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Executive Summary

Technology advanceand innovative solutionsn all phases of the decommissioning process can
enhance efficiency, reduce cost and schedule, improve worker safety, and reduce waste generation.
Complementary fforts on planning and project management, training material and operational
experience trangr, organisational aspects and change management aufitribute towards an
optimisedexecution- cheaper, faster, safesand more sustainably of challengingdecommissioning
projects.

The SHARB®admap has identifiednore than 14Qactivitiesin all fieldsof decommissioningpased on
the strategic research agendar whichresearch and/or developmenwill bring improvement into
future decommissioningonce promising technologies and capabilities ateployed The roadmap
diagramsin this documat summarse these activities with an indication of importance, urgency and
action type(RD&D, Knowledge Sharing, Harmonisation of Practices, Education and Training).

The SHARfimeline has beenmadé 8 SR 2y GKS | 4aS5aaYSyvher@tie | f f
most urgent bundled activities are presented according to their thematic area and action type. This
timeline partially reflects the trends towards digitalisatipisustainability andtircular economybut

also acknowledgeeoccurring demands fdraining and educationd harmonisation.

Viewson implementation and perspectives for deploymesnte briefly statedfor stimulating the
organisationand coordinationof R&l multinational projectghe use of innovative technologiesd
the continuousinvolvement of known international organisationsn technical and crosscutting
activities.
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Introduction

The goal of the project SHARE is to identifytdoinical and norechnical needsn the international
stakeholder communityandto provide a roadmap for the developments that will help reduce costs,
minimise waste and environmental impactand improve the worker safety in decommissioning
projects. The needs were determined and consolidated with the stakeholder community in an iterative
and inclusive process based around the key thematic areas in the decommisgiantags: safety and
radiological protection, project management and costing, human resources, characterisation, site
preparatory activities, dismantling and decontamination, material and radioactive waste
managementandenvironmental remediation.

SHARE provides the present roadmap within the scope dfifi20Euratom Work Programme 2018
(NFRP20185)! asthe final outcome based on the valuable data generated in three steps. First, a
survey was conducted among the decommissioning stakeholdersdprgwover 220 responses that
evaluated the key thematic areas and their listed topics in terms of urgency and importance. Second,
on the same thematic areas, the consortium establisasthte-of-the-art reviewhighlighting existing
methodologies and currg international initiatives Third, identified needs, existing and eyoing
solutions were further investigated and consolidated with stakeholders during various public
workshops. A gap analysis was carried out and a list of agirop®sedto fill the identified gaps.

Theidentification ofspecificactivitieswhere further developments could lead to cheaper, faster and
safer future decommissionghwhile improving safety, reducirgpsts and mininsing environmental
impact, provided the basis for estalttingthe SHARE Strategic Research AgéB8&\)The activities
were assignedto different categories RD&D for activities that create knowledge including
benchmarking and technology developmerKnowledge Sharingfor activities that demand
dissemination,Harmonistion of Practicesfor activities that require at least the adoption of best
practices but can include regulatory measures, &dgication and Trainindor activities that aim at
creatingand developing workforceompetencies. ThBHARBRA priorisedthe categorisedactivities

of common interestaccording to theimportance of the SHARE weighted survesflecting the
a0l 1SK2ft RSNEQ LRAYG 2F GASsP

The activities as determined in the course of this project provide solid empirical data that are doheren
with the most prominent implementation issues in decommissioning projects as identified jrolkicg
support document from theLJNR 2 S O in ®016. STRewldtter sketched the outline of the
implementation barriers for decommissioning projects by defining (i) legal and reguiasugs, (ii)
technology and infrastructural issues, (iii) limited resources, knowledge management and
organgational issues, and (iv) societal issues. In the past years, reports published by international
organgations that address these issues on aniintional levehave increased

1 h2020wp1820Geuratom_en.pdf (europa.eu)
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Examples that can be cited are: for (i) guides on regulatidhs IAEA safety standards series with
currently over 130 reporfs for (ii) R&D needs revietydor iii) the ISDC guides for costing processgs
casestudies, orgarsational guides and multiple training programmés (iv) communicational guides.
Despite the considerable effort behind these reports, the persistence of these issues in the over 180
activities proposed in the SRA shows that the orgation of the decommissioning industry on the
international level is still evolving. However, this is not contradicting the efforts of international
organgations but proves their pertinence via the botteap quality of the results. It can be seen as
fostering the confidence in the routes proposed by the international orgatns for regulatory
decisions and evaluation of strategic topics for (future) focus.

