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©PREDIS

Objectives of Predisposal themed projects

Waste Prevention

cessscstcna o
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Q
g Waste Minimisation
"o
o
o
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n 0
Planning & preparation Treatment & packaging Storage Disposal E .
e
- Waste management - Sorting & segregation - Raw waste storage - Landfill E._J s
strategies - Size reduction - Conditioned waste - On-site E .
- Waste management - Decontamination storage - Surface o
plans -Treatment— - Buffer storage - Near surface .
- Waste characterisation thermal/chemical/physical - Decay storage - Geological : Disposal
- Waste inventories - Conditioning/immobilisation .
- Packaging .
Waste management life cycle NDA (UK). Radioactive Waste Strategy September 2019,
e P - N > V. Online.

OECD/NEA (2020), Optimising Management of Low-level Radioactive Materials and
Waste from Decommissioning, NEA No. 7425.

"y This project has received funding from the Euratom research and training
x o * programme 2019-2020 under grant agreement No 945098. 17/09/2022 2
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©PREDIS

EURAD Themes PREDIS Theme

2. Predisposal

1. Programme Management

2. Pre-disposal

Inventory WAC
. ; Technol lecti Waste hi h
3. Engineered Barrier Systems Bl (s iiad EEEREEEY
Implementation
4. Geoscience Characterization Treatment processing
= e - Conditioning Storage
5. Design & Optimization
Storage Transport
. itng & Licensing
Quality Management Optimization
7. Sﬂfet'f Case Secondary Waste Management

hittps://www.ejp-eurad.eu/roadmap https://predis-h2020.eu/roadmap-and-e-learmning-material/

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098.




©PREDIS

PRE-DISPOSAL MANAGEMENT OF RADIOACTIVE WASTE

N @{"

(-7

47 partners Aim: Identify, develop and improve  gnqorsement and close interaction
17 countries innovative technologies in pre- with SNETP-Nugenia, IGD-TP,
25 End User Group members disposal radioactive waste IAEA, NEA, EURAD
management
¢ M ; @é
%
Total budget 23.7 M€ 4 years Detailed info:
EC contribution of 14 M€ Started Sept 2020 htps://predis-h2020.eu/

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098.




PREDIS
PROJECT OBJECTIVES

Low & Intermediate Level Waste Types

] | 2 Tt

Characterisation & classification of waste

i | T 1|

g 3 g & 1|

Modelling & Performance evaluation of new solutions

: B & 1|

Environmental & economic evaluations

L A A A p

Innovative R&D Approaches

Develop solutions (methods, processes, technologies and
demonstrators) for future treatment and conditioning of waste
across a number of Member States, for which no industrially
mature or inadequate solutions are currently available,
improving safety during next waste management steps

Improve existing solutions with safer, cheaper or more effective
alternative processes where they bring measurable benefits to
several Member States

Analyse criteria, parameters and specifications for materials and
packages with associated Waste Acceptance Criteria (WAC) for
pre-disposal and disposal activities, supporting homogenisation
of waste management processes across Europe

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098.
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©PREDIS

Key Performance
Indicators in DoA:

Target to increase

metrics each
period

-Table 1.1. Key Performance Indicators (KPIs)

disciplinary and multi-
scale scientific
approaches to
demonstrate the new
solutions

1.4.2 examples), WP4-7

Project’s specific KPI as measure of success Targets, by project end
objective
Applying multi-  |Increase of TRL and innovations (see Table 1.5, Section  |At least +1 TRL level increase

for 10 or more innovative
solutions

Technical/scientific journal publications (open access)

At least 25 submitted

Generate invention notifications (pre-patent)

At least 4 submitted

Addressing project
drivers from the end
users’ point of view

Participation of industry to EUG

At least 20 at start, 30 by
project end

Demonstration or trial deployment of new technologies
(WP4-7)

At least 3 by EUG members, in
different Member states

Adoption or refining of national WAC based on project
guidelines (WP2)

At least 8 EUG members
implement

Fostering deeper
cooperation between
experts from many EU
Member-states

Engagement of other countries, beyond PREDIS
membership

Participants from at least 5
other countries to workshops

Individual subscribers to project newsletter (WP1)

At least 200, from over 25
countries

Training new experts (Number of PhD and Postdoc students (see Table 3.4¢) At least 15
m t,he field of pre-  INymber of mobility between partners (WP3) At least 20
disposal waste — .
management Number ::)f training modules produced (WP3), in At least 6
technologies cooperation with EURAD
. ~ |Producing cooperative deliverables with EURAD At least 5
Updatllng Al g Completed feedback from EUG for SRA (WP2) At least20
pre-digposal guiding
documents Project feedback from EUG members at annual workshops|Average score 7 out of 10

