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Abstract

[bookmark: _Hlk76706079][bookmark: _Hlk76706620]Euratom has initiated a cooperative research project aimed at developing and improving, safer treatment and conditioning methodologies and processes for wastes. The project “PREDIS: Pre-Disposal Management of Radioactive Waste” develops novel methods and technologies to improve handling of low-level and intermediate level radioactive wastes. The project focuses on treatment of metallic materials, liquid organic waste and solid organic waste, which are generated in nuclear power plant operation, decommissioning and other industrial processes. PREDIS project also develops digitalisation solutions to improve safety and efficiency when handling and assessing cemented-waste packages for extended interim surface storage. An example of this is the use of digital twins and artificial intelligence for big data mining from non-destructive evaluation methods. Through all of these pre-disposal treatment activities, waste acceptance criteria are a critical parameter for optimising the safe and efficient handling and minimisation of wastes over the whole life cycle, from cradle to grave. The PREDIS project will produce tools guiding decision-making on the added-value of the developed technologies and their impact on the design, safety, environmental impact and economics of pre-disposal waste management and future disposal. It is anticipated that the project results will be close to implementation by the end user community, which is ensured through their active involvement with the partners and the co-funding structure of this EC project. The project’s Strategic Research Agenda will highlight needs for future technology development, investments and needs also from the perspectives of competence development and preservation of knowledge. This paper highlights the achievements of the first year, including the detailed gap analysis and baseline strategic research agenda. The overviews about technical innovation activities from each waste stream will be presented, along with information on strategic studies relevant to all issues such as Waste Acceptance Criteria, environmental indicators and economic assessments of the improved technologies.
1. INTRODUCTION
The 4-year Euratom project PREDIS ‘Pre-Disposal Management of Radioactive Waste’ began in September 2020, with 47 consortium partners from 17 Member States. The project also includes an additional 24 industrial partners engaged via the end user group to advise the project on the most pressing needs and challenges. The project budget of PREDIS is 23.7 M€ total, of which 14 M€ is provided by the EC and 9.7 M€ obtained by national level co-financing arranged by partners. Importantly, 80% of the project budget is devoted to research, development and demonstration (RD&D) activities. PREDIS coordinates with the European Joint Programme (EJP) EURAD to provide complementarity on common areas of interest including the adaptation and update of the reference founding documents of the EJP including vision, roadmap, governance and implementation mechanisms, and the organisation of training courses and mobility schemes to the enhance sharing and transfer of knowledge and competences. 

The PREDIS project targets the development and implementation of activities for pre-disposal treatment of radioactive waste streams, including the metallic, liquid and solid organics, and cemented waste streams: used nuclear fuel and high-level radioactive waste are outside the PREDIS project scope and are considered in other European projects. PREDIS project brings benefits for EU countries and stakeholders by development and increase in Technological Readiness Level (TRL) of treatment and conditioning methodologies, in particular for wastes that presently don’t have adequate or industrially mature solutions. PREDIS activities include also development of testing and evaluating innovations for cemented waste handling and pre-disposal storage. The technical work is aligned following the predisposal priorities formulated within EURAD project, as described in the Roadmap Theme 2 of EURAD [1], and with those identified by the project’s industrial End Users Group (EUG) including waste generators and waste owners. The project was established following the 50% co-funding principle for technical work packages, similar to EURAD, with the aim to have R&D activities focused on industrial priorities with companies contributing to the financing. Furthermore, PREDIS will produce tools and case studies guiding decision-making on the added value of the developed technologies and their impact on the design, safety and economics of waste management and disposal. 
[bookmark: _GoBack]PREDIS project interconnects with the wider international community, to improve cross-fertilisation and interaction between different national programmes. PREDIS project has already performed several cooperative dissemination activities with SNETP, IAEA and OECD-NEA, and continuation of events is planned to increase the impact of PREDIS for all Stakeholders in the predisposal field. A call to action is included, for wider engagement from interested stakeholders to register in following the project or becoming part of our End User Group. Further information is available on the project website, https://predis-h2020.eu/
2. Gap ANALYSIS of PRE-DISPOSAL ACTIVITIES
A gap analysis was performed in the PREDIS project [2] to identify predisposal technology gaps, their urgency and importance and the current technology readiness of potential solutions. The gap analysis was conducted in two separate phases: initially to evaluate industry and stakeholder needs for research, development and demonstration in pre-disposal waste management technologies firstly to define the scope of the PREDIS project proposal and secondly (after project mobilisation) to further review, refine and prioritise project plans against identified needs and discern relevant additional needs. The phase 1 results, during the proposal preparation phase, influenced the scope of the project and the phase 2 results from the first eight months of the project implementation will further refine the project focus and evaluate and prioritise any additional topical gaps. The phase 2 outcomes are presented specific to the technical work packages of the PREDIS project representing metallic waste streams, liquid organic and solid organic waste streams and the monitoring and storage of cemented waste packages [2]. The gap analysis was focused on research and technology gaps in the pre-disposal management of radioactive wastes. Efforts were primarily aimed at identifying those gaps to which the PREDIS project itself could directly contribute. Specifically, gaps of interest are those meeting the following criteria [2]:

