
http://www.ejp-eurad.eu/ 

                                                                   

 

 

 

 

 

 

 

 

 

 

Deliverable 10.1: UMAN - Training materials 

Work Package 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under grant agreement N°847593.

http://www.ejp-eurad.eu/


EURAD  Deliverable 10.1 – UMAN - Training materials 

EURAD (Deliverable n° 10.1) - UMAN - Training materials 
Dissemination level: PU 
Date of issue of this report: 31/05/2023 

Page 

2  

Document information 

Project Acronym EURAD 

Project Title European Joint Programme on Radioactive Waste Management 

Project Type European Joint Programme (EJP) 

EC grant agreement No. 847593 

Project starting / end date 1st June 2019 – 30 May 2024 

Work Package No. 10 

Work Package Title Uncertainty Management multi-Actor Network 

Work Package Acronym UMAN 

Deliverable No. 10.1 

Deliverable Title UMAN - Training materials 

Lead Beneficiary Bel V 

Contractual Delivery Date May 2023 

Actual Delivery Date 31 May 2023 

Type  

Dissemination level PU 

Authors Valéry Detilleux (Bel V), Attila Baksay (TSENERCON), Jeroen Bartol 
(COVRA), Dirk Alexander Becker (GRS), Vincenz Brendler (HZDR), 
Chris de Bock (ONDRAF/NIRAS), Julien Dewoghélaëre (NTW), Tim 
Hicks (GSL), Jeroen Mertens (Bel V),   Jitka Miksova (SURO), Klaus-
Jürgen Röhlig (TUC), Peter Schillebeeckx (JRC) 

To be cited as:  

Detilleux V., Baksay A., Bartol J., Becker D.-A., Brendler V., de Bock C., Dewoghélaëre J., Hicks T., 
Mertens J., Miksova J., Röhlig K.-J., Schillebeeckx P. (2023): EURAD Uncertainty Management multi-
Actor Network - Training materials. Final version as of 31.05.2023 of deliverable D10.1 of the 
HORIZON 2020 project EURAD. EC Grant agreement no: 847593. 

Disclaimer 

All information in this document is provided "as is" and no guarantee or warranty is given that the 
information is fit for any particular purpose. The user, therefore, uses the information at its sole risk 
and liability. For the avoidance of all doubts, the European Commission or the individual Colleges of 
EURAD (and their participating members) has no liability in respect of this document, which is merely 
representing the authors' view. 

Acknowledgement 

This document is a deliverable of the European Joint Programme on Radioactive Waste Management 
(EURAD). EURAD has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 847593. 



EURAD  Deliverable 10.1 – UMAN - Training materials 

EURAD (Deliverable n° 10.1) - UMAN - Training materials 
Dissemination level: PU 
Date of issue of this report: 31/05/2023 

Page 

3  

 

 

 

 

Status of deliverable 

 By Date 

Delivered (Lead Beneficiary) Valéry Detilleux Bel V 26/05/2023 

Verified (WP Leader) Daniela Diaconu RATEN 29/05/2023 

Reviewed (Reviewers) Not applicable  

Approved (PMO) Elisabeth Salat IRSN 01/06/2023 

Submitted to EC  (Coordinator) ANDRA 02/06/2023 

 

 

 

 

 

  



EURAD  Deliverable 10.1 – UMAN - Training materials 

EURAD (Deliverable n° 10.1) - UMAN - Training materials 
Dissemination level: PU 
Date of issue of this report: 31/05/2023 

Page 

4  

Executive Summary 

This report contains the aims, the learning outcomes and the description of the training course organised 

by the Work Package UMAN on February 14-16 2023 at Bel V (Brussels, Belgium). The report also 

contains abstracts of the lectures, the slides prepared and presented by each lecture, a career summary 

of these lecturers and the test organised at the end of the training course. 
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1. Introduction 

UMAN is a Strategic Study Work Package dedicated to the management of uncertainties potentially 

relevant to the safety of different radioactive waste management stages and programmes. It includes 

various activities such as exchanges on views, practices and uncertainty management options and the 

review of existing strategies, approaches and tools. Interactions between different types of actors 

including civil society are central to this WP. These interactions are aimed at meeting the shared 

objective of fostering a mutual understanding of uncertainty management strategies, approaches and 

preferences. A particular focus is put on uncertainties in direct link with RD&D WPs and with a high (and 

where relevant medium) priority subdomain of the SRA for which exchanges of information and 

experiences and strategic studies have been identified as beneficial by the JP actors themselves. The 

WP considers past and present EU projects on the topics of interest and other initiatives carried out at 

international level such as IAEA and NEA. The WP allows identifying the contribution of past and on-

going RD&D projects to the overall management of uncertainties as well as remaining and emerging 

issues associated with uncertainty management that could be addressed in subsequent waves or 

implementation phases of EURAD. 

