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Abstract

This Programme Document sets out the scientific and technical basis of a future Joint
Programme on Radioactiv&Vaste Management andisposal. In its current form, it is a
deliverable ofthe E© T o wa r d Progamndeoon Radioactve Wafsposal- JOPRADD

project and represents the views of JOPRAD ppaatits on research, development and
demonstration (RD&D) priorities considered as suitable for Joint ProgrammivegJOPRAD
Projectwas established in 2015 with the objective of completing initial preparatory work for

the potential setting up of Joint Pragiming on radioactive waste disposal, the scope of which

has since broadened to cover radioactive waste management and disposal so that it also captures
related predisposal actiities.

To obtain the support of the wider European Radioactive Waste Cayiiei contents herein

wil be disseminated and the draft document made avaiable for open consultation during March
T April 2017. Finalisation and issue to the European Casimisis expectedby the end of
November 2017. After this time, it is anticipdtehat this Programme Document (in its final
form of a Strategic Research Ageidail be taken over ¥part or wholy by those responding

to the European Commission EURATOM H2020 Call (WP2018) in the form of a Joint
Programre Proposal.

JOPRAD participantsinclude a sukset of European Radioactve Waste Management
Organisations, Technical Support Organisatign&kesearch Entities and Ciil Society experts,
representative of the Actor Groups mandated to conduct or manage RD&D in relation to
Geological Dispodeaof Radioactive Waste. To identify the RD&D priorities of common interest
between the JOPRAD patrticipants and Actor Groups, an open and transparent process has been
used and the reasons for selection/rejectiopoténtial activities fully explained.
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Glossary

ALARP As Low AsReasonably Practicable

BENIPA EC Project- Bentonite Barriers in Integrated Performance Assessment

BAT Best Available Technology

CARBOWASTE | EC Project- Treatment and Disposal of Irradiated Graphite and Other Carbona
Waste

CAST EC Project- CArbon-14 Source Term

CatClay EC Project- Processes of Cation Migration in Clayrocks

DSRS Disused Sealed Radioactive Sources

EBS Engineered Barrier System

EC European Commission

EC DGRTD European Commission Directorate General for Researchnandation

ECVET European Credit systemfor Vocational Education and Training

EDZ Excavation Disturbed Zone

EJP European Joint Programme

EURATOM European Atomic Energy Community

FEBEX EC Project- Full-Scale Engineering Barrier Experiment Grystalline Host Rock

FORGE EC Project- Fate Of Repository Gases

GDF Geological Disposal Facility

Gen IV Generation IV reactors

HLW High Level Waste

IAEA International Atomic Energy Agency

ICRP International Commission on Radiological Protection

IGD-TP Implementing Geological Disposal Technology Platform

IKMS Integrated Knowledge Management System

ILwW Intermediate Level Waste

INES International Nuclear Event Scale

IRS Incident Reporting System

JOPRAD EC Project- Towards a Joint Programme &adioactive Waste DisposRioject

JOPRAD Partners Organisations who are part of the core JOPRAD Project guuugracted to the EC

JOPRAD Organisation who have been involved in the JOPRAD Project.

Participants

JPNM Joint Programme on Nucledtaterials

LAP Less Advanced Programme

LLW Low Level Waste

MELODI EC Project- Multidisciplinary European Low Dose Initiative

MoDeRn EC Project- Monitoring Developments for SafRepository Operatio and Staged Closur

NEA Nuclear Energy Agency

NF-PRO EC Project- Near Field Processes

NTW Nuclear Transparency Watch

OECD Organisation for Economic Goperation and Development

RD&D Research, Development and Demonstration

RE Research Entity

SITEX EC Project- Sustainable network for Independdiichnical EXpertise

SKIN EC Project- Slow processes in cloge-equilbrium conditionsfor radionuclides in
water/solid systems @élevance to nuclear waste management

SNETP Sustainable Nuclear Energy Technology Platform

SRA Strategic Research Agenda

THMC Thermal Hydro Mechanical and Chemical

TSO Technical Support Organisation

URL Underground Research Laboratory

WIPP Waste Isolation Pilot Plant

WMO Waste Management Organisation
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1.l ntroducti on

1.1 Joint Programming on Radioactive Wabtanagementand Disposal

The overall aim ofhe Joint Programming process is to pool national researchs,effdrere
the potential for collaboration is identifiedn the field of radioactive wastemanagement and
disposal the benefits of this intiative are fivold:

1. To improve the effectiveness in the use of Europeasearch, development and
demonstration (RD&DYesources to tackle common chalenges in key greas

2. To demonstrate scientific excellence through the use of internationally lelsiéingper
Stateexperti® and facilties;

3. To develop knowledge management tools, strategic studies, good practice, and transfer
of knowledgeto ensure that the knowledge that has been generated over the past decades
in waste management and disposal RD&D, as wel as experience the
implementation of disposal pgrammes, is appropriately distiled, documented,
maintained and kept accessible for future generations of experts

4. To supportthe development of radioactive wastanagement andisposal capabilities
in Member State with LessAdvancedProgrammes(LAPs); and

5. To promote the accessibility of information and to imprdie involvement of Civil
Society.

A driver for moving towards Joint Programming is Direct®811/70/EURATOM( t he MfAWast e
Di r e ¢ twhioch eaind toestablish a Community framework for the responsible and safe
management of spefuel and radioactive waste][TThe Waste Directive reaffrms the ufimate
respnsibility of Member State for management of spent fuel and radioactive waste generated

in their respective countries. This includes establishing and maintaining national policies and
frameworks, and implementing 8 polcies by establshing and impleniéng National
Programmes. The activities within the forthcoming Joint Prograenrprovide support for
implementation of the Waste Directive with respect Bgpertise and Skils (Art. 8),
Transparency (Art. 10) and R&D (Art. 12.1(f)).

1.2 The 6 T o wa rJains Programme on Radioactive Waste Disposdl OP RAD 6
Project

Theé6 Towards a Joint Programme-JORRRREd i wRa ©f iexcd
established in 2015 with the objective of completing initial preparatory work for the potential
setting up ofJoint Programming oradioactive wastedisposal the scope of which has since
broadenedo coverradioactive waste management and disposal so that it also caelates
pre-disposal activities.Such Joint Programming would bring togethat the Europan level,

those aspects of RD&D activitieequired within national research programmes where synergy

from Joint Programming has been identifiefDPRAD brings together a sglet offnationally
mandat ed in eseardhr @\Waste Management @ganisations ( i WMQ3,s (@))

1 http://ec.europa.eu/research/era/wjsait-programming_en.html

2The WMOs are represented in the JOPRAD pro#'ect through the Implementing Geological Disposal Technology
Platform (IGDTP) which is the body in charge of coordinating RD&D needs of the ingrlésns of geological
disposalat the European levbttp://www.igdtp.euy
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Regulatory Technical Support Organisations ( fi T ST samil) (i) Research Entities
( A RE sTle)three steps of the project are:

1. Engaging Member States onJoint Programming: Considering the central role of the
governmental body to implement the Council Directive (2011/70/Euratom) in their

respective countries, and in collaboration with the EC, JOPRAD has sought to engage

in discussion withMember State 6 r e p r e s aerttoadevelop easpproprate o r
joint programming management structuréne intent is that this wil faciltatéNational
Programmes to finance and caayt actvities jointly wherethere wil be added value
at the European levecompared with conductinghe activities at the national level

2. Building on Existing Networks, Programmes and Initiatives to Bring Clear Added
Value: Identifying existing (or developing) research programmes or research agendas
that could contribute to the identification of commaniestific objectives and actiities
that t he @ man doaévelog in thec Joit Pregbammei s h

3. Agreeing a Longterm Common Vision, Strategic Research Agenda and Roadmanp:
Drafting of ai Pr o gr a mme (thiso documanth tproviding thecientific and
technical basis for the development awordinated programmes focused on agreed
priorities ofcommon interest betweaWMOs, TSOs and RESThis is complemented
by areport entitled iSettngUp a European Joint Programme on Radioactve Waste
Management and Disposaldo which willdl be

In this document, we refer to three different groups as part of JOPRAD: the JOPRAD Partners,

the JOPRAD participants and the JOPRAD WG4 membiérs.JOPRADPartnersinclude the
folowing organisations

Andra, France;

Bel V, Belgium;

CNRS, France;

CVREZ, Czech Republic;

IRSN, France;

Joint Research Centre, European Commission;
MCM Environmental Services Ltd, UK;
Mutadis, France;

Radioactive Waste Management Limited, Wiap
Strao, CzecHRepublic.

=4 =4 8- _9_9_95_9_2_-2-°

The JOPRAD participants refer to ather organisations have also been vedlin different
Working Groups througlout the JOPRAD ProjectThe JOPRAD WG4 members athe
organisations involved in the formation of this document, as part of tRRAD Working
Group 4, are listed in Appendix 1.