The roadmap tries to go a step further by compiling the various activities by activity bundles. These
bundles are prioriged to establish a visibility of the necessary actions in 5, 10, and 15 years from the
stakeholder perspective. It should support future coordination of R&I efforts. Before presenting the
results by means of diagrams and timelinge project methodology is further detailetbr better
interpretation and understanding

2 |AEA. Model Regulations for Decommissioning of Facilities. (2017).

3|AEA. LONG TERM STRUETQIRTHE IAEA SAFETY STANDARDS AND CURRENApPEIT201125(2022).

4 OECD/NEA. R&D and Innovation Need for Decommissioning Nuclear Facilities. (2014).

5 OECD/NEA. International Structure for Decommissioning Costing (ISDC) of Nuclear Installations. (2012).
8 OECD/NEA. Guide for International Peer Reviews of Decommissioning Cost Studies for Nuclear(2atiijies.
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Methodology

The vision of SHARE is to initiate and carry out collaborative actions in Europe and, teyoodide
an inclusive roadmap for joint near future decommissioning research in a broad sense for stakeholders
to improve safety, reduce costs andnimise environmental impact in the decommissioning of nuclear

facilities, with commitment to:

1 Build confidence in the steps needed for the generation of knowledge on decommissioning
and its safety, economic and environmental aspects;
1 Encourage the future aordination of Research & Innovation (R&I) activities strategically

recommendable for financing in the next decade(s);
I Facilitate access to expertise and technology and maintain competences in the field of
decommissioning and environmental remediatiam the benefit of Member States.

The SHARE main outputStrategic Research Agenda (SRA) and roadniegve been built through
an iterative consultation process considering the needs and points of view of different stakeholders.

The subsequent steps towds these deliverables are presentedHigurel.

SURVEY GAP ANALYSIS

Identification of current available solutions

I

N Identification of R needs through stateof-art review

P V  Thematic and subthematic areas

U V  Importance and urgency ranking criteria = s Identification of gaps with regard to needs
T Weighted analysis List of proposed actions with impact on gaps

V  Grouping into action types

Input and feedback by stakeholders at
subsequent stages

STRATEGIC RESEARCH AGENDA

Redefinition of action types
Regrouping of list of proposed actions

Prioritisation according tamportance

Set of tables per thematic area

\

ROADMAP

Addition of timeframe according torgency
Compilation into activity bundles

—CTUT-H4CO

Diagrams per thematic area
Timeline across all thematic areas

Leads for implementation

Figurel: SHARE Methodology
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The survey consiet of a list of predefined andpen questionsif so-calledsubthematic areasihere
needs could be expressed and evaluated/ranked according to importance and urgeeayhole of
a0l 1SK2f RSNAQ Ay Llzia KI éitdnsizel ® grodudsBnintpartialShRlanced R
and reliableassessmendf the opinions collected.

In the course of SHARERCtivities in different fieldsof RD&D and crosscutting issulkave been
considered, refined and reviewed@hese activities have beagreed onto be valuable for future
researchg in a broad sense with an impact orthe gaps identiied. This eventually has led to a list of
activities prioritised and grouped thematically by means of the SR#ther condensation by
identifying similarities and common trends the roadmaphas reduced complexity and improved
readability.

The SRA consists of a set of talplesthematic area, where for the four different action typastivities

are listedaccording to their importancédngoing activities and recent initiatives give an update on the
state-of-art. The roadmapand itsdiagrans add(per thematic areaa timeframecontextin terms of
urgency, while the timelingives an overview of the mosirgent activities over all thematic areas
related to decommissioning.
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Roadmap Timeline

The SHARE roadmtgmeline (see figures), based on the SHARE SRA, compiles the various activities by
activities bundles. These bundles are priseiti to establish visibility of the necessary action in 5 years
from the stakeholder preparative. This corresponds to the d@#viof high urgency.