represent areas of clear need by many Member States (e.g., problematic wastes, wastes with large and/or increasing raw volumes), 
represent opportunities for effective and immediate investment return (0- to 4-year horizon with an expectation of a jump in technology readiness (maturation) within that timeframe), 
represent topics of importance to industry, with a commitment to implement (co-funding potential), 
identified in Strategic Research Agendas of the community (i.e., EURAD, IGD-TP, SNETP/Nugenia).

The gaps identified in the following areas decommissioning-related, disposal-related and high-level waste (spent fuel)-related RD&D topics are outside the scope of this project and are covered elsewhere (e.g. in the EURAD and SHARE projects). Networking or coordinated action topics, for instance as handled by IAEA and OECD-NEA, or areas of limited need, with only few interested parties or low Member State applicability had a similar approach.
Phase 1 Gap analysis
In this first phase the existing Strategic Research Agendas (SRA) were reviewed to consider what had already been indicated as important needs. Three SRAs were identified in the proposal: the Nugenia Global Vision (2015) [3] associated with Technical Area 5 in radwaste and decommissioning, the JOPRAD Programme Document (Deliverable 4.2, 2018) [4], and the EURAD project founding documents.
According to the NUGENIA Global Vision, the important challenges related to pre-disposal that could be taken into the PREDIS project included topics such as: 
· to innovate enhanced decontamination and dismantling technologies for structures and components, 
· to establish improved treatment technologies to reuse/recycle materials, minimise waste volumes and to develop robust and passive waste forms, 
· to optimise the waste treatment by investigating alternative or novel waste form matrices and their associated processing routes, 
· to accelerate the introduction of new technologies and technical approaches through inactive and active demonstrations,
· to develop tools for surveillance programmes and active condition monitoring during interim storage, and
· to improve in-situ monitoring technologies and risk-based approaches to decision making. 

According to the EURAD SRA, high or medium priority challenges that the PREDIS project could tackle were for example:
·  improved understanding of radionuclide release from existing and future waste forms other than spent fuel, 
· improved understanding of the impacts of extended storage on waste package performance,
· optimisation of radioactive waste treatment techniques where there is potential for volume/hazard reduction and potential cost savings, 
· demonstration of geopolymer performance in representative disposal conditions and 
· developing reliable and affordable technologies for the radiological characterisation and segregation of historical preconditioned radioactive waste.

To receive industry feedback for the gap analysis, discussions, presentations and surveys took place with members of the IGD-TP and Nugenia (now SNETP). The survey asked for the relevance of specified waste types and the priority of those waste streams (liquid organic, solid organic, metallic, graphite and cemented). According to the responses, the waste types prioritised as most important were solid organic and cemented wastes. Graphite wastes were given the least important rating in terms of priority. Furthermore, comments received for graphite indicated that the development of treatment and conditioning methods for graphite materials could be postponed into future research activities. The waste type survey results are shown in Fig. 1.