3 The TSOs are p esented, in the JOPRAD project through the SITEX [{sgedittp //3|te><pr01ect ey/ The )
term ATechnical Support Organisationo : gener.i
functlono as defined by SITEX members, |.e. carr

scientific bais for notably supporting the decisions made by the national regulatory body

y

pu

c t
i no

4 REs in this contex may be nationally funded research agencies and research institutes. Their needs are

coordinated within JOPRAD by the French National Centre for ScientifieseBrch (CNRS) (see,
http://mwww.cnrs fr).
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1.3  Scope of Joint Programmingonsidered by the JOPRAD Project

The JOPRAD project has considered actvitis Joint Programmingthat arerelated to
geological disposal of spent fudligh level waste (HLW) and intermediate level waste (ILW).
The waste classification is based on the IAEA guidaf&jevhereby:

1 Spent FuelSpent nuclear fuel contains significant amounts of fissile material, other
actindes and fission products. When gpeal is removed from a reactor storage
pools, it wil etther be reprocessed, stored for long periods of time, adeced for
geological disposal;

1 HLW: wastes with levels of activity concentration high enough to generate significant
guantities of hedby the radioactive decay process or waste with large amounts of long
ived radionuclides that need to be considered in the design spa@sdl facility for
such waste; and

1 ILW: waste that, because s content, particularly of long lived radionuclides,
requires a greater degree of containment and isolation than that provided by near
surface disposal.

JOPRAD also considerbroaderwaste management aspects linked with the dispofséhe
wastes,including®:

1 Radioactive wast@re-disposal actvities,such & wastecharacterisation, treatment and
packaging; and
1 Interim storage and transport of radioactive waste

The scope isnecessarily broad, covering predominantly scientific technical studies(i.e.
implementation driverRD&D, technology or engineerinRD&D). Also consideredwithin the
scope is the development of anintegrated Knowledge Management Syst¢i{MS)
incorporating crossutting issues, such as letggm knowledge management, guidance,
srategic studies, and knowledge transferApplied multtdisciplinary studies with Civil Society
aspects have been considered.

1.4 Participants in Joint Programming

Joint Programmingis intended toengage aB Eur o p e a programmeedwner®® and
fprogramme managers . At t he hipghoegsrta mme v eolwnefitstbe ar e t
nationalregional authorities in chargé the setting up of the national programmeddressed

in the WasteDirective. In te JOPRADproject, where the technical part of the research and
development programme asst®h with the national programme is considered, the

Apr ogr amme ownerso and fAprogramme manager so
(Amandated actorso). T hey D&2 roe radioactiva nwasten g an
managemeniand/or disposah their respective countries

Prior to the start of the JOPRAD Projedhe Joint ResearchCentre Institute forTransuranium
Elements (JRATU) carried out a study based on avaiable public information in order to
identify in the 28 EUMember State (@and Switzerland) the governmental bodies (e.g.
ministries), the waste management organizations, and the other entities currently funding R&D
on radioactive waste management, along with their respeRd&D objectives. This activity

5 JOPRAD did not considee.?. transmutation, neaurface disposal, decommissioning, environmental
remediation etc. This does notforeclose extension of the scope in fututr®dugramming.
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was continued by the JOPRAproject by contactingwith the help ofEC Drectorate General
-RTD (Research and Innovationyervice$ the Member Statsd European Atomic Energy
Community EURATOM) Delegates to the FissioBommittee £].

Identification of nationdy mandated actors (eered to hereafter as Actorsyas based upon
information provided by national authorities (authoritative sources) such as the latest Joint
Conventiofi reports that were drafted and published byNtember State for the 2012 review
meeting of the Contrang Parties, and the NEA/OECD country reports which disseminate
information provided by national authoritiegctorsfall into three categories(il) WMOs (ii)

TSOs, and (ii) nationally funded Bsinvolved in theRD&D of radioactive waste manageme nt,
under the responsibility dhe Member State

In addition, different Interest Groups have been identified during JOPRAD. These include
LAPs, Civil Society’ andWaste Generators.

It is noted thathe distinction between TSOs and REs in sewstammber States is a somewhat
grey area as severResearch Entitieslso fuffil (at least partially) an expertise function in their
country and therefore also meet the conditions associated with theofeafisT S O 0 .

JOPRADpartners(through the European Commisgjohave beemsked tdiaise with Member
Staterepresentative ©n theobjectives of thepossible Joint Programming.Member State are
expected to mandate the organisationiso may take part in Joint Programminé Mid-Term
workshop was held in Prague ingiember 2016 tprovide a forum for discussion amongst the
decsionmakers of national research programmes ackbssber State and the European
Commission on the different options for jointly establishing and implementing a Joint
Programme. The Member Sates representatves and their identified programme
owners/managers wil also be indteto the JOPRAD final workshofn November 2017 in
Prague

1.5 Vision for Joint Programming

A Vision statement fodoint Programming on radioactive waste management and dispbaal
beendevelopedby JOPRADpatrticipants:

AA step change in European collaboration towards safe radioactive wastagement and
disposal through a credible and sustained science and technology programeniedastutual
understanding and trudt which includes

1 A consensus programme betwetechnical support organisations, implementers and
researchers throughout the decades covering the development paratioo of
radioactive waste management aligposalfacilties;

1 Enhancing the understanding tbé risks and uncertaintiesind

1 Ensuring societal visibility and transparency of researdevelopment and
demonstration

6 Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management:
the Convention calls for review meetings of Contracting Parties. Each Contracting Party is required to submit a
national report teach review meeting that addresses measures taken to implement each of the obligations of the
Convention.

" Civil Society here is a group of representatives of the European Civil Society Organisations. The group is a
gathering of 35 organisations from d8ferent countries in Europe.

8 Waste Generators have been identified within JOPRAD as an Interest Group, and have been engaged via
dissemination and consultation activities.

Paged © JOPRAD
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1.6 Boundary Conditions and Strategic ObjectMes Joint Programming

A number of boundgrcondttions and strategic objectivelsave been derived from the JOPRAD
documents outiining th&ey priorites of WMOs, TSOs and Research Entifiés5, §:

1 Maintenance ofindependence- Itis possible for differentActors with different roles
to work together, without prejudice to their own role in the systélmst important is
thendependence bet ween the fiexplenitds) ané func
t he Ai mpl ement i ng Diferem cpariies fVBMOs( antdVSDy in
particular) can have common agreement of what RD&D should be done and how, and
can colaborate in the oversight of that research, but must take their own view on the
interpretation of results and data generdtégl

1 Transparent Govermancei A transparent, balanced and efficient mode of governance,
taking into concern all participants (including Civil Society) is a prerequait@int
research between WMOs, TSOs arigsR

1 Scientific Excellencei RD&D activities shall focus on achieving passsafety(safety
of a disposal faciity is provided for by means of passive features inherent in the
characteristics of the site and the faciity and the characteristics of the waste packages,
together with certain institutional controls, particularlyr gurface facilities[8]) and
reducing uncertaintieshrough excellence in scienceResearch actionsreguided by a
long-term vision, as requied by the European Commissighy;

1 Balanced Programme i Recognising tat different Member State have a wide
variance in the status of their National Programrige scope should support both
advancd and less advanced programmes;

1 Added Value - Ensumg that Joint Programming providereal added value (e.g.
improved financial arrangements improved stakeholder aggtance of outputs, are
robust RD&D outputs, etc.Administration costs should not exceed a clearly defined
maximum percentaggincluding ongoing legal, EC admin., etc.) versus money spent on
the scienceand demonstration €.g.administrationshould not exceed 10% of total costs
and should preferably be lower);

1 Equitable Financing - Financial costs (financialdkind) should be equitabje
participantsshould contributewhat they can afford, or what they consider imasctheir
interest in a prect;

1 Complementary Participation i Participation in Joint Programming is complementary
to RD&D activities which will continue to be undertaken nationally or jointly outside
of the auspices of JoiRrogrammingwhere required;

1 Tangible Results- The scopds appropriately prioritised and focused on the objective
to achieve tangble results within a reasonable time boundary. A key aspect is that
participants recognise that Joint Programming distinct changdrom past work (and
other collaborative working) oradioactive waste management geological disposal.
Translating the societal chalenge of radioactive waste management and disposal into
operational realty requires the generation of new knowledgenbined with the
maintenance and transfer of existing knowledge.

1.7  Status of ts ProgrammeDocument

This Programme Documenpredominantly comprises &Strategic Research Agend&RA)
presented in Sectios. It incorporats the priorities of common interst betweenVMOs, TSOs

PagelO © JOPRAD
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and REs and forsnthe scientific and technical basisafture Joih Programra. It represents
a5-10 yearsnaps h o ttirde’. It imforeseen as an input to the setting up ddint Programm.