(survey questions)

*F o

*

*

*

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098.
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®PRED|S PROJECT STRUCTURE

- European
, Commission

/ WP1 Management (VTT)
Chair (Coord.) &

Representative from

WP4 Metallics (IMTA)
each partner

i
v
WP5 Organic liquids (CEA)

i —
x— —
]

P3 Knowledg\é management
(JRC)
N
EURAD project (ANDRA)

N

WP6 Organic solids (SCKeCEN)
10
\/

WP7 Cemented wastes (BAM)

Chair (coord.) & WP
leaders

End users and external
stakeholders

354 persons (Y1)

=
/ WP2 Strategy (NNL)
\
-
g
(w
\

Female 135 =38 %
Male 219 =62 %

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098.
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Details on strategic and

@ P R E D I S technical achievements are

profiled in symposium posters
and i.e. at EURADWASTE’ 22

Achievements to-date (Month 24, 1.9.2022)

* Web page and three newsletters, see https://predis-h2020.eu/

* 17 public deliverables/memos, free to download from Publications page, including key items:
* International approaches to establishing waste acceptance systems (D2.4y, in WP2)

» State-of-the-Art in packaging, storage and monitoring of cemented wastes (D7.1, in WP7)
* Baseline SRA on predisposal waste management issues (Milestone 2.3) and Gap Analysis (D2.2)
* PREDIS contribution to EURAD Roadmap as SoK guidance: “Theme 2 Overview: Predisposal issues ...”, September 2021

e 15 public webinars and discussion groups, with over 1500 participants, see Events page

* First public free online training course held June 2022, student training session in CZ September 2022.
Registration for 21-24 November training on waste characterisation (ENRESA, Spain).

* Activated 22 mobility grants so-far, including 3 supports to Ukraine partners (6 months each)
* Young Generation (student) group established, currently with 35 persons

* Excellent technical process — laboratory studies, modelling, baseline parameters established, etc.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 17/09/2022 8




€PREDIS SWOT Analysis — Month 18 (Feb 2022) by MT

- Excellent Consortium: positive/cooperative atmosphere, - Large project organisation (communication needs)
high commitment/engagement, students - Limited inter-WP exchanges
- Stakeholder/EUG/IAEA cooperation and outreach - Need more input from waste generators, WMOs
- Scientific excellence, multidisciplinary, experience - Lacking face-to-face (f2f) interactions
- Streamlined organization issues - Gathering commitment and value for all in Strategy (WP2)
- Communication (webinars, workshops, newsletters) and Knowledge Management (WP3) activities
- Embracing online digital world with best practices - Diversity of partner roles

- Creating good impacts to wide international community

- Technical development achievements and impact for - Covid-19 pandemic continues
stakeholders/EUG - Are we doing the right thing?

- Exchange of best practices, real-world cases - Overload of activities (too full of Calendars)

- Wide outreach with communication tools, f2f events - Lack of end-users feedback/inputs

- Cooperation and future together with EURAD (SRA - Expectations for PREDIS by external groups

influence for future EC call)

Note — blue font items indicates similar to EURAD comments (other presentation)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 17/09/2022 9




©PREDIS

SVAFO,

: A . Fennovoima,
EUG Status
.‘ SKB, -
Idaho National & ! Sweden F?rtum,
Laboratory, » Finland
United States ) . : L
Currently 25 members within End User SN Vattenfall, TVO,
" ) £ Sweden Finland

Group (defined as waste generators, &

waste management organisations) Stusvik, |

/ ‘ Sweden

Additional 15 of our 47 partners are ALSO
End User Group qualified

LLW Repository
e . . . N Ltd, United —
Additional interest parties (i.e. researcher, A I COVRA,

s H Netherlands \
rsetgulators, civil society) are part of the -U;E';CO o . NIRASIONDRAF,
akeholders group United Kingdom Belgoprocess, Belgium
ENGIE SA, L
Open to have more members - - please Belgium SURAO, Czech ‘, Chornobyl
encourage your national key organisations ' - BN . NPP, Ukraine
to get in-touch (register via project Py = - 1;IURAM,
webpage) ‘ France o ;

ARAO,

ITER, . ’ Eloyenla E
France o ¢

Campoverde { o
srl, Italy . | SERAW,

This project has received funding from the European Union’s Horizon 2
research and innovation programme under grant agreement No 94509t
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Cooperation Examples