[image: ]
FIG. 1. Results from the survey to industrial stakeholders on the priority on different waste streams (6 = highest, 1 = not a priority). [2]

Overall, the survey showed that the majority of parties supported the research work packages on cemented waste, liquid organic waste, solid organic waste, metallic waste and qualification and acceptance of waste. The survey also indicated that some topics could be left out of the proposal because either the urgency was not high enough (within 10 years), the necessary investment or budget to result in technical progress was too high (over 50 million euros), the reach or applicability to a significant number of Member States was too low, the overall industry interest was not significant enough (e.g., not warranting co-financing), or a combination of these four factors. As such, the topics that were excluded from the proposal after the industry survey were issues related to uranium conditioning and graphite waste processing, while the topic of bitumen waste processing was left as optional (in work package 6). It is acknowledged that those topics not addressed in the PREDIS technical work packages should still be considered in the PREDIS Strategic Research Agenda.
The background actions during 2019, from reviewing existing documentation, soliciting feedback from industry, and engaging in discussions with large organisations representing various stakeholders, contributed to the formulation of the project proposal structure and content. Furthermore, solicitations to contribute to the proposal development were made available and open to the community through the Nugenia, SITEX and EURAD Science networks. Additionally, the IGD-TP was invited several times during the process to provide feedback. These actions led to a very inclusive project proposal process, in line with the EURAD vision. As a result, four technical work packages were selected for the project: metallic material treatment and conditioning, liquid organic and solid organic waste treatment and conditioning, and cemented waste handling and pre-disposal storage. The technical work content that was formulated based on the Phase 1 gap analysis is presented in Fig. 2. Qualification issues and acceptance of waste were seen as important topics, and hence they were incorporated into the work plan. [2]
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FIG. 2. Technical work structure of PREDIS project, based on the Phase 1 gap analysis with stakeholders.

Phase 2 Gap analysis
During the first eight months of the PREDIS project (September 2020 to April 2021), a more detailed Phase 2 gap analysis was performed to add further transparency to the project and allow a wider community to give feedback on the technology development needs and priorities. All 47 consortium members as well as a large and varied stakeholder community have contributed to the Phase 2 gap analysis through various activities. Relevant stakeholders were identified, including the PREDIS End User Group members, regulators, technical support organisations, research organisations, universities, supply chain companies and civil society members. These groups were invited to participate in some Phase 2 gap analysis events, especially the open webinars, which included live polling and discussion groups. The gap analysis was performed using three online feedback surveys, state-of-the-art reviews carried out by the technical work package teams, four public webinars and other presentations, discussions and live polling at various events. The End User Group (EUG) has been a key source of information for the gap analysis. 

[bookmark: _Hlk76988509]One important focus of the PREDIS gap analysis in both the proposal and project phases has been on assessing scientific impacts or the technology gaps, which are evaluated with respect to their Technology Readiness Level (TRL)[footnoteRef:2]. The PREDIS project targets to advance the TRL levels, in particular focusing on the higher TRL levels, which are closer to industry implementation. To get insight on relevant research topics and development needs, an online survey was performed, where the participants were asked to respond to e.g. following questions: [2:  h2020-wp1820-annex-g-trl_en.pdf (europa.eu)] 

What are the primary interests [volume reduction, cost savings, development of treatment and disposal routes for currently untreated wastes, minimising higher level clearance materials and/or other] of your organisation related to metallic/liquid organic/solid organic waste treatment? 
Are there any challenges/needs your organisation would like specifically to be addressed in this work package or any specific topics/ideas/gaps that were missed?
What methods, processes, technologies and/or demonstrations would be most useful for your organisation from this work package? 