This Programme Document hdmeendrafted within the JOPRAD rBject Working Group 4
participants and has beedisseminatedto the Actors whose input so far is the basis for the
present draft. In th next stepthe Programme Document is disseminatedofagn consultation
via publication onthe JOPRADweb page. The Programme Documentl be presented at a
workshop on 4" Apri 2017 in London. The final documentvil be finalised following
comments from theonsultationand is scheduled for issuing to the European Commission in
November 2017

9 Although it is noted that a Joint Programme may run for longer than this.
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2.Actors and I nterest Groups

Geological disposal of spent fuel aRlW has been the primary focus of EU funding under

the EURATOM Research and Education Programme over the past decades. EURATOM
funding was initially based around RD&D contracts on safety issues and underlying science
with single research organizations. Goweege was achieved through the setting up of
contractual arrangements with consortia of research organisations and extending the scope to
include the direct involvement of stakeholders in geological disposal prdjectiser progress

was madewhen WMOs orgnized themselves into the Implementing Geological Disposal
Technology Platiorm (IGBEIP), providing advice on the content of the calls through their
Strategic Research Agendd| and Deployment Planip]. In parallel, an independent network

of TSOs, theSustainable network folndependentTechnical EXpertise (SITEX) was formed

in order to ensure independent technical expertise in the field of safety of geological disposal
of radioactive waste. SITEX have now developefihal version of their SRA as inpub tthe
JOPRAD project5]. In addition, as part of the JOPRAD project, a network of REs has been
established and they have developed an SRA defining their specific research needs and
priorities [6].

The role ofActors and Interest Groups in developiige JOPRAD programme documerénd
potential participation in Joint Programmirgydescribed in Figure. Within JOPRAD, aspects
reflecting interests of Civl Societyave been identified by experndwere introduced to the
project via the TSO SRA (SITEX)which specifically considered stakeholder engagement,
recognising the importance of addressing social diz@n sciences in research programmes
dedicated to radioactive waste managemdmta future Joint Programme, the mechanism for
explicitly incorpording Civil Society LAPs'O and Waste Generator inputould be made via
external stakeholder groups dedicated Interest GroupAi presentit should be noted that
they have not been comprehensively considered ddednglopmentof the JOPRAD SRA.

Within the JOPRAD project, the WMOs, TSOs, REs and Cvil So@epertshave identified
scientific and technical activities that they have prioritigedividually in their different SRAs

as suitable for Joint Programming, as wellcessscutting activities. These inputs were then
jointly considered and prioritised as a basis for this docunasdescribed further iBection

4. The expectations and priorities of the different actors are also addressed in detail in the
AConditions for i nprneme nfti ng a Joint Progr

10 A special role will be given in Joint Programming to knowledge transfer from the more advanced to the less
advanced programmes. Besides technical/scientific knowledge, experience gained by some countries in setting
up decision making processes is of ingdrén particular, how to ensure the development and maintenance of
necessary skills and the establishment of safety approaches to builsldﬁ%tﬁ case [10]. Thengagement of
Iéeoslsfsa_dvgncr(]ad programmes in Joint Programmirgg the mairobjective of the Rgional Meeting held in May

in Bucharest.
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Figure 1: Scope and patrticiparts of the JOPRAD Project (left),scope and anticipated participants of the Joint Programme(bottom
right), and outline of a Future Joint Programme (top right).
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2.1  Technical Support Organisations

The general objective of SITEX is to develop, at the international level, high qualty and
independent expertise in the safety of geological disposal of radioactive waste. The objective
of the SRA produced by SITEX [4] is to identify and prioritise the needs for competence and
skils development of the expertise function, at the internationaltr@ng&uropean level. This

was based on a transparent methodology anéstako consideration the different states of
advancement of geological disposal programmes and the concerns of the Civil Society. The
scope of the SRA covers all the topics relevant to the expertise furetid®Os, namelyto

assess whether geological displ facilities are developed and wil be constructed, operated
and closed in a safe manner. Therefore, topics related -tamquepostclosure safety as well as

to the technical feasibility of geological disposal are considered most important.

The scope bthe SITEX SRA includes aions dedicated toadioactive wastgre-treatment,
treatment, conditoning, as well as transport and storgigeh impacs on the safety of
geological disposal faciities. However, the first version of the SRA is specificadlysdol on
disposal in underground facilities. Since predisposal management of radioactve waste and
spent fuel is considered as a key main topic by TSOs, associated topics were also identified in
the framework of the JOPRAD project for inclusion in the Rrogne Documenfl11].

The independence of the regulatory function calls for the support of an independent expertise
function that develops and maintains the necedsaowledge and skils in the field of nuclear
safety. The e x P&Dr dbjecives méayu differ t froro thdse addRted by the
WMOs. However, there are activities of interest to the expertise functions that otwerap
significant extentwith the RD&D actvities performed by the WMOs.

The regulatory function (safety authorities, reguiRto supported by the expertise function
(technical support organisations, universities, research institutes, commercial organisations),
assesses the safety case prepared by the operators and regulates the development, operation and
closure of disposal fadies.

2.2 Research Enkis

The goal of the RESRA [6] in European Joint Programming is to develfpngterm vision
onan integrated fundamental scientific understanding for all concepts relategidisposal of
long-lived intermediatelevel andhighly radioactive waste and spent nuclear fuegaological
disposal facilitieswithin Europe including all aspects of storage, transport and final disposal
European Joint Programming must therefore aimupport bothadvanced and less advanced
Europan RD&D progranmes, throughscientific excellence and leading edge research on basic
components and generic process@be outcomes wil beoriented towardsdeveloping
understanding and tools which can be appledanalysing the evoluton of complexsite
specific systemdn supportof longterm safety?.

Through this goal,ndividual Member State wil be supported in providing assurance to the
expert community, Actors involved in the implementation of geological disposal projects,
decision makers and timublic, that geological disposal of radioactive wastenderpinned by
the best science available at the tilREs consider first and foremost safety from a scientific
technical point of view, and contribute to a scientific assessment basis that s @aiidbsound.
The REs SRA may be useful for individualMember State and research orgsaions when

UThroughout thisedmcaméet y ool opténn safetylingludingeefiveonreental o | o n ¢
protection.
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deciding upon their own B&D programmes. For Joint Programming thesRERA has been
usedas a basigo identify common R&D issues between WMOs, TSOs aris

2.3  WasteMaragement Organisations

The I mplementing Geol ogical Di sposal of Radi
TP6s) work is driven by ten waste management
share acommon vision thatb y  2he f&sh geolagical disposal facilities for spent fuel, kigh

level waste, and otherloAgi ved r adi oactive wast e isidnl be o
2025).

The IGDT P 0 s Y%iRRamed at identifying the main RD&D issues that need a coordinated
efiort over the next years in orderdchieve Vision 2025. The SRA did not identify a need for
cooperative work omesearch and othdopics such as siting or radioactive waste inveptor
evaluation, as these areas are advanced in programmes close to mgtleme Nevetheless,
experienced feedback from such work represents a vital link between the programmes closest
to licensing and those which are currently at earler stages in their geological disposal
programmes.

Because théGD-TP SRA identifies the &y topics of RD&D that have the greatest potential to
supportgeological disposaimplementation through enhanced cooperation in Europe, it also
provides valuable inpuin identifying topics for future calls for proposals issued by the EC
framework programe. The SRA is wel suited to this role as many of the topics have been
established collectively through discussions among many European WMOs and are of interest
to IGD-TP members. Indeed, th&D-TP SRA is focussed on developing areageblogical
disposl faciity safety and technological development throuf combined use of resources,
which represents major objective of the EC framework programme

The IGDTP SRAwas created with the intent efeaing synergies, ceperation and co
ordination, both internally between the IGP participants and with external activities that
take place in other technolpglatiorms and within other international dor

The state of development of the waste managemergrgmme is not homogeneous amongst
Member States some countries aet orclose to license application such as, Finland, Sweden
and France and at the opposite end of the disposal spectrum there are sevekédmbmwy

States whose deep geological disposabgrammes are in the very early stages and no
systematic research programmes exist (such as Croatia, Giedge Lithuania, Poland,
Romania, Slovenia, Slovakia). The disposal concept is only generic and in most of these
countries needs updating, takingto account the current soesconomic context.The
exceptions are the Czech Republc and Hungary, which have already initiated siting processes.

2.4  Cuwil Society

The so®-poltical dimension is a critical aspect to the successful implementation of safe
radioactive waste management and dispdsalk t he cont e xQvil Sofcithiyd prs
defined as a group of representativef the European Ciil Society Organisations (CSOs),
involved in radioactive waste management activities at EU or national level. This group has
interacted with JOPRAD participants throughout the project via Working Group 3. It represents
35 organisationsirom 18 countries in EuropeThis Civil Society group has been assembled
under the auspices of the Working Group for Radioactive Waste Management of the Nuclear
Transparency Watch (NTW) network, in cooperation with MKG (Swedish NGO Office for
Nuclear Wast Management Review). Strengthening and maintaining a high level of nuclear
safety in Europe is a common concern for all members of this group without prejudice to their
position with regards tauclear energy
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Within the JOPRAD project, experts have beagaged to establish the expectations and views
of Ciil Society regarding the conditons and means for seffinga Joint Fogranme and
regarding its potential involvement in the governance of a future Joint Programme.

