties to be involved. The process must ensure that participants are representative of all components of  the society and that the participants involved are from diverse backgrounds. 

Going further with recycling of metallic VLLW:
[bookmark: _GoBack]In accordance with public debate, the plan specifies the framework associated with the development of the metal VVLW recycling plant mentioned in section 3.3, and requires the preparation of a roadmap including: 
(i) the location of the project; 
(ii) all the potential sources of metal VLLW that could be recycled in the plant;
(iii) the description of the radiological characterisation of the metal VLLW to be recycled;
(iv) all the stages of the planned process, in particular those relating to decontamination, with the volume and characteristics of the resulting waste ;
(v) the type of radiological measurements planned to be implemented, the detection thresholds and the associated uncertainties;
(vi) the control, transparency and traceability procedures to be implemented. 

PNGMDR emphasizes that this roadmap will be the subject of consultation with the public and elected representatives in the areas concerned. In accordance with the recommendations of the HCTISN, this consultation will also have to assess the appropriateness of such recovery in relation to other possible management options.  Moreover, PNGMDR underlines the need to discuss the possibility of setting up a citizen conference may be discussed with the CNDP, prior to the investment decision to launch the construction of the facility. Such consultation is planned to be implemented in 2024.

CONCLUSION
The management of VLL waste in France is a major challenge due to the massive production of VLL waste resulting from decommissioning operations. By implementing a very conservative approach, the French waste management policy based on zoning of the production of waste, implemented since the 1990s, has guaranteed a very high level of confidence on waste management route, but is also leading to a rapid saturation of CIRES where 80% of VLL waste consist of scrap metal and rubble.  
During the last decade, the different edition of PNGMDR enabled to deepen public participation to waste management policy and to explore different options for VLLW management. The last edition of PNGMDR emphasizes the need to develop a sound methodology to assess different options through multi-criteria and multi-actor analysis, to allow all stakeholders to express themselves and to take into account every dimensions of the VLLW management issues (safety, environmental, health, economic, ethical and territorial).
A major change was introduced in 2022 in French regulations to encourage recycling of metal VLLW under certain conditions. Other solutions are also considered through the implantation of the last edition of the PNGMDR, such as building new decentralized disposal facilities, recovery of liquid waste, crushing of concrete. They will be assessed considering views of society as well as safety criteria.  
 The latest edition of PNGMDR encourages a strategy for VLLW management in France that allows the integration of criteria of a different natures, by explaining the choices, motivations and arguments of the interested parties. By implementing a multi-criteria and multi-actor analysis in a structured and homogeneous way, the decision-making process of VLL management choices will ensure safety and enable sustainability of the French VLLW management strategy. 
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