Other technical work package specific questions were also presented, for example on monitoring and storage of cemented waste packages. The questions asked the priority topics of interest connected with cement waste package degradation on monitoring, instrumentation and controls, which could be considered during demonstration tests, and measurements or analyses that are missing from the portfolio of available non-destructive evaluation techniques, monitoring technologies or instrumentation.

Part of the PREDIS work involves developing a database and better understanding of waste inventories, which provides important strategic insight into the magnitude of waste arising around Europe and supports identification of priority waste streams to be studied in PREDIS. Questionnaires addressed to both PREDIS partners and EUG members were used to help identify the priority waste streams in each country, and document their quantity, their current state (e.g., raw, containerised, already conditioned and/or packaged), time of future arising, and their radiological inventory.

Four technical webinars were arranged during spring 2021 to give insights on technical innovation plans from the work packages, to present case studies and to discuss industry needs, challenges and priorities. Each webinar consisted of two sessions of presentations followed by smaller group discussions. These deliberations explored issues raised in the formal presentations and gathered end user and broader information on future objectives in pre-disposal waste management. The potential barriers standing in the way of meeting those objectives and input on the technologies being developed in the PREDIS work packages were also explored. The discussion sessions provided direct feedback to the work packages and input to the gap analysis. Presentations from the webinars are available on the PREDIS website. 
Implication of the gap analysis and way forward
The main findings of the End User Group survey indicated that the priority waste streams designated by the respondents are covered by the original scope of each technical work package. 

Metallics - The main metallic waste types identified were steel and aluminium in both sheet and pipe form. Some of the waste streams in the inventory are mixed and will require sorting and segregation, which is also within the scope of the work package characterisation task. 
Liquid Organics -The potential liquid organic wastes to be tested in WP5 were oils, solvents and scintillation cocktails. According to the inventory questionnaire, these materials correspond to the most generally identified liquid organics. 
Solid Organics - The main solid organic wastes identified are resins, plastic and filters, and treatment schemes on such wastes are being tested in PREDIS. Bitumen was identified as a major waste stream, but the processes being tested in PREDIS may not be suitable for processing this waste. In any case, the EUG members managing such waste made the strategic decision to focus on cellulosic wastes for the purposes of the PREDIS project. 
Cemented Wastes and Predisposal Storage - On monitoring of the waste packages many needs are already included in the present activities such as integrity of outer metal barrel and inner cement mantle and tomographic techniques, gamma camera and neutron spectroscopy, but many suggestions could also be studied in PREDIS, e.g. non-destructive techniques (NDT) for physico-chemical properties, imaging and radiological characterisation and NDT to investigate heterogeneous waste forms inside cemented packages.

The key takeaways were derived from the discussion sessions for each of the four technical webinars. Topics that were outside the scope of the technical work packages could also be discussed in the webinars, raised by industry presentations or in the discussion groups. The main results from the webinar presentations, live polls and discussion groups were further assessed by the associated work packages relative to their scopes of work. These included for instance:
Small volume inventory holders are in the position of choosing between treatment, conditioning and disposal versus (very) long-term storage.
Development of radiological characterisation methods is important for clearance and waste conditioning in special matrices.
Although radioactive liquid organic wastes (RLOWs) are generally encountered in small quantities, they often require specialised treatment and conditioning schemes.
Finally, standards for geopolymer materials that are used for waste conditioning could be established to facilitate their acceptance and use in disposal facilities.
A key problem is the disposability which is strictly regulated and with which treated and conditioned wastes must comply; good cooperation with regulators is needed.
It will be important to compare the impact of various technologies on sustainability and wider environmental aspects along the pre-disposal management chain (treatment, conditioning and storage).
Interest was shown on development of resources, good practices, information, publications, training and knowledge transfer networks, which can be deployed to develop organisational capabilities related to waste package monitoring and storage.
Waste acceptance criteria is an issue for which new monitoring and characterisation techniques would be of assistance.