Within this Programme Document amttafting of the JOPRAD SRAsocicpolitical themes
proposed by Civil Society experts have been considered for inclusidditionally, potential
mechanisms for interacting with the Civil Society onittentified RD&D activities of common
interest betweeithe TSOs, WMOs and REs are identified A guide for the evaluation by Civil
Society of potential governance patierof RD&D for European Joint Programming on
Geological Disposal is being published through JOPRBZ). [
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.Int egrkKnoavtl Magea g eByesnte IM®f a future
Progr amme

The rationale for establishing and implementing an Integrated Knowledge Management System
(IKMS) for RD&D in radioactive waste management is fressingneed to ensure that the
knowledge that has been generatedr dlve pastdecadedn waste management and disposal

RD&D, as wel as experiencefrom the implementation of disposal pgammes is
appropriately distiled, documentednaintained and kept accessible for future generations of
experts 13]. In the manyMember Stats where implementation is not foreseen dmveral

decades to come, maintaining knowledgal access to knowledge at a European Bvelen

more critical in ordeto avodhavi ng to start nat i Ameledctiveact i vi
IKMS system wil lead to an efficient use of the RD&D resourcesharing andadvancing

exising knowledge rather than repeatedly recreating the same knowledge.

An IKMS will contribute to the responsible and safe manage mespeait fugl HLW and LW,
in paticular in view of the long implementation time schedules for disposal ofdnight waste
and spent fuel. This is also an important aspect ofMeenber State implementing their
obligations under the AWaste Directivebo

3.1 Components of th&KMS

At the outset of the JOPRAD Projedhei nc |l us i o+¢ utotfi négcdr ods st i vit i es
managed with an IKMS was identified as a potential objectiverecognising that such a
component of a future Joint Programme would need to be appropriately balanaetedgaated

with the core work of supported scientific and technical RD&D projects. Being needs driven,
scope considered for tHEKMS is necessarily focussed on what is achievable, practicable and
complementary to othelKMS activities ongoing within the choactive waste nmage ment
community (e.gscopeshould be complementary to the work of thecldarEnergy Association

or International AtomicEnergy Agency. The IKMS components of a future Joint Programme

aims todocument and manage:

1 The Knowledge generated by tiMdember State Actors from the past decades of
RD&D, including that conducted under the Euratom Research and Training
Programme; and

I The Knowledge to bgenerated within the forthcoming Joint Programm

It is considered that s an aim could be met by folkKMS components

1 Knowledge Handbooki establshing, documenting and updating te&ateof-
knowledge

Good Practices applying suficiently mature knowledge for generating guidance;
Strategic Studies think-tank activity toaddress insufficient understanding of actual
needs; and

1 Transfer of Knowledgd supporting training and dissemination activities

1
T

3.1.1 Knowledge Handbook

The web-based Knowledge Handbook is the core working tool for documggntlisseminatng
and communicatig thestateof-knowledge Preparatory work during JOPRAD has identified
two potential routes for establishing and dgting the Statef-Knowledge:

a) Experts setting up a proposal for RD&D project. As a preequisite, thestateof-
knowledg could beestablished for the corresponding Knowledge Handbook topics.
At the end of the project, andate is done.
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b) Experts establising or umlating the statef-knowledge for a particular topic. This
wil be the case, in particular where there isrnggrest expressed by the Actors to
establish thestateof-knowledge but where there is no accompanyin@&® project
scheduled.

A critical consideration for implementation would be managing the selection of contributors,
agreeing a Imitedwell-defined smpe, and enabling critical analysis. This would include
transparency and visibility with respect to critical comments and othes typadditions (open
publc welpage with the possibility to commentand aransparent review process for dealing
with suchcomments ife. clear governance and assurance scheme adopted to quality control the
outputs).

3.1.2 Good Practice

Good practices could be established wheresthteof-knowledg is considered sufficie ntly
mature and there is a sufficient level of commanderstanding. ® knowledge is then
transferred into guidae¢ ie. the application of then&wledge for a specific purpose is
documented.

3.1.3 Strategic Studies

Strategic studies are initiated in ordergree upon needs for futueetivities, includng further

specific thematic studies oCRD. Thi s may al so be am&«féeraetdi vtid
determine if there is a RD&D need on an emerging issue or if it is considered mature and
suitable for good practice.

3.1.4 Transfer of Knowledge

Trander of Knowledge includesllactvities where knowledge is transferredptmople resulting

in generation of competenc8&cope includes training, but should also elaborate upon additional
instruments for transfer of knowledge, such as the disseminatiomfoofation, online
material, presentations at wor kshops, procee

The key target groughould beprofessionad and experts involved iprogressingradioactive
waste management programmes. This includes ingokers, technicareview expertsand
researchers providing the underlying science and technology.

In addition, transfer of the knowledge and dissemination of the outcome to decision makers,
polcy makers and stakeholders should be considered. In this case, transldtieno@tome

to the needs of the recipients is required. The dissemination takes place mainly webthe
based IKMS and JP platform

3.2  Future implementation of tHliKMS component of the Joint Programme

Preparatory work has been carried out wihin the JOPRAD project to consider how
implementation of théKMS component of the Joint Programme could be practically achieved
[13]. The basis of this document is that te&MS activities are specified and mandgéy
supporting Actors, with the administrative framework provided and hosted by the European
Joint Research Centre (JR®yeparatory work (described further in Section 6) teuped Joint
Programme includes the formation of a dedicated working groughwtil continue to develop

the terms of reference for ensuring such knowledge management actvities are integrated
within the overall framework of the Joint Programme governance scheéammon topics of
interest for the IKMS area have been identifiedipiaing the methodology outlined in Section

4, and are described in further detail in Section 5.
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4. Met hodo liodgeyn tfiofryi ng the scientif]i
Strategic ReSRBRArch Agenda (

4.1 Introduction

Within Work Package 8f JOPRAD Working Goups were establshed for TSOs, WMOs and
REs. The work done here for the Joint Programming is based on the outcomes of these Working
Groups. he WMOs, TSOs, REs and experts from Cii Society hawegked together to
identify different activities that could be part afuture Joint Programen Within the differe nt
activities considered,the actorgarticipating in JOPRAD haviedicated theirpreferences and
priorities based on their own perceived needéthin Work Package 4 stepwise process has

been used to further define and prioritise the scientific and technical domains of common
interest which are proposed in tBérategic Research Agend&RA) contained in Sectior.

This has includecthe folowing Steps

1. Compiling Activities for Inclusion: Drafting a first compilation of combined actuities
suggested as table for inclusion withina potential futureJoint Programme A key
part of this step was to organisand coalescesuggestedactivities (identified from the
WMO, TSO and REspecific SRAs)into a suitable structure, considering the differe nt
types of activities suggested athe adopton ofa common terminology and appropriate
scope definitionfor a potential futuredoint Programme SRA;

2. Surveying Representative Joint Programme Actor Views: Elicting JOPRAD
participans opinions on theirpreferences and motivations for prioritising activities.
This was completed by issuing a comprehensive questionnaire of suggested actiities,
alowing JOPRADparticipants to comment and express views on actiities suggested
by all the Actor groupdor the first time

3. ldentifying Prionities and Activites of High Common Interest: Analysing the
guestionnaire responses to identify the themes with high comnterest and the
adoption of screening criteria used to prioritise what should be included in the SRA
This step included development of a methodology to ecbesk that all prioritised
activities met with theestablished boundary conditiorisr the dint Programme

4. 15t Draft SRA: Drafting a frst SRA with a clear description of prioritised RD&D
activities agreed and supped by al JOPRAD participants;

5. SRA Consultation and Finalisation: Consultation of the draft SRA within the broader
European radioage waste managemerand disposatommunity. Obtaining feedback
and enduser input to update the final SRA.

4.2  Step 1:Compiing Actiities for Inclusion

4.2.1 Scope of théOPRADSRA

As previously specified in Section 1.8 the activities suggestday the Actors participating
in the JOPRAD projecMOs, TSO and Es), the scope includes the followingechnical and
scientific aspects of radioactve waste managementl disposal,which are the focus of
Section5 (the JOPRADSRA).

1 Radioactive waste characterisation, treatment and packaging;
i Interim storage and transport of radioactive waste; and
1 Geological disposal ddpent fuel HLW and ILW2,

121n JOPRAD, surface disposalis not excluded, butit is assumed thatit does not require specific RD&D and can
be addressed withiKMS
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Sociopoltical themes hee also been captured within the JOPRAD SBAd are dis@sed
further in Section 6 Recognising the complex nature and dtexgn dimension of safe
radioactive waste management and disposal, successful implementation requires integration of
the technical and scientific baswithin a broader soaipoltical framevork. Therefore
dedicated themes have been identified consideation in the future Joint Programmehased
ontheir relevance to specific technical projects. Itis anticipated that the Joint Programme would
not include separate projects @ocio political themes, but that technical and scientific projects,
derved from the scope in Section rbay include specific tasks related to sqoatical aspects

if they are complementaryThis approach has worked wel in recent EC Projeetg. the
Moderr2020 projectwhich has included a specific work package on effectively engaging local
stakeholders ilRD&D on monitoring for geological disposal).