= Memorandum of Understanding (MoU) signed with:

= EURAD EJP
= MICADO project
= ERDO WG

= Joint webinars (i.e. Digital Twins — February 2022)
= Common platforms and protocols for training, mobility

= EURAD - Joint presentations and posters for conferences, like
|AEA waste management & EURADWASTE’22

= EURAD Joint statement on Knowledge Management — example
of common “position papers”

PLEIADES and HARPERS under discussion
(SHARE project was not done, as project was ending 2021)

PREDIS

JOINT STATEMENT ON KNOWLEDGE MANAGEMENT

Knowledge management is critical to ensure safe and efficient radioactive waste management over the whole
lifeeycle. When all stakeholders actively contribute o knowledge management. the whole international
programine will be more suecessful.

EURAD being approximately at the mid-tenn of its Programme while PR.ED!S is appruml:mk the first year
anniversary & a project, both decided 1o tssue a joint statement on Knowledge (KM progress.
The goal of this docurment is to reinforce the comupson objective that drives the KM work in both projects and to
offer 1o the community an overview of how KM-tasks are approached and share main achievements and plans
for the future.

Kaowledge {including knowledge lidation) is ized a2 a key pant of the Radicactive
Waste (RW) implementation process and has gained increasing interest

The European Commission is eneours, KM, through the Waste Dircetive’, for more progness of EU Membier
States” pmplementation of teeir RW disposal programmes. The main reasons for the imponance of KM are the
RW disposal impl i nes, disposal operation time spanning a number of decades and the complexity
and variety of fields. Each individual phase of a RW management program from waste generation through
processing, disposal and repository closuse, will require muumuuu-. RD& D du..]upmmi with ingproved process
understanding (iventory, handling, 1) elbemical and
pliysbcal mteractions, lon n evolution of the L-nurmum-uul -.), that will ru.muu- knowledge base needed
for waste proccessing, packaging. storage and then repository coum:un::bm. operation and closure licenses, These
long implementation time-spans (in the mage of hundreds of years) require a robust KM programme, which
includes the securing of gaimed knowledge. forecasting the necds to pass it over for several generations. This.
there is a high motivation for logical and sustamable KM structures populated with publicky svailable, consistent,
rransparent and up-to-date evidence-based state of knowledge, which is necessary 1o cvaluate the waste
disposability, prediet the behaviour of a disposal, with relatively simall uncertaintics_ on time scales of 10° to 107
years.

KM is challenging but with EURAD and PREDIS we have great potential for success through access 1o experts
with many decades of RWM experience and knowledge.

Maln acl

evements

*  Developmoent of 2 Goals Breakdown Structure EURAD Roadmag, complemented by
dnput from PREDIS on Predisposal sctivitices.

»  Publication of & wide range of KM-related documents such as Theme Overviews {top
level documents of the EURAD Roadmap), Staic-ofthe-Arns reports. glossary compiling
most-relevant predisposal terminology (10 be released in awiemn 2021) and initiation of
experts authoring State-ofF-Kpowledge documents.

*  Creation of the School of Radioactive Waste Managernent, elaboration of trainimg
catalogues

*  Joint amd di ination with stakeholders via webinar events, that also foster
knowledge sharing and training (i_e. on waste acceplance criteria topics)

of mebility in both EURAD and PREDIS.

Contributing nuthors: Tarn BEATTIE (EURAD PMO. TBEnvironmental), Paul CARBOL (EURAD PMO.JRC), Enka
HOLT (MREDIS Coondmator, WTT). Tobias KNULTI (E| DWP11 Co-Leader, BGE ) Maria OKSA (PREDIS
Coordimator, VT T) Lowse THEODON {EURAD Coordinator, Andraj

Version: 1.0 11 October 2021

hitps./ feur-ex suropa.eu/Tegal-content/EN/TXT/ Turiscalex®IA3201 1LD070
ELRAD project bas received fundng om e Eurcpean umen's horizon 2020 rmsearch and Innavation programee 2014-2048 under grant
agreamont mBATESG
PREDES projst h a ELIRAT and training programeme 2018-2020 under Grant agreemert nI45008

€ PREDIS

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098.

17/09/2022 11




©PREDIS

Technical Updates: Status to-date

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 17/09/2022 12




@PRE[" S WP2 Strateqic Studies

* Main Objectives: To enhance the strategic implementation of the outputs of PREDIS

and focus future predisposal collaborative programmes through extensive engagement of
stakeholders across member states and international bodies.