An overview of all activities over all urgency types can be found in the roadmap didgtanis this
document.
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ROADMAP

SHARE TIMELINE DIGITALISATION,
MODELLING & /i o
SHARE roadmap, based on the SHARE Strategic Research Agenda, compiles the various activities by SIMULATION kaeytasks {

activity bundles. These bundles are prioritised to establish visibility of the necessary action in 5 years
from the stakeholder perspective.

in situ
WASTE

Remote, integrated and automatic technologies CHARACTERISATION

for in situ waste characterisation and segregation

5 . EGREGATION s 2 -
TYPE OF ACTIVITY (Improvement of existing technologies, active BRSO Harmonisation of education levels required

demonstration to increase the technology readi- for decommissioning (i.e, certificates for spe-
-RD&D ness and demonstrate maturity). cific skill sets).

|Knowledge Sharing E&T at international level and cooperation
:Z:r:ai?c:iag?r;fn;rgactlces EDUCATION bﬁFweenddlﬁetgnt s.takeholders b){ intern-
FOR ships and certifications for attracting young
DECOMMISSIONING JAEUNEIES
Enhance the use of immersive training
methods (VR) for task specific training
through certificates and standards.
Implementation of E&T programmes to
ensure sufficient and skilled staff are avail-
able for the sector with a special focus on the
use of new technologies.

Enhance international cooperation and coordination (IAEA, NEA, WNA,
WENRA, ENSREG) on harmonisation of WAC.

Strategy and promotion for international sharing of facilities (treatment INTERNATIONAL
and/or storage of waste from decommissioning). STANDARDISATION
Enhance harmonisation of practices in VLLW management (metal, con- &

crete etc.) regarding clearance and acceptance criteria. HARMONISATION
Enhance international harmonisation of clearance criteria for
Solid/Liquid/Gaseous radioactive materials from decommissioning.
Enhance harmonisation of practices in packaging (transport, storage,
disposal).

DIFFICULT TO
5 MEASURE Fast, cheap and straightforward methods
RADIONUCLIDES for difficult to measure (DTM) radionuclides.
(DTM) in situ alpha and beta measurements and
automation.

New cost effective and more general purpose modular and

mobile systems and robotic solutions.

Technologies and methodologies for hard to access areas

(tele-operated remote arms). ROBOTICS &

Testing methodologies in mock-ups. REMOTE SYSTEMS 6
P - —_—r . FOR D&D

SRA THEMATIC AREAS

01 Safety, Radiological Protection & Resources Management

02 Characterisation

03 Material & Waste management

04 Site Preparatory Activities, Dismantling, Decontamination & Demolition
05 Environmental Remediation

06 Final Release

Harmonisation of practices, development of standards for robotic verifi-
cation and demonstration.

@JRC
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SHARE TIMELINE

SHARE roadmap, based on the SHARE Strategic Research Agenda, compiles the various activities by CIRCULA
activity bundles. These bundles are prioritised to establish visibility of the necessary action in 5 years IRCULAR Harmonisation of clearance values to en-
from the stakeholder perspective. ECONOMY hance recycling in and out of the nuclear
sector

Share knowledge and feedback on societal
issues and dialogues (public acceptance of
policy of recycling and reuse of materials).

Development of data collection protocols and
long term data storage

Knowledge management best practices KNOWLEDGE
S ANAGEMENT

TYPE OF ACTIVITY

[ [

'Knowledge Sharing
Harmonisation of Practices COST
Education & Training ESTIMATION

Develop a global cost estimation
methodology for all facility types,
including waste management,
risks, and engineering.

Establish international working groups for various
facility types.
Coordinate public case studies for cost estimation.

Automated characterisation technologies for structures and land areas
for final status surveys and release (Clearance of surfaces and structures)
Reliable, adequate characterisation methods to identify subsurface radio- CLEARANCE

nuclide contamination SURFACES &
STRUCTURES

Exchange and dissemination of best practices for online characterisa-
tion during remediation and clean up FINAL RELEASE SRA THEMATIC AREAS

01 Safety, Radiological Protection & Resources Management

02 Characterisation

03 Material & Waste management

04 Site Preparatory Activities, Dismantling, Decontamination & Demolition
05 Environmental Remediation

06 Final Release

@JRC
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Roadmap Diagrams

For each of the six main thematiceass, secalled diagrams have been produced which represent the
assembled results in terms ddentified activities for future researchin relation to action types,
importance and urgencythese diagrameachfollow the same structure, as explainedrigure2.

Urgency Ranking

Description of grouped activities

Description of individual activity

Description of individual activity

Description of individual activity
Action Type

Description of grouped activities
Description of individual activity
Description of individual activity
Description of individual activity

Action Type

Figure2: Key to Roadmap Diagrams

The roadmap tables explained:

Top left corner: Thematic Area

Tophorizontal row: High, Medium aror Lowurgencyranking (when applicable)
Left vertical column: Four Action Types (when applicable)

Table cellsGrouped activities description + Listing of individual activities
Hexagonal shapes after each ckligh, Medium andor Low mportance ranking

=4 =4 —a —a 9
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