4.2.2 Structure and terminology of the SRA

To appropriately structure, group and communicate suggestectvities, they have been
categorised into three different levels:

1 Level 1 Strategic Themgs
1 Level 2 Domains
1 Level 3 SubDomains

To simplify this structure, all of the strategic themes, domains andi@ulins have been
numbered i.e. Strategic Themie Domain 3, Sulbomain 1 would be 1.3.1.

The definitions of the Strategic Themes, Domains and[Bubains are presented in detail in
Section 5.To avoid conflict with terminology used elsewhei@ with what might eventually
be used within He actualJoint Programme it was agreed to avoithe use of. Project; Dpic;
Task; or Area.

Within the subdomains identifiedin the JOPRAD SRAspecific activities indicated as being
0i mpl e me n toardfers doapplied rsgiemce and technological developmearitical for
implementing safe radioactive washanagement and disposals.

4.2.3 Compilation of activities suggested faridt Programmeby the WMO, TSO and RE SRAs

In the first instance the RD&D actvities suggested for inclusion within a futureing
Programme by each of the actors were compared, and activities of common interest between
the respective SRAs ¢f/o or more of the JOPRAD working groups used as the basis for a first
compilation @s represented by traarker centralshaded areas in Figu®. The actiities
suggested at this step totalled over 150 individuallyntiked RD&D needs or crossutting
activties Also included and considered was the inclusion of activitiesdeeeloped between

the SITEX working group and representatives oflC3@ciety, ensuring that those technical,
scientific or engineering activities with social science facets were accofamtexhd clearly
visible.
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Figure 2: Representation of common areas of interest for Joint Programming

As per the structure and definitions presented in Sedt2, this frst compilation of activities
was organised by strategic theme, domain aneldsubain with clear reference to eadi the
suggested activitiésorigin (i.e. the WMO, TSO, or RE SRAJhis processinderwentseveral
terations in successiv@Vork Package 4 meetings.

4.3 Step 2: Surveying Representativeind Programme Actor Views

Once the first compilation was prepared, it was recogrisgthe Work Package 4 Working
Group, that ths did not representreexhaustive list of all the potential actvities that could enter
into the scope of a potential futur@int Programme It simply indicated activities for which a
sufficient level of common interest has been expressed among the JOPRAD contributors.
Therefore, it was considered necessary to obtain broader ibyumeans of a questionnaire,
primarily to further refine the cmpilation, identify any gaps and understand individual
organisationd priorities against each activity.

A questionnaire was subsequently issued to each of the organisations involved with the original
WMO, TSO and RE working groupsind to all organisatins i denti fied as O6po
actorsdé within J O P. R AuD list V&b thekorganisatio@sr issued with the
guestionnaire is outined in Appendix Zhe questions were framed to understand each
organisationsown individual priorities ando establish:

9 Clear drivers for eacRD&D activity 1 if they consideredt implementatiordriven or
driven by undetanding of the scientifibasis;

1 WherelKMS activities would be beneficial

1 Timescales of interest high interest for 201:2024, or beyondand

1 Financial/inkind supporti their interest to participate by providing a financial
contribution or effort ikkind, versus interest in outputs without contribution @e.an
enduser)

37 indvidual organisations responded to the questionna@presenting @ European countries
in addition tothe EuropeanJointResearch Centr@JRC)
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Table 1: JOPRAD WP4 Questionnaire Responders (organised by country and type of

organisation)t3
Country Country WMO-Organisation TSO-Organisation RE-Organisation
Belgium BE ONDRAF/NIRAS BelVv SCK
Czech Republic (74 SURAO CVREZ CTU
Finland FI POSIVA
France FR ANDRA IRSN CEA; CNRS; UPMC; BRGM
Germany DB BfS; BMWi GRS HGF
Hungary HU PURAM TSE
Italy IT SOGIN Italia (~ 4Organisations)
Lithuania LT CPST LEI
Netherlands NL COVRA NRG TNO
Poland PO PGI
Slovakia SK DECOM
Slovenia SO ARAO
Spain ESP ENRESA CIEMAT CIEMAT
Sweden SE SKB
Switzerland CH NAGRA PSI
United Kingdom UK RWM
Total: 16 14 9 14

4.4  Step 3:ddentifying Priorities and Actvities of High Common Interest

The questionnaire responses were colieed sing the data and informatioreceived (and
after some merging of common topics), the compilation of a@Rities wasscreened using
the following method taentify priorities ando confirm the activitie sof high common interest:

1. The number of responder orgami sat i 6 mediiwnn
interest for the period 2018024 was totalled for each Actor grogpe. for TSOs,
WMOs, and REs

2. The OHighdéd and O6Medi umd weigheslsisinf@ascoredie act
1 for O6Higho6 &nahd ndbrmdlisedf to accodnMer dwtalimmber of
organisationswhich voted from each Actor Group. The scores from each Actor group
were then totalledresulting in a combined score for each actitfybetween O and 18
(O being lowest priority and 18 being the highest);

3. Using the range of-Q8, each activitywas subsequeptl rankedwith an overall6 L e v e |
of Common Interestdbf High, Medium, or Lowusing the following criteria:

1 >10High;
1 6-10 Medium
1 O-6Low.

Using thismethod, a total of ®actiities wereidentified ashaving aHigh or MediumLevel of
Common Interestwith 29 identifying ashaving aLow Level of Common Interest

Al of these have beergrouped into a hierarchy oftri@tegic Themes, [Bmains andSub
Domains and formsthe scientific and technical basis of the JOPRAD SRAcribed in Chapter

13 The scoring methodology normalises the scores related to the total number of responses by each Actor Group,
however here are some occasions of multiple organisations per country being taken into account. During this
consultation period, we expect organisations to respond with comments relating to the priority of the level of
common interest (for sudomains outlined inSection 5). At this stage, we may do a sensitivity study to
investigate the impact in terms of biasing the outcomes and will then consider and possibly modify the
prioritisation.
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5. An overview ofall 92 subdomains is provided in Chapter 5with the subdomains with a
Low Level of Common Interedlifferentiated by italcs and a grey background.

45 Step 4:1st Draft SRA

In addition to identifying the priorities and actvitiesf high common intexst, additional data
collected from the questionnaire vieabeen used toaVelop SRA subdomain descriptionsFor
each subdomain a table $ee exampldormat in Figure 3) is presented to communicate a clear
and concisescope definition of what is proposeatiuding additonal context and background.

Figure 3: Format and content of Sub-domain tables used in the SRA

XXX (Sub-Domain Number) SubDomain Title
Research Needs/Driver Background

Research Objectives

Implementation Driven \%
Transfer of Knowedge to LAPs \%
Lewvel of Common Interest

High V | Medium Low

4.6 Step 5:SRA Consultation and Finalisation

This Programme Document has been drafted within the JOPRAD prafecthas been
disseminated to the Actors whose input so far is the basis for the present dratft.

In this step,the Programme Document is disseminatedofmen consultation via publication on
the JOPRAD webpage. The Programme Documenmil be presented at a workshop 4hApril
2017in London.

The final document wil be finaed following comments from theconsultation and is
scheduled for issuing to the European Commission in November 2017.
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5. JOPRADrategic Research Agenda for
Programmi ng

Recognising the different types aftivities suggested and prioritisdry the WMOs, TSOs, and
REs for inclusion within the JOPRAD aiht Programme SRA, at the highest levelthree
Strategic Themes have been consideregach further sulivided into Domains and Sub

Domains.

The Strategic Themegl, 2 and 3 in bold) and Domains (bullets) are represented in Figure 4
below. For acomplete listof the SRA,including the strategic themes, the domains and the sub
domainsplease see Appendi.

In this Section, ach of theDomains are described in moretdi, including a list of the &-
Domains, their level of common interest, and their background, research drive/need, and
resarch objective outlined in the Sdibomain tables.

Figure 4: Strategic Themesand Domains of the JOPRAD Joint Programme
SRA

1. Building Understanding data, experiments, modelling, and
testing:

- Inventory, Waste Form and Waste Characterisation
- Waste Package

- Consequences of Storage

-NearField and Engineered Barrier Systems

- Gas Generation and Transport

-Radionuclide and Chemical Species Transport
-Geosphere

2. Building Confidence tools, assessment and
demonstration:

-Safety Case

- PostClosure Processes and Upscaling
-Numerical Tools

- Operational Safety

- Practical Implementation

3. Integrated Knowledge Management System
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5.1 Strategic Theme 1: Buiding Understanding
1.1Inventory, WastermandWasteCharacterisation

The nature and quantity of wastes for disposal, including their cheamchphysical form, their
packaging / conditoning and their radionuclide and chemical compositon are known as the
inventory for disposal. Improved understanding(ijothe inventory (i) the radionuclide source

term and (ii) more generally the evolutiom of the wastebehaviour throughout the planned
storage, operational and padbsure phases of a geological disposal facility lfecycle is
important bothfor designing the disposal atwlthe safety case. This domain comprises RD&D
associated with improrg this understanding(characterization, condiioning, treatment,
radionuclide source term, etcJhe subdomains are listed below, and thpesific scope,
drivers and background for each are providedh& subdomain tables belowThe level of
common iterestfor the subdomairs are shown in the Figure below.