* Achievements to-date: | A 2 “
 End User and Stakeholder groups established. ‘
* PREDIS Gap Analysis performed and reported.
* Baseline Strategic Research Agenda published. @PREDl @PREDl

* Review of International approaches to establishing Waste Acceptance Systems.
 Lifecycle assessment protocols defined.

* Next steps:

* ‘Position paper on EURAD SRA’ to PMO, ready by 30 September 2022.

* Further stakeholder engagement and development of the PREDIS SRA. Public @PREDl Sits PREDI
Webinar scheduled for first week of November 2022

e Publication of PREDIS SRA in March 2023 (final update by summer 2024).

* Guidance document on wasteform characterization and qualification on-going.

* Lifecycle assessment case studies ongoing (webinar targeted within 6 months).

Milestone M2.3
Baseline Strategic Research Agenda
20.08.2021 version 1

Deliverable 2.4
International approaches to
waste acceptance

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098. 17/09/2022 13




PREDIS
SRA (Deliverable D2.3) Development Timeline

Drafting Wider Engagement

08/22 09/22 10/22 11/22 01/23 03/23

< Rationalise Feedback and Reviews >

Engage EURAD
colleges, IAEA, WENRA

Composing Draft EURAD 15t Draft of Final Draft of
chapters of 1+ position paper updated SRA updatfad SRA
draft of ready to Public Submitted
updated SRA socialise Webinar
SRA updated after WP
conclusions, summer 2024
Pk This project has received funding from the European Union’s Horizon 2020

i research and innovation programme under grant agreement No 945098.



©PREDIS
Development steps of the SRA

Story so far...

e Consolidated a baseline SRA (published Sept 21)

* Developed and delivered a survey to the PREDIS End Users group (April 22)

* Survey opened up to the wider PREDIS stakeholder group (May 22)

e Consolidated results (Spring 22)

* Delivered a series of Focus Sessions on the top topics with interested parties (Summer 22)

Next steps...

* Draft socialisation specific stakeholder groups, i.e. Engage EURAD colleges, IAEA, WENRA
* PREDIS SRA agenda item at targeted webinars and events (Oct 22-Mar 23)

* Feedback update (Oct-Dec 22)

* Revised final draft of updated SRA available (Mar 23)

* Final SRA update after conclusion of WPs (summer 24)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 17/09/2022 15




©PREDIS

Drivers and respondee organisations

Planning

DRIVERS
Societal Actor Specific Scientific Financial
) protection of . processes, . .
. . economic renewal " public trust & improve competence & . science & . . .
Technical Topics citizens & products & N networking innovation revenue & turnover investment
& growth y confidence N performance  skills development technology
environment services

Inventory

Waste Acceptance Criteria

Technology Selection

Cost Estimating

Funding

Waste Hierarchy

Implementation

Characterisation
Treatment Processing
Conditioning & Packaging
Storage

Transport

Deployment Options

Operations

Quality & Management Systems

Commissioning

Optimisation

Secondary Waste Management

Management of R&D

Knowledge Management

stakeholder Engagement

= Waste Management
Operator

= Waste Generator

= Regulator

= Research
TSO

= Government

= Other

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098.

17/09/2022 16



PREDIS

Top technical topic areas

Please select the five most important topics for R&D fr

Inventory

Waste Acceptance Criteria
Technology Selection
Cost Estimating

Funding

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 17/09/2022 17




@PREDl S WP3 Knowledge Management

©rRrEDIS

° M M O b . t M o Newsletter £3 November 2021
a I n J e C I V e S L] From this newsletter going forward, two students will present themselves so that readers will get to know them

and the work they will perform in the frame of PREDIS.

» To develop and transfer knowledge and competence across Member
States national programs
« To preserve knowledge transfer to coming generations.
* Achievements to-date:

* Webpage focused on Knowledge Management launched
e Learning by playing — 2 releases

rough this multi-partner initiative, there will be more collaborative opportunities in 1
r 0

a better access to knowledge. She is looking forward ta seeing how the next chapters

* Roadmap — 1 Theme Overview + 2 Domain insight docs under development
* Training: 11 webinars + 3 courses scheduled in 2022

e 36 students — KPI = 15; students group founded

* 14 Mobilities accepted (4 finished) - KPI = 20

e Join statement on KM with EURAD — High cooperation between projects

* Next steps:
e To continue sharing knowledge, namely in a joint effort with EJP EURAD

2. Pre-disposal

11
f
§§§

=  For more information, see also poster at IGD-TP Symposium

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098. 17/09/2022 18




@PREDlS WP4 Metallic Wastes Management

* Main Objectives:
* Develop innovative characterisation techniques for metallic wastes.
* Demonstrate innovative techniques to decontaminate metallic wastes.
* Develop treatment techniques for secondary waste streams.
* Develop innovative conditioning matrices for reactive metallic wastes.