Owing to the nature of a strategic study, it is not foreseen to increase in EURAD the scientific knowledge. 

Nonetheless, the work carried out in UMAN leads to the development or improvement of strategies, 

approaches and tools. The knowledge consolidated in UMAN or generated through knowledge/know-

how sharing and discussions in UMAN of common challenging issues constitutes a valuable input to 

knowledge management activities. Therefore, in collaboration with WP13 (Knowledge Management) of 

EURAD, UMAN has prepared and organised on 14-16 February 2023 (at Bel V, Brussels, Belgium) a 

training about Uncertainty Management and some important aspects addressed in UMAN. The present 

deliverable documents the preparation and the organisation of the course. 

1.1 Training aims 

The main aim of the training is to address the training need “7.3.1 Treatment of uncertainty” identified 

by EURAD Work Package 13 as one the five most urgent and highest priority topics1. The training will 

also address other urgent and high priority topics such as “7.1 Safety strategy”, “3.1 Confirm wasteform 

compositions, properties and behaviour under storage and disposal conditions, including impact on the 

disposal environment (wasteform)” or “‘3.1.1 Spent Nuclear Fuel”. 

1.2 Learning outcomes.  

Upon successful completion of this training course, participants should be able to: 

• Understand and classify the different types of uncertainties that may need to be managed in a 

RW disposal programme; 

• Explain the links between uncertainty management, the safety case and the decision-making 

process; 

• Use the global UMAN scheme of uncertainty management strategies; 

• Explain the main strategies and approaches available to manage uncertainties; 

• List the approaches available to perform uncertainty and sensitivity analyses and discuss their 

pros and cons; 

• Grasp the views of Civil Society representatives involved in EURAD on uncertainty 

management; 

 

1  See EURAD Deliverable 13.10: Belmans N., Coeck M., (2020): Title. List of training needs from Research, Development and 
Demonstration and Strategic Studies Work Packages Final version as of 12.04.2021 of deliverable D13.1 of the HORIZON 
2020 project EURAD. EC Grant agreement no: 847593. 
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• Understand potentially significant uncertainties related to the waste inventory (with a special 

focus on problematic wastes, organic-bearing wastes and the radiological characteristics of 

spent nuclear fuel) and discuss their significance; 

• Understand potentially significant uncertainties related to human aspects and discuss their 

significance; 

• Describe and discuss the options available to manage specific examples of uncertainties related 

to the waste inventory and human-related aspects. 

1.3 Training course description 

The course is a classroom-based training. The target audience and pre-requisites are the following: 

• Participants are required to have a MSc degree; 

• The target audience is primarily multidisciplinary (professional) experts (i.e. “generalist 

experts”). However, the course could also be interesting to more specialized experts; 

• Professionals actively involved in waste management programmes; 

• Experts involved in the development of safety cases; 

• Safety case reviewers (TSOs & regulators). 

The schedule of the course organised on 14-16 February 2023 is provided in the table below. 
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 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 

A 

Tuesday 

14/02/23 

Day 1: Uncertainty management strategies, methods & tools 

A.1 Introduction: 
Uncertainty 
management, the 
safety case & the 
decision-making 
process 

A.2 Types of 
uncertainties 

Valéry Detilleux, 
Bel V 

 

A.3 Uncertainty 
management strategy 
and approaches 

Tim Hicks, GSL 

Lunch 

A.4 Uncertainty 
identification and 
quantification 

Vincenz Brendler, HZDR  

 

A.5 Approaches to 
uncertainty and 
sensitivity analysis 
– Overview 

Klaus Röhlig, TUC 

 

 