1.1.1Inventory Uncertainty

1.1.2 Nondestructive Assay Testing

1.13 Nonmature and Problematic Waste Conditioning;
1.1.4 Radionuclide Release from Wasteforms other than Spent Fuel;
1.1.5Geopolymers;

1.1.6 Fourth Generation (Gen (IV)) wastes;

1.1.7 Chemotoxic Species;

1.1.8 Novel Radioactive Waste Treatment Techniques;
1.1.9 High BurrUp Spent Fuel Evolution;

1.1.10 Spent Fuel Release Processes;

1.1.11 Spent Fuel Fissie Content.

Figure 5: Level of Common Interestfor Inventory, Wasteform and Waste
Characterisation Sub-Domains

Inventory, Wasteform and Waste Characterisation
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1.1.1 Inventory Uncertainty

Research Needs/Driver

Improved understanding of those species
that dominate the transport, operations an
postclosure safety cases and targeted fit
for-purpose assay can enable cefi¢ctive

data quality improvements, providing

increased confidence in the safety case.

Background

Knowledge of the radionuclide and chemical inventory
(including metals and orgdc compounds) of wastes requirir
disposalin a deep geological repository is important for th
transport, operations and pedosure safety cases. Data
quality of waste inventories is often variable, with uncertaif
often dominated by waste heterogéndievertheless, in

Research Objectives
To identify good practice in the

management of the inventory for disposal

general only a small subset ofradionuclides will dominate
safety case. Furthermore, where sampling uncertainty is t
dominant consideration there is little benefit to be gained f
enhancing analytical accuracy. Therefore, daagnated
understanding of safety case requirements, inventory and
analytical techniques can provide significant benefits.

Implementation Driven

Y

Transfer of Knowledge to LAPs

Y

Level of Common Interest

High \%

Medium

Low

1.1.2Non-destructive Assay Techniques

Research Needs/Driver

Rapid assay techniques which
maintain waste package integrity ang
containment have the potential to
provide qualityassurance of package
being stored, transported or received
a GDF. Such techniques would not
expose personnel to additional dose
whilst providing reassurance that the
waste inventory is as stated in the
package description.

Research Objectives
To develop and demonstrate enhang
or novel nondestructive assay
techniques appropriate to radioactive
waste package quality assurance
measuremeniomplerenting
progress made in the EC CHANCE
project

Background

Non-destructive asay techniques could enable the rapid
characterisation of wastes prior to packaging, during storage, p
to dispatch to a GDF, or upon receipt at a GDResetechniques
could allow characteriation ofthe gammaadionuclide content,
fissile content, phisical and thermal characteristics of waste
packagesThe ECCHA NCE p r HAjaetaridatiom &
conditonedNuCl ear waste for its saf
selected for funding within the Euratom call H2020 20067. The
CHANCE project will starin 2017 for a 4year period. It aims to
address the specific issue of the characterization of conditioneq
radioactive wastethrough nondestructive assay. CHANCE
objectives areo:

1/establish at the European level a comprehensive understand
currert conditioned radioactive waste characterization and quali
control schemes. 2/develop, test and validate techniques alreag
identified thatcanimprove the characterization of conditioned
radioactive. These techqies are calorimetry, muon tomography,
and cavity ringdown spectroscopy for outgassing analysis.

EC Projects: CHANCE

Implementation Driven

V

Transfer of Knowedge to LAPs

Lewvel of Common Interest

High \%

Medium Low
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1.1.3Non-mature and Problematic WasteConditioning

Research Needs/Driver Background
The decommissioning of nuclear facilities across Europe will require tH Significant progress has beer
conditioning / packaging of a wide range of problematic wastes. made in the development of

Collaborative research and development and transfer of knowledge robust disposalconcepts for
between waste producers would enable the-effsttive development of | spentfuel, higHevel wastes
wasteforms appropriate for safe geological disposal. and many intermediate and

S low-level wastes. There is an
Research Objectives opportunity for the

To share best practice in waste procesginglevelop novel waste identification of good practice
conditioning / packaging approaches for problematic wastes betweerMember State where
Wastes that may require consideration include: sulphenased ion disposal concepts have been
exchange resins (which form expansive phases in cement)uhagle developed, however there is

pondsludgeshighly tritiated wasteshigh iodine129 containing wastes, | 5150 a need to develop novel
sealed sources, irradiated neutron reflectors and neutron sources conditioningtechnologies for

(containing berylium), nuclear fusion wastes, contaminated mercury, | proplematic decommissioning
plutonium residues, radium containing wast®m nonnuclear activities,

. . ; _ wastes.
bitumen sludges (swelling due to osmosis and radiolysis),
Implementation Driven \Y
Transfer of Knowledge to LAPs V
Lewvel of Common Interest
High V Medium Low

1.1.4Radionuclide Releasdrom Wasteforms other than Spent Fuel

Research Needs/Driver Background
To improve the robustness of the pa&isure safety case by increasing Theformulation of a
confidence in the understanding of the sotteren of a range of existing and| wasteform provides the
future wasteforms. first barrie
Research Objectives multi-barrier system of
Potential objectives include studies to identify the radionuclide release isolation and containment.
mechanisms and associated kinetics for the following wastes: Improved understanding o
1 \itrified waste (ILW and HLW)- release processes includrctuing, the radionuclide and
hydration under unsaturated conditions, interaction with surrounding | chemical species release
materials (carbon steel, corrosion products, con¢iretiiding lowpH kinetics would reduce

concretes)clay, etc), resumption of alteratiorinfluence ofirradiation on | uncertainty in the souree

residual alteration raténfluence of composition, congruency between | term of key specieis

glass alteration and radionuclide release; performance assessments
1 Metallic waste: corrosion of reactive metalsliiminium and magnesium | and would enhance

alloys, metallic uranium), influence of polymer degradation on corrosi{ confidence in GDF post

rate, galvanic corrosigrinfluence of water chemistry (chlorides, nitrateg closure safety cases.

sulphurspecies, etc.), biocorrosion; The EC CAST project
f High organiccontenwastes, includingbitumen sludgeand cemented (2013 March 2018)wiil
plutonium contaminated material; provide understanding of
1 Graphite: release of C14 (influence of surface to volume rtermal thelelsours:e ternfor
history and pH). graphite, activated metals

(Zircaloy and stainless
steel) and ionic excimge

resins.
EC Projects: CAST
Implementation Driven V
Transfer of Knowledge to LAPs V
Lewvel of Common Interest
High V Medium Low
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1.1.5Geopolymers

Research Needs/Driver Background

Due to the potential operational benefl| A geopolymer is an inorganic polymer made of long chains of
of geopolymers (low viscosity, aluminosilicates. They are formed by the diss@atof silica
environmentally friendly, low and alumina reactive powders into a high pH solution, rapidly

exotherm), there is a need to better | settingto form an attractive wasteform for radioactive waste
understand their performance in the | management. Geopolymers have similar chemical and physiq

context of geological disposal. properties to cements anvetar
Research Objectives Ordinary Portland Cement as they generate lessi€O

To develop an appropriate production and can utilise industrialdpyoducts such as Kaolin,
understanding ofthe radiolytic Blast Furnace Slag (BFS) and Pulverised Fuel Ash (PFA).
performance and product stability, ga§ Due to the initial formulation occurring in a liquid state, these
permeability, resilience to cracking materids display low viscosity prior to polymerisation. As a

from gas production, fire pfermance | consequence,they may be usedto flood grout large or compl
and longterm chemicalstability (leach | items or to achieve high incorporation rates of sludges and

performance) in the context of the slurries during ildrum mixing. Corrosion inhibitorsmay beused

disposalenvironment. in geopolymercompositions to improve their performances wit
regard to Hproduction.

Implementation Driven \%

Transfer of Knowledge to LAPs
Lewvel of Common Interest

High Medium V Low

1.16 Fourth generation (Gen (IV))wastes

Research Needs/Driver Background
Learning from previous nuclear power programmes | Research is ongoing into the next generation o
demonstrated that early and detailed consideration d nuclear reactors (supported in the EC by the

waste management and disposalis critical to the Sustainable Nuclear Energy Technology
technical viability and public acceptability of the Platform, the SNETP). The leading reactor
technology. designs are the Sodium Fast Reactor (SFR), th
— Very High Temperature Retor (VHTR), the
Fleszelch Qb zelies Lead Fast Reactor (LFR), the Gas Fast Reacta

To understand the nature and quantities of wastes (GFR), the Supe€ritical Water Reactor

grisin_g _from a fourth generatio_n of nuclear reactors, (SCWR), and the Molten Salt Reactor (MSR).
identifying challenges to the disposal of such wastes Although the quantity of radioactive waste
and enabling early feedback to reactor systemdesigl gonerated by these technologies will be less th
in order to mitigate associated risks. from previous geerations, its properties are
likely to differ from current wastes and may
present new challenges.