As summary from the gap identification, over 50 % of the topics associated with pre-disposal activities were already in the scope of the PREDIS project. The measure of topics that are not included to PREDIS but could potentially be within the scope was 0-24 % depending on the waste form. However, around 30 % were identified as not in scope (and can’t be), but could either be considered in the SRA, or should not be in the scope of the PREDIS project. These included for example characterization of heterogeneous items or containers, disposal of reactive metals, coupling gamma spectrometry and tomography, and handling of large. highly active components.
The topics that were highlighted in the gap analysis and may be reformulated into the PREDIS project tasks, were e.g. decontamination, characterisation and conditioning of metallic waste; feasibility, versatility, sustainability and disposability of liquid organic waste treatment methods and processes as well as materials (in particular geopolymers); waste inventory and characterisation of solid organic waste, their thermal treatment , the durability and stability evaluation of the conditioned wastes under disposal conditions; and for concrete packages and monitoring, the topics included e.g. parameters to be measured by sensors, use of digital twin technology for measured data and possibility of joint demonstrations of certain sensing systems from other EU projects. The majority of outcomes from the gap analysis will be taken into account for the update of the project plan (Description of Action) for the rest of the PREDIS project, with regard to the RD&D activities of the tasks within the different work packages.
3. STRATEGIC RESEACH AGENDA DEVELOPMENT ON PRE-DISPOSAL ACTIVITIES
A universal strategic research agenda (SRA) and roadmap on pre-disposal waste management issues will be invaluable to the predisposal community: visualising the overall scientific-technical state-of-the-art, the state of knowledge, research needs, needs for and access to guidance, competence needs and tools for knowledge transfer, through the different phases of a radioactive waste management (RWM) programme. For this reason, the development of the SRA is a crucial strategic activity within the PREDIS project. The SRA/roadmap will be vital for identifying future work programme priorities (RD&D, strategic studies and knowledge management). It is also the tool for identifying and structuring expert support and the activities of communities of practice for different predisposal fields. 
As a first step towards this goal the project team has identified the organisations responsible for waste streams, who have an inherent interest in improving pre-disposal waste management activities. Therefore, PREDIS project established a wide opnw pre-disposal stakeholder community, including utilities, nuclear facility operators, decommissioners, and waste management organisations. PREDIS will be in close dialogue with this user group throughout the development of the SRA. 
The on-going work on the draft strategic and research agenda focuses on the consolidation of the existing published SRAs of major European stakeholder groups (e.g. SNETP, EURAD) where available and describes the scientific and technical domains and needs of common interest in pre-disposal. The draft SRA as baseline to be published by September 2021, after which the dialogue for further development will take place through stakeholder engagement. The final (and more extensive) pre-disposal SRA will be published later in the project, spring 2024. It will be an informative long term, future focused SRA based on a holistic lifecycle philosophy, of both relevance and use to the European Commission and stakeholders. Key interfaces for pre-disposal issues and SRA development are
the legacy waste owners, nuclear operators, and decommissioners, who are the inputs to the pre-disposal waste management operations,
waste treatment and waste management research organisations, who strive to treat the waste (pre-disposal) and develop new treatment technologies, implementing the waste management hierarchy, 
waste management organisations (WMOs).