A6. 
Approaches to 
uncertainty and 
sensitivity 
analysis – 
Practical 
examples from 
the DONUT 
project 

Dirk Alexander 
Becker, GRS 

B 

Wednesday 

15/02/23 

Day 2: Management of uncertainties related to the waste inventory 

B.1 Characterization 
and significance of 
uncertainties related to 
the waste inventory 

Attila Baksay, 
TSENERCON 

 

B.2 Uncertainties in the 
radiological characterization 
of spent fuel 

Peter Schillebeeckx, JRC 

Lunch 

B.3. Uncertainties 
associated with 
waste 
management 
routes 

Chris de Bock, 
ONDRAF/NIRAS 

 

B.4. Options for the 
management of uncertainties 
related to the waste inventory 

Jeroen Mertens, Bel V 

C 

Thursday 

16/02/23 

Day 3: Views of Civil Society & management of uncertainties related to human aspects 

C.1 Views of 
Civil Society 
on Uncertainty 
Management 

Julien 
Dewoghélaëre, 
NTW 

 

C.2 Characterization 
and significance of 
uncertainties related 
to human aspects 

Jeroen Bartol, 
COVRA 

 C.3 Options 
for the 
management 
of 
uncertainties 
related to 
human 
aspects (Part 
1) 

Jitka Miksova, 
SURO 

Lunch 

C.3 Options 
for the 
management 
of 
uncertainties 
related to 
human 
aspects (Part 
2) 

Jitka Miksova, 
SURO  

Test Feedback 
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2. Lecture materials 

For each lecture of the course this section provides a short synopsis written by the corresponding 

lecturer. The slides used as support during the lectures are provided in the following 12 appendices. 

• Appendix A. Slides of lectures A.1 & A.2 

• Appendix B. Slides of lecture A.3 

• Appendix C. Slides of lecture A.4 

• Appendix D. Slides of lecture A.5 

• Appendix E. Slides of lecture A.6 

• Appendix F. Slides of lecture B.1 

• Appendix G. Slides of lecture B.2 

• Appendix H. Slides of lecture B.3 

• Appendix I. Slides of lecture B.4 

• Appendix J. Slides of lecture C.1 

• Appendix K. Slides of lecture C.2 

• Appendix L. Slides of lecture C.3 

Finally, a short career summary of the lecturers is provided in appendix M and the test organised to 

verify if the audience has broadly understood the lessons (this was not a “qualification test”) is given in 

appendix N. 

 

• Day 1 – Uncertainty management strategies, methods & tools 

 

Slot of time 9:00 – 9:30 

Lecture 

A1. Introduction: Uncertainty management, the safety case & the decision-making 
process 

A2. Types of uncertainties 

Name Valéry Detilleux 

Affiliation Bel V 

Synopsis 

Decisions associated with radioactive waste management programmes are made 
in the presence of irreducible and reducible uncertainties. In the early phase of a 
programme, several choices must be made on the basis of limited information and 
need to be confirmed before or during the construction and operation of the 
disposal facility. At the end of the process, some uncertainties will inevitably 
remain and it should be demonstrated that these uncertainties do not undermine 
safety arguments. Hence, the management of uncertainties is a key issue when 
developing and reviewing the safety case of waste management facilities and, in 
particular, of waste disposal facilities due to the long-time scales during which the 
radiotoxicity of the waste remains significant. This introductory lecture will provide 
a general framework about uncertainty management based on the work performed 
within UMAN: key definitions, types of uncertainties, links between the 
management of uncertainties and the decision making process as well as the 
safety case.  
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Transition to 
next talk 

This lecture is an introduction to all next lectures and provide an overview of the 
whole course structure. 

Keywords 
Uncertainty, risk, Types of uncertainties, Decision making process, Safety Case, 
Uncertainty management strategy 

Slot of time 10:30 – 12:00 

Lecture A3. Uncertainty management strategy and approaches 

Name Tim Hicks 

Affiliation GSL 

Synopsis 

We need to make choices and decisions through all phases of radioactive waste 
disposal facility development. There are many uncertainties that we need to be 
aware of when we make these decisions so that our judgments are as well 
informed as they can be and we can achieve our desired outcomes. These 
uncertainties range from those associated with the overall disposal programme 
and inventory to those associated with the data and models that underpin our 
safety assessments. By implementing a strategy for managing these uncertainties 
throughout the lifetime of a disposal facility, we have the best chance of arriving 
at the optimum solution for the long-term safety of disposal. This lecture discusses 
the components of an uncertainty management strategy. 