* Achievements to-date:
* Decontamination techniques based on chemical solutions and gel-based
treatments are being optimized.
e Parameters for gamma spectrometry measurement have been optimized
for classification of waste streams.

* Mg-phosphate cement (MPC) formulations and costs are being optimized.

* Next steps:
e Select methods for waste streams treatments.
* Apply life Cycle Analysis for decontamination techniques selection.
* Qualification of optimized MPC formulations

Pristine and oxidized

Stainless Steel (316-1.4571)

Decontamination of metallic waste
using gel-like compounds

Corrosion tests in mortar under

saturated conditions

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098.

17/09/2022
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@PRE["S WPS Liquid Organic Wastes

* Main Objectives:
* Implementing geopolymers and related alkali-activated materials as mineral
binders
* Development of direct conditioning solutions for RLOW from TRL 3 to 6
 Fulfilling technical and economic requirements related to RLOW

* Achievements to-date:
* Description of RLOW inventories at European level and selection of reference
wastes
* Selection of 3 reference geopolymer formulations based on metakaolin, blast
furnace slag and a mix of raw materials, showing high waste loadings

* Next steps:
* Robustness and optimization experimentations on the 3 reference formulations
* Selection of one most promising geopolymer matrix
* Durability testing campaign under various conditions
 Life Cycle Assessment (LCA) and LCC (Life Costing Analysis) process

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098.

17/09/2022
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PREDIS WPS6 Solid Organic Wastes

* Main Objectives:

Propose innovative solutions for the management of problematic RSOW

after thermal treatment and demonstrate the reliability of alkaline Simulated operational
binders (GP, PC) for the conditioning of the treated wastes waste / IER
* Achievements to-date: ¥\
Incineration

* Current actions and next steps:

Optimization of the treated waste loading in GP or PC, up to 25 %
Technology transfer from Liquid to Solid waste (Molten Salt Oxidation)

Promising immobilization of ashes whatever the process with significant
volume reduction factor (e.g. possible CEA patent: Molten glass coating)

Upscaling the Wet Oxidation route (treatment of 20 g of IER -> 1 kg)

Successful HIP immobilization of treated wastes at lab scale

After immobilization, the stability and the durability of the reconditioned
wastes are tested (leaching experiments, irradiation, ...)

Upscaling the HIP technology

LCA / LCC

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No 945098. 17/09/2022 21



@PRE["S WP7 Cemented waste handling & pre-disposal storage

» Sensor prototypes » Simulation software » Radio Frequency ldentification « Data Platform
* Mockup designs » Monitoring concepts + Digital Twin concepts » SRA contributions
Ve h
\’/ Uni PISA: Micro gamma

and neutron sensors,
to be integrated into a
Radio Frequency

Identification (RFID) unit
for identification
] INFN: Scintillating Fibre Gamma Ray /
sensor, simulation for a cracked cask

and measurement
= * {SI Simulation/Digital Twh
® prototypes. Early-stage demo:
\ digitaltwin.geoml.eu

SCK.CEN, MAGICS: Monitoring ASR
%evelopmem‘ in samples using Acoustic Emissioy

+
=Te

INFN: Muon BAM: RFID unit to be implemented —

tomography of inside the package: delivers e

metallic objects temperature, humidity, pressure ot

in a concrete |

block =

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No 945098. 22




©PREDIS

Impacts toward Disposability, IGD-TP Vision 2040

Addressing minimization of waste streams, applying waste hierarchy
Improvement of knowledge on waste acceptance criteria, and impact of waste
forms and their packaging to disposability

Integrating holistic approach to consider economics (life cycle cost) and
environmental impact (life cycle assessment) quantitative assessment to new
solutions, to aid decision makers

Gaining insights on digitalization tools for monitoring and performance
assessment (digital twins)

Competence development, training and knowledge capture for Member States
and next generation of experts

Studying innovative routes for specific wastes conditioning (e.g. RLOW) for
storage and disposal

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 9/17/2022
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©PREDIS
PREDIS Summary

Project is on-track, making great impacts and wide engagement
Welcoming of additional End User Group and Stakeholder members

Already cooperating with EURAD in various ways, ready to merge within a
EURAD-2 future joint partnership programme (Core Group representation)

Have reflected on strengths and lessons learned, acknowledging how to move
forward together for project great impacts and Member States’ benefits

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 945098. 9/17/2022 24