EC Project: SNETP

Implementation Driven \Y
Transfer of Knowledge to LAPs
Lewvel of Common Interest

High Medium Low \%
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1.1.7 Chemotoxic species

Research Needs/Driver

Greater understanding of the inventory and behavioy
of potentially chemotoxic species is necessary in ord
to provide confidence in the peslbsure safety case
and to enable appropriate packaging of waisdéerials
arising from current and future decommissioning
operations.

Research Objectives

To improve understanding ofthe nature and quantiti
of the likely chemotoxic component of common
decommissioning wastes.

To develop improved understanding of the fate of
potentially chemotoxic species within the engineered

and natural systems of appropriate disposal concepf

Background

Significant focus has been placed on
understanding the behaviour of radionuclides ir
the disposalsystemand the environment;
however, a range of chemical species (e.g. lea
mercury, cadmium, beryllium and organic
species) possessing varying degrees of
radiotoxicity may also be presentin the emplac
wastes.

Further understanding is required, particularly i
support of the disposal of intermediate and-low
level wastes, in @er to provide confidence that
the environmental and radiological impact of ar
release of thse species will be acceptable.

Implementation Driven

V

Transfer of Knowledge to LAPs

Lewvel of Common Interest

High Medium

Low

1.1.8 NovelRadioactive Waste Treatment Technigues

Research Needs/Driver

Radioactive waste treatment can result in
significant volume and/orhazard reductiamd
potentialcost savingsSuch processesanalso
provideamore stablalisposaimatrix

Research Objectives

This topic offers the opportunity extendthe
work which hasbeen started bMember Stats,
orwill enablefurther optimisation E.g.
concerning thermal treatments, common
interests will have been identified within the
THERAMIN project,providing scope for furthe
development. Similarly chlorine36 ingraphite
wastecould be removed promising laboratory
studies were extended to the pilot and
implementation scales.

Background

The management of some radioactive waste is still a
challenge, while for some othdifsere is the potential
for optimisation.This could includeoperational waste
by-products from existing processes (e.g.slugges
chemically reactive wastg graphite, etc. Radioactive
waste treatment processes could be applied on a wid
range of wastestreams and could provide benefits in
terms of Waste Acceptance Criteria, safety
demonstration, volume and hazard reduction and cog
savingsSometechnologiesould facilitate the
management of waste facilitate volume reductiore.g.
thermal treatment.

Some projectbavealreadybeencarried out on this
topic, and some are ongoireggg.EC CarbowasteEC
CAST andEC THERAMIN.

EC Projects: Carbowaste, CASTHERAMIN

Implementation Driven

V

Transfer of Knowledge to LAPs

Level of Common Interest

High Medium

Low
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1.19 High Bum-up Spent Fuel Evolution

Research Needs/Driver

In the long term, once the waste container fails,
highbumup can |l ead to a h
of those soluble fissioproducts which have not ye
decayed. This is less predictable, based onthe
fuel ds fission gas rel

Background

It can be desirable to increase the utilization of
nuclear fueko higher buraup for commercial
reasons. The main consequence of higheropris
to increase the fissieproduct radionuclide inventory
of spent fuel whilst modifying its physical structure

6instantd rel eas e-uafses.o

Research Objectives
To develop aimproved mechanistic understandiy
of the release of fission products from high bum
spentfuel to better predict the radionuclide sourg

term in postclosure safety studies. enriched.

such that porosity and volatile fissigumoduct
segregation tgrainboundaries is increased.

In general, high burup does not pose a greater
challenge to the likelihood of criticality, other than
the possibility that the initial state may be more

EC Projects: DISCO

Implementation Driven

Transfer of Knowedge to LAPs

Lewvel of Common Interest

Medium

High \%

Low

1.1.10SpentFuel Release Processes

Research Needs/Driver

It would be beneficial to consolidate existing understanding
spentfuel release processes in the leiegm post closure,
identify any existing knowledge gapsd develop improved
understanding ofthe behaviour of spent fuel in fire and impg
accident scenarios.

Research Objectives

To document the state of knowledge of letegm post closure
spentfuel release processes, identifying any knowledge gap
further work.

To develop understanding ofthe behaviour of spent fuel
contained in waste packages in a range of fire and impact
scenarios.

Background

Internationally, considerable effort has
been devoted to the lortgrm
consideration of fission product release
from spent fuel that may kseme expose
to groundwater once its container is
breached. Hence, for ligiwater reactor
fuel there is a good understanding.
However, for other fuel types and for th
consideration of releases due to
hypotheticalfire / impact scenarios
during the operanal (and transport)
phase further understanding would be
beneficial.

EC Projects: SFSMICADO, DISCO

Implementation Driven

Y

Transfer of Knowedge to LAPs

Level of Common Interest

High Medium

V Low
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1.1.11 Spent Fuel Fissile Content

Research Background

Needs/Driver Characterisation of spent nuclear fuel is required for safe and secure storagg
Quantification of disposal. The quantification of fissile materiaprimarily Pu239 and U235 (and
fissile content of U-233 for thorium fuel cycles) is necessary to addssfsguarding anctiticality
spentfuels. controls. Several methods and techniques exst to characterize the fissile con
Research Objectives | of spentfuels. The methoddiow the determination of the burnup, the total fiss
Improved content, the original enrichment of the spent fuel element as well as of the ty
understanding ofthe | fuel. There exist several nedestructive assay systems in use today which
characteristics and | primarily measure indirect signatures from spent fuel.

behaviour of spent

fuel.

Implementation Driven
Transfer of Knowedge to LAPs
Lewvel of Common Interest

High Medium Low V

Page31 © JOPRAD



JOPRADI D4.27 Programme document DRAFT V0.7

1.2Waste Package

A waste package (known also as a o6final wast
ready for the emplacement in a repository; it consists of conditoned waste put in a disposal
container and, in some cases, in an overpack.

The waste package & primary and principal element e engineered barrier systensed to
ensure operational and lonterm safety throughout the waste management process, starting
with its generation (waste conditioning), through transport and storage,thetivaste is
emplaced in a disposal facilitylt should providecontainmentfor a certain periodof time,
defined inthe safety case of a disposal facility.

The spectrum of processes and interactions to be considered in the waste package performance
asseswent is rathebroad andcoves wastecontainer, container EngineeredBarrier System
elements, and waste packdwest rock mutual interferences, as well as their cumulative effects.
When regarding thiengterm safety, feasible and watistrumented integraéxperiments and
associated models may provide for more realistic understanding effefgéasystem evolution,

as well as uncertainty analyses of the {telgn waste package evolution.

The subdomains are listed below, and the specific scope, driverdbackhround for each are
provided in the suldomain tables belowlhe level of common interesbor the subdomairs are
shown in the Figure below.

1.2.1 Damaged and Reorking Packages;
1.2.2Waste Package Interfaces;
1.2.3Akternative HLW/Spent Fuel ContaineMaterial Development.

Figure 6: Level of Common Interestfor Waste PackageSub-Domains

Waste Package

18
High
16
14

12

10

Low

1.2.2 Waste Package 1.2.3 Alternative HLW/Spent 1.2.1 Damaged and Re-
Interfaces Fuel Container Material working Packages
Developments
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1.2.1 Damaged and Reorking Packages

Research Needs/Driver

Exchange of informatioron the management of damag
waste packagemnabling the transfer of good practice
from more advancellember Stat@rogrammes to less
advanced programmes

Research Objectives

To share good practices withspect to minimising
radiological consequences and addressing waste
acceptance criteria in the eventthat packages have
become damaged prior to transfer to a geological

disposalfacility.

Background

During handling, transport, and prolonged
storage waste packages might be damaged k
incidents or due to the degradation of contain|
materials (corrosion). Such packages must bg
re-packed or even reworked prior to their
disposalto minimize the potential for violation
of safety requirements.

Implementation Driven

Transfer of Knowledge to LAPs

Level of Common Interest

Medium

High

Low

1.2.2Waste Package Interfaces

Research Needs/Driver

Understanding thteractions occurring atterfaces
between waste packages and different barriers in {
disposalfacility will enhance confidence in the whg
EBS and the safety case.

Research Objectives

Assessment of interfageghysical and chemical
transformations between different barriers and
materialsand development of potgcale models
describingthe impact on radionuclide migration and
fluid transport, potential clogginig bentonite/cemen
or hostclay/cement interfaces, or increase in porog
in otherinterfaces underreal repository conditions

Background

Understanding of potential interactions between
waste packages and other EBS components in {
hydrogeochemicatonditions of a host geological
environment provides an insight into the
assessment ofthe losigrm safety of a disposal
systemFurther understanding of the miescale
evolution of interfaces betweeraste packages
andassociatetharrierswould be benfial.