Transition to 
next talk 

Any strategy for managing uncertainties will of course include activities to identify, 
characterise and analyse those uncertainties. The identification and assessment 
of the safety significance of uncertainties is addressed in A4, A5 and A6. 

Keywords 
Uncertainty management, radioactive waste disposal, types of uncertainty, 
treatment of uncertainty. 

Slot of time 13:30 – 14:30 

Lecture A4. Uncertainty identification and quantification 

Name Vinzenz Brendler 

Affiliation HZDR 

Synopsis 

Before entering into uncertainty processing it is essential to identify such 
uncertainties (here only numerical ones are considered), to rank them according 
to their relevance, to categorize them, elucidate internal dependencies and cross-
interactions. These steps are supported by B1-B4. Also suitable methodologies to 
analyse and illustrate complex uncertainty patterns are required. Finally, transfer 
of only qualitatively described uncertainties into numerical ones must discussed. 

Transition to 
next talk 

Once uncertainties are analysed and categorized, they can be used for uncertainty 
and sensitivity analyses, which is the link to A5 and A6. Respective management 
decisions are illustrated in B5 

Keywords 
Numerical uncertainties: models, methodologies, categorization, characterization, 
Treatment, evaluation 
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Slot of time 14:45 – 15:45 

Lecture A5. Approaches to uncertainty and sensitivity analysis – Overview 

Name Klaus-Jürgen Röhlig 

Affiliation Clausthal University of Technology (TUC, Germany) 

Synopsis 

Uncertainty and sensitivity analyses (UA, SA) as addressed in this lecture serve 
the purpose of quantifying the uncertainty of model simulation results (“indicators”) 
as well as of the impact input uncertainties have on these output uncertainties. If 
the input uncertainties are quantified using probability density functions (pdfs, cf. 
lecture A4), the toolbox of stochastic methods offers a variety of methods for UA 
and SA. The lecture will focus on stochastic methods which are well-established, 
but other approaches are also applied. 

Transition to 
next talk 

A number of methods introduced in lecture A5 will, by means of example, further 
be addressed in A6 which will also shed light on technical details.  

Keywords 
Uncertainty Analysis, Sensitivity Analysis, Probabilistic Methods, Variance-based 
Methods  

Slot of time 16:00 – 17:00 

Lecture 
A6. Approaches to uncertainty and sensitivity analysis – Practical examples from the 
DONUT project 

Name Dirk Alexander Becker 

Affiliation GRS 

Synopsis 

An overview of practical application of uncertainty and sensitivity analysis in 
numerical performance assessment (PA) is given. It is demonstrated how one can 
derive sensitivity statements about PA models by means of probabilistic 
investigations, what one can learn from such investigations about the model 
behaviour how one can use such knowledge in view of uncertainty management.  

The first part of the lesson deals with general practical advantages and 
disadvantages of different types of UA/SA approaches as presented in the 
previous talk. Then a few studies are presented that are being performed in the 
framework of the DONUT WP or elsewhere. Finally, some recommendations for 
executing effective and meaningful probabilistic investigations are given. 

Transition to 
next talk 

 

Keywords Uncertainty analysis, sensitivity analysis, numerical simulation 
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• Day 2 – Management of uncertainties related to the waste inventory 

 

 

 

 

Slot of time 9:00 – 10:15 

Lecture B1. Characterization and significance of uncertainties related to the waste inventory 

Name Attila Baksay 

Affiliation TSENERCON 

Synopsis 

Steps of radioactive waste management (waste generation, characterization, 
waste processing, etc.) are introduced with regards to the waste inventory. The 
sources of uncertainties of waste inventory are discussed. Uncertainties 
connected to each waste management steps are discussed, focusing on their 
significance from the safety and optimization point view. Possibilities of 
characterization of uncertainties are presented based on the results of EURAD 
UMAN work package.  

Transition to 
next talk 

A general introduction to next lectures, in particular to B.3 and B.5. 