The first consolidation of SRAs for baseline PREDIS Strategic Research Agenda was published in August 2021 [5].
Knowledge management 
The main objectives of the PREDIS project’s knowledge management (KM) activities are to develop and transfer knowledge and competence on pre-disposal across Member States’ national programmes and to ensure knowledge transfer to future generations. The knowledge management activities are planned in strong cooperation and alignment with EURAD to ensure coordination and optimisation of the outcome. The work focuses on the development of a Knowledge Management Programme (KMP) aligned with the EURAD State-of-Knowledge (SoK) collection and the implementation of training and mobility programmes.
Development of the PREDIS KMP aims to complement the activities undertaken within EURAD by extending them to the field of pre-disposal of radioactive waste. This task is pivotal as Knowledge Management activities will have different strategic importance and end points for different communities (e.g. waste generators, WMOs, research entities, etc.). The authored SoK documents by pre-disposal RD&D WPs will govern which type and methods of activities (with respect to training and mobility) will need to be planned and how complementarity with EURAD Knowledge Management activities can be achieved. A mapping is underway of existing knowledge management programmes within the waste generator community and within international organisations like IAEA, NEA/OECD or SNETP focussing on pre-disposal activities. The needs from the waste generators as the end user (or learner) community is also being assembled for the Knowledge Management Programme. Mapped trainings and learners needs will be matched to identify training gaps, which depending on priorities and urgency could be supplied by PREDIS.
PREDIS will support the EURAD Strategic Research Agenda (SRA) under “Theme 2: Radioactive waste characterisation, processing and storage (pre-disposal activities) and source term understanding for disposal” in particular, and the collected SoK will be integrated in the EURAD´s Roadmap. The PREDIS project will develop and populate the EURAD roadmap on pre-disposal implementation steps starting in autumn 2021. The pre-disposal theme is divided into planning, implementation and operations. These sub-themes cover all aspects of pre-disposal and it will give concise information on e.g. inventory, WAC, characterisation, storage and quality and management systems, and it will include references to existing sources. The population of the Roadmap with SoK documents is targeted to be ready by end of year 2022.
One of important horizontal targets of the PREDIS project is setting up and implementing training and mobility programmes, which bring newcomers and new generations excellent opportunities to acquire the level of knowledge needed to develop their professional careers in the pre-disposal topics of radioactive waste. For the training programme, a mapping of existing and present training programmes targeting pre-disposal activities within the community of waste generators, as well as survey on needs to develop new training, have been performed. The training activities will cover the topics of the pre-disposal theme of the EURAD roadmap, and the training will be in most part open to the whole community. The detailed training programme is being developed with the prioritisation of the topics based on the observed needs. The Mobility Programme is developed and will be implemented according to the defined specific needs and requests that arise within the PREDIS project [6]. The PREDIS mobility grants are allocated to the PREDIS partners, but mobility visits, both short and long, can take place also to other organisations.
TECHNICAL INNOVATIONS IN PRE-DISPOSAL 
The PREDIS driver is to improve the efficiency of radioactive waste pre-disposal activities. The project’s concept is to identify where technologies can provide significant impact on optimisation of operational and long-term safety. As described above this has been implemented by surveying end users about their priority needs, soliciting suggestions from the research community at large, and narrowing the focus to address technical innovations that would have the greatest impact on a European scale for radioactive waste generators and owners. 
The project framework 
addresses varying waste streams with selected innovation activities. These innovations have range in Technology Readiness Levels (TRL), and thus we are covering the spectrum from both idea to application, low to high TRL, and from lab to market. The outcomes of the project will within its focus areas support increasing safety, reducing costs, reducing final hazardous material volumes and improving waste management practices in view of final disposal. These benefits will impact radioactive waste generators, infrastructure owners, the environment and society as a whole. 
3. Innovations in treatment and conditioning of metallic waste streams