Implementation Driven

Transfer of Knowledge to LAPs

Level of Common Interest

V

High Medium

Low
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1.2.3Altemative HLW / Spent-Fuel Container Material Development

Research Needs/Driver

To investigate alternative materials to optimise
container/overpack design for HLW/SF, whilst
maintaining the required level of operational and le
term safety.

Research Objectives
To investigate alternative container materials, suital
for fulfiling container safety functions in current
disposalsystems.

To identify potential alternative materials for
packaging novel wasteforms.

To specify alternative container material functan
particular disposal systems and to appropriately

Background

Currently, either combined copper/ castiron or

carbon steelare considered for container materi

for HLW/SF; stainless steel, ductile castiron an

concrete are typically considered for container

materials for ILW disposal. With new waste

streams (advanced fuel cycles) and new hostro

systems, alternative container materials for

HLW/SF may be consideredlternativecontainer

material may offer thdollowing advantages

9/ To reduce hydrogen production resulting from
corrosion of the overpadk anoxc conditios
(risk: gas pressure)

1 To increase the robustness of demonsteati

characterise their relevant properties e . cer long-term material performance.
Implementation Driven \Y
Transfer of Knowledge to LAPs
Lewvel of Common Interest

High Medium \ Low
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1.3Consequences of Storage

Radioactive waste may be storfed a considerab period of time prior talisposal Interim
storage ofwvastecan covera timespan of several decades up to a cemunyiore Unexpected

delays in geological disposal programmes may extend storage perigdsd b&hat was
originally anticipated in thenational programme. Degradatioof the wasteforms andiaste
packagegluring these relatively long or extended timespans may have an impact on the safety
of the storage facility as well as on the operational apdstclosure safety of thgeological
disposal facility. This issue is therefore of concern for theuatiah of safety of both the short

term and longerm management of radioactive waste.

The subdomains are listed below, and the specific scope, draad background for each are
provided in the suldomain tables belowhe level of common interesior the sub-domain are
shown in the Figure below.

1.3.1Re-working of Aged Wastes;
1.3.2 Impact of Extended Storage on Waste Packages.

Figure 7: Level of Common Interest br Consequences of Storag8ub-Domains

Consequences of Storage
18

High
16

14

12

10

Low

1.3.2 Impacts of Extended Storage on Waste 1.3.1 Re-working of Aged Waste
Packages

Page35 © JOPRAD



JOPRADI D4.27 Programme document DRAFT V0.7

1.31 Reworking of Aged Waste

Research Needs/Driver

This topic is aimed at determining in which
circumstances raorking of a wasteform (e.groviding
an additional overpack or applying a new treatment tg
the waste) has to be performed and what type-of re
working is appropriate.

This subdomain is considered to be relevant to ILW,
HLW and spent fuel.

Research Objectives

To identify andshare best practices on the identificatio
and use of criteria to determine whetheprecessing of
aged waste is necessary and of an appropriate

Background

The waste can be stored for arsfgant period
of time in storage facilities or in the disposal
facility prior to its final emplacement. These
significant storage durations could have an
impact on transport, operational safety and th
postclosure safety as some characteristics of
the wasteform and of the waste packages ma
alter over time.

The identification of criteria to determine
whether defected wasteforms need to be re
worked and of what type of+working is

reprocessing method.

necessary is therefore of interest.

Implementation Driven

Transfer of Knowedge to LAPs

Level of Common Interest

High

Medium

Low

1.32 Impacts of Extended Storage on Waste Packages

Research Needs/Driver

Identification, characterisation and manageme
of uncertainties related to performance of the
final wasteform (package and waste) during
prolonged storag@geing, confinement integrity
handling constraints, wasteform performance)
requires further consideration.

Research Objectives

To understand the performance of the final
wasteform (waste and package) during prolon
storage prior to itsransport andisposal.

The assessment of ageing effects on specific
materials of dry casks for spentfuel storage m
require further R&D work, e.gexperimental
studies, measuring technigues, modelling and
numerical simulations.

Background

Geological repository development spans a ltimg
period in someMember State including an extended
period of operations arrdversibility. Heat generating
HLW/SF mustalsobe cooled for a period of time
(decades) prior to disposal. These significant storag
durations could have an impact on the transport,
operational and postiosure safety, as some
characteristics of the spefnel and of the cask may
alter over time. In some cases, the ageing of the cag
could mean that the cask needs replacing. Furtherm
the investigation of the sealing systemof casks and
sealing ring materials in terms of their ageing,
considering envanmental influences as well as
thermal and mechanical loads, is of particular
importance .Monitoring of the state dadll waste
packagegincluding those for ILW)and of the
wasteforms in storage conditiomgy also be required

Implementation Driven

\%

Transfer of Knowedge to LAPs

V

Level of Common Interest

V

High

Medium

Low
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1.4Nearfield and Engineered Barrier System

The choice ofbuffer and backfiling materials is partly dependent on the chosen disposal
concept. Buffer and backfiling have important safetyctioms in some disposal concgpt
dependingon the disposal concept under consideration and the geological environméat of t
site Cementitious materials are extensively planned to be used as disposal structures (buffer,
plugs). Further understandingof the thermal hydro and mechanical (THM)ehaviour of
concrete materialstaking into account their chemical degradatiovould be beneficial This is
especially the case for low pH cemerBentonite is intendedor use as a buffer around high

level waste canisters and also aseal. Claybased materials (i.e. excavated rocks with
additves) may also be used to backifill gaderiin the disposafaciity. Despite orgoing
studies, the whole supply chain for bentonite buffettemals needs more RD&D work.

In evaporite environments (e.g. halte) RD&D may also be required in order to maintain the
integrity of the near field (andar field) via appropriate engineering of backfll regimes and
seals.

The coupled mechanicalchemical evolutions at the interfaces between the different materials
(dlassf/iron/clay, cement/bentonite, cement/metal, bentmeita) and between these matesal

and the host rock (iron/clay interactions, alkaline perturbation) are a topic of strong interest to
assess the global evoluton of the near fieldhe di ffer ence b ettereradn r e
i nteractions (e. g. -t ee mat onsm(ed.radeaeibpmene 0fs gas 0l c
pressure, cement degradation etc.) occurring at these interfaces is impdenher

perturbation which has to be addressed is the influence of gases and microbes on geochemistry.
These studies need to be supported by rupsk(at different scales) andsitu experiments to

verify that the components wil behave as expected and that all the relevant processes have been
taken into accountbut also to demonstrate the abiity to buid complex components (buffer,

plugs and ses).

The subdomains are listed below, and the specific scope, drivers and background for each are
provided in the sulllomain tables belowlhe level of common interesbor the sub-domairs are
shown in the Figure below.

1.4.1 Bentoniteand Other Clay Based Components
1.4.2Microbial Infuence on Gas Generation
1.4.3Cementitious Component Behaviour;

1.4.4Low pH Cements;

1.45 Metalic & Cementtious Chemical Perturbations;
1.46 Salt Backfil;

1.47 HLW/ILW Nearfield Evolution
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Figure 8: Level of Common Interestfor Near-Field and Engineered Barrier Systems
Sub-Domains

1.4.1Bentonite and other Clay BasedComponents

Research Needs/Driver Background

Further studies of bentonite and clay Many studies have been performed to characterise the
based materialso assess the role of: behaviournf swelling clay, including bentonites. The main
variations of propertiearising from requirements are on swelling capacity tofill the technologic
barrier installation, hydration history voids and on low hydraulic conductivityhis implies a good
elevated temperaturesid chemical understanding of physical processes that occur throughout
influenceson longterm evolution lifecycle of the betonite component (EBS, sealing or backsill
behaviour. and a capacity to perform robust predictive simulations.
Research Objectives Studies have concerned several types of bentonites in seve

To characterise bentonite dution under | physical forms, such as compacted blocks or pellet mixtures
specific conditions to provide dataon Investigations of the behavioof bentonites under particular
hydro-mechanicalthermaland chemical | conditions associated with their use in an industrial context
behaviour. need to be pursued. Especially, the role of heterogeneities
To provide guidance on the use of clay | to installation or to external conditions such as local water
materials depending on their origin or | inflow or temperatures in excess &XC. Such phenomena

mineralogy. may lead to changes in the mineralogical composition of th
To enhance understanding of pasisure | bentonite, particularly in its clay content. These changes mi
safety considerations by extensive affect the componeras awhole (e.g. ilitization) or an
characterisation of the different interfacezonewith the perturbation source (e alkaine
phenomena, e.ghermal evolution or transformation leading teerpentinization). Consequentstch

interactions with metallic or cementitiou§ changesan lead to evolutioof transport and chemical
components (alkaline perturbation, ion | properties, or even in mechanical behaviourchanges
exchanger modification) owith the host | EC Projects: BENIPA BELBaR

rock.
Implementation Driven \%
Transfer of Knowedge to LAPs

Level of Common Interest

High V Medium Low
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