Keywords 
Radioactive waste management, Sources of uncertainties of radioactive waste 
inventory, Significance of uncertainties in waste inventory  

Slot of time 10:45 – 12:15 

Lecture B2. Uncertainties in the radiological characterization of spent fuel 

Name Peter Schillebeeckx 

Affiliation JRC 

Synopsis 

The basic principles of uncertainty evaluation and propagation including the 
production of covariance matrices are reveiwed. The production of radiological 
quantities such as the decay power and neutron emission in spent nuclear fuel is 
discussed. The basics behind the theoretical estimation of these quantities 
together with a realistic uncertainty evaluation is explained. In addition, non-
destructive methods to validate the theoretical calculations are presented.  

Transition to 
next talk 

 

Keywords 
Bias, uncertainty propagation, measurement error, systematic effects, covariance 
matrix, depletion codes, decay heat, neutron emission, nuclear data, disposal 

Slot of time 13:30 – 14:30 

Lecture B3. Uncertainties associated with waste management routes 

Name Chris de Bock 
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Affiliation ONDRAF/NIRAS 

Synopsis 

Challenging wastes are wastes for which it is difficult to define an appropriate 
management route.  ROUTES has identified 11 wastes types that are generally 
considered to be challenging wastes. Main blocking points for defining a 
management route are: (1) lack of disposal route, (2) characterization issues, (3) 
treatment or conditioning issues. 

Characterization uncertainties are the root cause of the issues around legacy 
waste. Legacy waste risks being entrapped in a double vicious circle around 
characterization. 

The absence of an established disposal route is the root cause of the early or 
delayed conditioning dilemma. 

Sharing solutions between countries may have substantial benefits, particularly 
for SIMS. Sharing solutions makes needed infrastructure available,  know-how is 
exchanged and costs are shared. However, prerequisite is a common safety 
culture and a level playing field between participating countries. 

Transition to 
next talk 

Possible management options for uncertainties addressed in this lecture will be 
presented in lecture B5. 

Keywords 
Waste management, Characterization, Disposal routes, Legacy waste, Treatment 
and conditioning, Shared solutions 

Slot of time 14:45 – 16:15 

Lecture B4. Options for the management of uncertainties related to the waste inventory 

Name Jeroen Mertens 

Affiliation Bel V 

Synopsis 

Present the results of the survey on the importance of the different types of 
uncertainties related to inventory. Present the uncertainties investigated under the 
4.2 UMAN task. Highlight methods to deal with those uncertainties. Give some 
practical examples of uncertainty management.  

Transition to 
next talk 

 

Keywords 
Uncertainty related to waste inventory, radionuclide inventory, chemical 
composition, physicochemical conditions in storage or disposal 
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• Day 3 (16/02/23) – Views of Civil Society & management of uncertainties related to human 

aspects 

 

 

Slot of time 9:00 – 9:45 

Lecture C1. Views of Civil Society on Uncertainty Management 

Name Julien Dewoghélaëre 

Affiliation NTW 

Synopsis 

Based on work carried out by UMAN Task 5 and the organisation of pluralistic 
seminars, the lecture will provide elements on Civil Society views regarding 
uncertainty management with a focus on human aspects.  

The lecture will present: Model of civil society involvement in EURAD research 
and in UMAN project, results on seminars related to CS views on uncertainty 
management (global picture), results related to uncertainties on human aspects, 
identified methodologies as a way to enable pluralistic management of 
uncertainties. 

Transition to 
next talk 

This lecture will provide a global framework to grasp the lecture C.2. 

Keywords Pluralistic assessment and methodologies, civil society concerns,  

Slot of time 10:00 – 11:15 

Lecture C2. Characterization and significance of uncertainties related to human aspects 

Name Jeroen Bartol 

Affiliation COVRA 

Synopsis 

In this lecture we will present the methods used, lessons learnt and the final results 
of UMAN Subtask n°3.4 – Characterization and significance of uncertainties for 
different categories of actors – Uncertainties related to human aspects. It will focus 
on the ten main uncertainties associated with the following topics and considered 
as of high-priority for further investigation i.e.: 

• Process for the identification of a workable set of repository requirements   

• Continuity of the waste management policy along political changes 

• Robustness of the presently considered safety requirements with regard to 
the long term 