The objectives of the metallic waste streams work package are to minimise the amount of metallic waste to be disposed of in disposal facilities, by allowing more efficient clearance and recycling through new and/or optimised treatment and decontamination processes, and more efficient characterisation of the metallic waste. This will contribute to the development of a new reference, stable and safe solution for the storage and final disposal of metallic wastes, (including reactive metals, such as aluminium and beryllium); and we will estimate the potential scale of the opportunity to optimise the management of European metallic wastes, including through quantification of the benefits in economic terms and application of the waste hierarchy.
The research activities so far, include preparation of representative surrogate samples for optimisation of decontamination of Ni-alloys and steels. Furthermore, laboratory techniques were developed to prepare contaminated metal samples with oxide-layer for the optimisation of decontamination technology [7]. Furthermore, effluent treatments and residues conditioning will be performed with the objectives of waste minimisation and cost reduction while taking into account the waste acceptance criteria.
Innovations in treatment and conditioning of liquid organic waste streams
For liquid organic waste, the PREDIS project aims to investigate and develop innovative direct conditioning solutions by implementing geopolymers and related alkali-activated materials as mineral binders; fulfilling technical and economic requirements related to radioactive liquid organic waste (RLOW) leading to final waste with properties and performance compatible with the safety and technical requirements related to disposal but also suitable for prolonged storage and transport. Disposability assessment and demonstration is a key issue and challenge of this work package. In particular, the applicability of the direct conditioning route according to RLOW radiological categories (very low level waste – VLLW; low level waste/intermediate level waste, short-lived - LLW/ILW-SL; intermediate level waste, long-lived - ILW-LL) and according to the nature of disposal facilities (near-surface and/or intermediate-depth and/or geological) will be investigated and analysed.
In addition to technical innovations, this work package will collect and review waste, regulatory, scientific and technical data, and perform a preliminary technical, economic and environmental analysis by ensuring information and data exchange with strategic assessment, collecting data requirements for life cycle assessment and economic assessment and generating and transferring work package output data necessary for life cycle and cost assessment. 
In this work package, laboratory work has been carried out e.g. to study the geopolymer formulation without RLOW to select the reference formulation to be tested with the addition of different surrogated waste, to assess likely the RLOW loadings for the tested organics and to find the most suitable geopolymer formulation to later incorporate RLOW [7].
Innovations in treatment and conditioning of solid organic waste streams
The work on solid organic waste targets to demonstrate the reliability of alkaline binders for conditioning of residues and secondary wastes, which originate from treatment of radioactive solid organic waste (RSOW). PREDIS project studies alkaline binders, both cementitious materials and novel materials like geopolymers, and will demonstrate the matrix performance of conditioned final or ultimate waste according to a set of uniform waste acceptance criteria (WAC). PREDIS will also build further on the achievements and deliverables of the THERAMIN EU project, which successfully completed in May 2020. Hence PREDIS project targets to improve the understanding of the materials inventory before the thermal treatment and of the reconditioned wastes once the conversion and immobilisation has been achieved. Verification of thermal treatment methods target to a significant volume reduction of waste and safe reconditioned waste packages, and the results will be deployed for utilisation by end users.
The solid organic waste work package has contributed to the gap analysis like the other work packages and is building a database on solid organic waste forms and their final state and value assessment analysis. It has continued the strategic overview of the RSOW initiated during the THERAMIN project at the European level. PREDIS will enlarge the current database to include the theoretical composition of the treated wastes (raw materials) and the corresponding final composition of the reconditioned wastes in their final form. On the scientific development, work will include the thermal treatment of the radioactive waste forms and characterisation of the treated / reconditioned wastes, immobilisation of the treated wastes by geopolymer or cement-based materials encapsulation or by molten glass coating, research on densification of waste form via simple compaction or with hot isostatic pressing (HIP), and physico-chemical characterisation of reconditioned waste form and stability testing. [7]