• Public acceptance of the repository at potentially suitable or projected 
location 

• Schedule to be considered for implementing the different phases of the 
disposal programme 

• Robustness of the safety case vis-à-vis sociotechnical factors 

• New knowledge 

• Adequacy of safety-related activities  safety provisions 

• Robustness of safety vis-à-vis possible cyber-attacks or programming errors 

• Availability of well-educated human resources, and relevant experts in 
radioactive waste management along the repository lifetime until closure. 
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Other uncertainties with a lower priority will also be discussed but in less detail. 
Lastly, some recommendations for potential future actions to address human 
related issues within the radioactive waste management programmes that still 
have the greatest uncertainties will be given.  

Transition to 
next talk 

The next talk will provide information about how such uncertainties could be 
managed.  

Keywords Uncertainties related to human aspects,  UMAN Subtask n°3.4 

Slot of time 11:45 – 12:30 & 14:00 – 14:45 

Lecture C3. Options for the management of uncertainties related to human aspects 

Name Jitka Mikšová 

Affiliation SURO 

Synopsis 

The lecture is presenting uncertainties related to human aspects and their possible 
management based on the findings which has been identified and discussed 
within UMAN tasks work. Four different uncertainties were chosen as seen of a 
high importance by main actors in the RWM participating in EURAD, i.e. WMO, 
TSO and RE, completed with CS view. First part of the lecture will be dedicated 
to the Programme uncertainties, especially to Public acceptance and Schedule of 
the disposal programme implementation. The second part of the lecture will 
discuss uncertainties related to a facility construction and the uncertainty related 
to “new knowledge” which can occur during a long lasting disposal programme.  

Transition to 
next talk 

 

Keywords 
Human aspects, programme uncertainties, public acceptance, schedule, new 
knowledge 
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Appendix A. Slides of lectures A.1 & A.2 

A.1 Introduction: Uncertainty management, the safety case & the decision-making process 

A.2 Types of uncertainties 

Prepared by Valéry Detilleux, Bel V 
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Appendix B. Slides of lecture A.3 

A.3 Uncertainty management strategy and approaches 

Prepared by Tim Hicks, GSL 
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Appendix C. Slides of lecture A.4 

A.4 Uncertainty identification and quantification 

Prepared by Vincenz Brendler, HZDR 
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Appendix D. Slides of lecture A.5 

A.5 Approaches to uncertainty and sensitivity analysis – Overview 

Prepared by Klaus Röhlig, TUC 
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Appendix E. Slides of lecture A.6 

A.6 Approaches to uncertainty and sensitivity analysis – Practical examples from the DONUT project 

Prepared by Dirk Alexander Becker, GRS 
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Appendix F. Slides of lecture B.1 

B.1 Characterization and significance of uncertainties related to the waste inventory 

Prepared by Attila Baksay, TSENERCON 
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Appendix G. Slides of lecture B.2 

B.2 Uncertainties in the radiological characterization of spent fuel 

Prepared by Peter Schillebeeckx, JRC 
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Appendix H. Slides of lecture B.3 

B.3. Uncertainties associated with waste management routes 

Prepared by Chris de Bock, ONDRAF/NIRAS 
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Appendix I. Slides of lecture B.4 

B.4. Options for the management of uncertainties related to the waste inventory 

Prepared by Jeroen Mertens, Bel V 
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Appendix J. Slides of lecture C.1 

C.1 Views of Civil Society on Uncertainty Management 

Prepared by Julien Dewoghélaëre, NTW 
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Appendix K. Slides of lecture C.2 

C.2 Characterization and significance of uncertainties related to human aspects 

Prepared by Jeroen Bartol, COVRA 
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Appendix L. Slides of lecture C.3 

C.3 Options for the management of uncertainties related to human aspects 

Prepared by Jitka Miksova, SURO 
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Appendix M. Short career summary of lecturers 

This appendix provides a short career summary for each of the lecturers who prepared and gave the 

lectures of the course. 

 

Valéry Detilleux, Bel V 

Valéry DETILLEUX holds a Ph.D. in physical chemistry from the Université catholique de Louvain 

(Belgium). He joined Bel V in 2011 and works currently at Bel V as a branch manager and a project 

manager. He is notably involved in the review of safety assessments for radioactive waste treatment, 

conditioning and disposal facilities. He is responsible for the development and implementation of a R&D 

programme for supporting the regulatory review of the safety case for a geological disposal facility. He 

is actively involved in the EURAD Joint Programme, notably as Chairman of the Bureau of the General 

Assembly. Moreover, he is the SITEX.Network President since January 2022 and participated in several 

international working groups and projects such as IAEA-GEOSAF II, IAEA-PRISM, EC-FP7-SITEX and 

EC-H2020-SITEX-II. 

 

Tim Hicks, GSL 

Since 1994: Consultant (now Technical Director) at Galson Sciences Ltd, UK (safety of radioactive 

waste management and disposal) 

1988-1994: Researcher at CSM Associates, Cornwall, UK (hot dry rock geothermal energy) 

1986-1988: Post-doc University of East Anglia, UK (semi-conductor crystal growth) 

1988: PhD at University of Bristol, UK (computational fluid dynamics) 

1982: BSc at University of Aston in Birmingham, UK (mathematics) 

Work topics: 

• Environmental safety case methodology 

• Disposal concepts  

• Safety assessment 

• Criticality safety of fissile wastes 

 

Vincenz Brendler, HZDR 

Since 2017: Professorship Radiochemistry at University of Applied Sciences Dresden 

Since 2004: Department head at HZDR (RN migration, surface processes, thermodynamics of 

actinides 

Since 1993: Researcher at Helmholtz-Zentrum Dresden-Rossendorf (HZDR) 

1992-1993: PostDoc at NTH Trondheim (Norway) 

1993: PhD at Bergakademie Freiberg (Physical chemistry of brines) 

1989: Diploma (Chemistry, Bergakademie Freiberg) 

Work topics: 

• Thermodynamics of aqueous solutions 

• Geochemistry 

• Molecular understanding of radionuclide migration 

• Sensitivity and uncertainty analysis 
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Klaus-Jürgen Röhlig, TUC 

Since 2007: University professor for Disposal Systems at TU Clausthal 

2010-2015: Chair of the Integration Group for the Safety Case (IGSC) at OECD/NEA 

1991-2007: Gesellschaft für Anlagen- und Reaktorsicherheit (GRS) mbH Köln  

(scientific officer, project manager, deputy head of department) 

1989-1991: Institut für Energetik Leipzig (scientific officer) 

1989: PhD at Bergakademie Freiberg (mathematical analysis) 

1985-1989: Bergakademie Freiberg (research fellow) 

1985: Diploma (mathematics, Bergakademie Freiberg) 

Work topics: 

• Safety assessment / safety case methodology 

• Analytical assessment of the long-term performance of geotechnical barriers 

• Probabilistic methods and sensitivity analysis 

• Sociotechnical research: Interface of technical and non-technical aspects in nuclear waste 
management 

 

Dirk Alexander Becker, GRS 

From 1989 to 1993 scientific employee of the Institute for Mathematical Physics of the Technical 

University of Braunschweig. From 1993 to 1995 employee of the Safety Analyses Group at GSF-

Forschungszentrum für Umwelt und Gesundheit GmbH. Since 1995 scientific employee of the 

Repository Safety Department of the Disposal Division at Gesellschaft für Anlagen- und 

Reaktorsicherheit (GRS) mbH. Head of group “Statistic Methods”. 

 

Attila Baksay, TSENERCON 

Since 2017: Consultant in TS Enercon Ltd. 

2011-2017: Physicist at Public Limited Company for Radioactive Waste Management 

2008-2011: Physicist at Golder Associates Hungary Ltd. 

2003-2007: Physicist at TS Enercon Ltd.  