Innovations in handling, pre-disposal storage and monitoring of cemented waste
For the cemented waste and monitoring work package, the objectives are to compile information about the state of the art of current methods and procedures for cemented waste management with specific focus on monitoring/long-term storage; to identify, evaluate and demonstrate store and package quality assurance (mainly non-destructive evaluation NDE) and monitoring technologies; adapt, develop and demonstrate digital twin technology, methods for data handling and a digital decision framework. Identification of opportunities for increased store automation, reducing human exposure to radiation and options for post treatment of packages and potential approaches to improve package design, construction and maintenance are also addressed in the PREDIS project.
This work package has compiled a state-of-the-art report, which covers current packaging and storage systems, including input on wastes encapsulated using magnesium phosphate cements, geopolymers, and other cement-based materials, monitoring and data collection systems, store management procedures, waste acceptance criteria (WAC) and the use of digital twins for continual system assessment in particular when combined with decision frameworks [8]. It will also provide necessary data for the strategic environmental and impact assessments. Information on a variety of methods from non-destructive evaluation such as ultrasonics, RFID (radio-frequency identification) based sensors and muon tomography that are crucial for characterisation of cemented packages, digital twin technology and modelling of characteristic degradation processes together with an advanced data management have been gathered into the State-of-the-Art (SotA) report. [7].
Summary
The four-year EU project PREDIS ‘Pre-Disposal Management of Radioactive Waste’ gathers 47 organisations from 17 countries focussed on developing and improving, treatment and conditioning methodologies and processes for wastes. Technological innovations for metallic, liquid organic and solid organic waste as well as cemented packages and monitoring are being developed through the collaboration of PREDIS partner organisations. The technical focus areas of the project were selected in active dialogue with relevant stakeholders, especially the end users including waste management organisations. Within the project, the focus areas and relevant topics on pre-disposal have been re-assessed by extensive gap analysis engaging the PREDIS End User Group, cooperative organisations and other interested stakeholders to further align the project activities to cover the real needs of the end users. PREDIS project will support the wider ‘waste managing’ community by developing the strategic research agenda on pre-disposal activities and strong cooperation with on-going EU project, EURAD EJP in particular, creating joint knowledge management activities.
ACKNOWLEDGEMENTS
The authors would like to thank the PREDIS Management Team and all partners for contributions in the project, which supported the paper. PREDIS project has received funding from the Euratom research and training programme 2019-2020 under grant agreement No 945098. The authors would also like to thank Timothy Schatz, VTT, and Alan Wareing, NNL, for their contributions on the Gap analysis and the SRA.
References
EURAD Theme Overview 2 Prediposal, EURAD project (2021). https://ejp-eurad.eu/publications/theme-overview-ndeg2-predisposal 
SCHATZ, T., Gap Analysis, Deliverable 2, PREDIS project (2021). https://predis-h2020.eu/wp-content/uploads/2021/06/PREDIS-D2.2-Gap-Analysis_Final_2021-05-31.pdf
MARTIN, O, author. Al Mazouzi A, Bruna G, Reese S, editors. NUGENIA Global Vision. Brussels (Belgium): Nugenia. JRC96613 (2015)
JOPRAD D4.2 Draft Programme Document  The Scientific and Technical Basis of Future Joint Programme on Radioactive Waste Management and Disposal, Deliverable no 4.2, JOPRAD project (2017). JOPRAD_WP4_D4.2_Programme_Document_Draft_v0.7_Consultation.pdf
WAREING, A., Draft Strategic Research Agenda on pre-disposal, Milestone 6, PREDIS project (2021). https://predis-h2020.eu/wp-content/uploads/2021/08/PREDIS-T2.2_Baseline-SRA_M2.3_August-2021.pdf
HAVLOVA, V., Priority list and mobility formats, Deliverable 3.6, PREDIS project (2021). https://predis-h2020.eu/wp-content/uploads/2021/06/PREDIS_D3.6-Priority-list-and-mobility-formats-FINAL_2021-05-31.pdf
OKSA, M., HOLT, E. editors, Proceedings of the Second PREDIS Workshop May 2021, PREDIS project (2021). To be published in September 2021.
URAS, S., State of the Art in packaging, storage, and monitoring of cemented wastes, Deliverable 7.1, PREDIS project (2021) https://predis-h2020.eu/wp-content/uploads/2021/05/PREDIS_WP7_D7.1_V1_SOTA_2021_04_14.pdf
	

	



Example paper.docx



9
image1.png
Mean Priority Score

Solid Organic
Wastes

Cemented
Wastes

§ \\\

A
N N ES
Liquid Metalic  Graphite
Organic Wastes Wastes

Wastes

high

medium

low

lowest

not a priority





image2.png
Innovative R&D Approaches

Low & Intermediate Level Waste Types

Liquid

Metallics Organice

Solid
Organics

Cemented
Waste