2003: Engineer-physicist diploma at Budapest University of Technology and Economics 

Work topics: 

• Radioactive waste management techniques 

• Safety assessment of radioactive waste management facilities 
o Derivation of radioactive waste inventories (derivation of stochastic inventory) 
o Dose assessments for operational phase of waste management facilities  
o Dose / risk assessment of post closure phase for disposal facilities (stochastic 

modelling, sensitivity analysis) 
o HAZOP assessments 

• Calculations for nuclear safety (burnup, criticalty) 

• Software development for safety calculations 

 

Peter Schillebeeckx, JRC 

Since 2001: Scientific officer at European Commission, Joint Research Centre, Geel, Belgium 

1989-2001: Scientific officer at European Commission, Joint Research Centre, Ispra, Belgium  

1988-1989: Scientific officer at  Institut Laue-Langevin, Grenoble, France 

1987-1988: Visiting scientist at the European Commission, CBNM, Geel, Belgium 

1984-1987: PhD student, RU Gent and SCK CEN Moll, Belgium 

Work topics: 
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• Neutron detection techniques 

• Neutron cross section measurements  

• Neutron resonance analysis 

• Production of evaluated nuclear data including covariance data 

• Non-destructive assay of nuclear material (neutron and gamma-ray detection and calorimetry) 

 

Chris de Bock, ONDRAF/NIRAS 

Chris is involved in the management of the acceptance criteria for radioactive waste at ONDRAF/NIRAS, 

the Belgian Agency for management of radioactive waste and enriched fissile material. He is currently 

the coordinator of the expertise group charged with the development of the waste acceptance criteria. 

He is also a task leader in the strategic work package ROUTES of EURAD, a EU joint R&D programme 

on radioactive waste management. He is leader of Task 4, devoted to waste acceptance criteria. Chris 

De Bock was previously the project officer at ONDRAF/NIRAS in charge of the cost evaluation of both 

the geological and surface disposal projects. The cost evaluations provide a key input to the 

determination of the waste tariffs and budget provisions. Also previously at ONDRAF/NIRAS, he was 

chairman of the working group on the re-design of the Belgian geological repository and the preparation 

of its Safety Case. He is co-author of the Safety Analysis Report of the surface repository. Chris 

participated as Module leader in the 5-year R&D project ESDRED (of the EURATOM 6th Framework 

Programme), targeted on developing new geological repository technologies. Prior to joining 

ONDRAF/NIRAS, from 1989 to 2002 Chris De Bock was with Westinghouse Electric Company, where 

he was active in the design and safety evaluation of nuclear power plants. He managed several smaller 

and medium-scale study projects for the improvement of safety and/or efficiency in the fields of pressure 

vessel mechanics, thermo-hydraulics, reactor physics, control instrumentation and also for the 

development of plant-specific emergency response procedures. Chris De Bock holds a degree in civil 

engineering (electro-mechanics) from the university of Leuven (Belgium). 

 

Jeroen Mertens, Bel V 

Since 2019:  Nuclear engineer at Bel V 

2007-2018:  Inspector-Expert Radioactive waste at FANC 

2005-2007:  Nuclear safety analyst AVN  

2001-2005:  Researcher at ONDRAF/NIRAS 

2000-2001:  Researcher at KULeuven 

Work topics: 

• Waste acceptance criteria 

• ‘Disposability’ of radioactive waste 

• Surface disposal, specifically w.r.t: 
o Licensing, 
o Safety assessment, 
o Design,  
o Uncertainty management. 

• Geological disposal  

Julien Dewoghélaëre, NTW 

Mr. Julien Dewoghélaëre has a graduate degree in Politics Sciences (Sciences Po Bordeaux, 2003). 

He has been working in MUTADIS from 2011 to July 2022 on research projects and network activities 

on the governance of hazardous activities, particularly on nuclear related matters. He was involved in 

the SITEX project (2012-2013) and SITEX-II project (2015-2017) and in the development of tools 

enabling pluralistic dialogue between various categories of actors on complex topics (including 

Radioactive Waste Management) entitled Pathway Evaluation Process (PEP). He is currently working 
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for NTW and is member of the team in charge of coordinating the Interaction with Civil Society (ICS) 

activities in EURAD. In UMAN, he is Task leader of TASK 5. 
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Jeroen Bartol, COVRA 

Jeroen Bartol started about five years ago at COVRA, the Dutch waste management organisation, as a 

research coordinator on disposal in rock salt. He is responsible for the safety case, safety assessment 

and the cost estimate. He did his bachelor, master and PhD at Utrecht University in geophysics with a 

focus on numerical modelling. 

 

Jitka Miksova, SURO 

Ms. Jitka Mikšová has received her master degree in applied geophysics at Charles Univesity in Prague 

in 1984. After graduation, she was engaged in the field investigation aimed at water and mineral 

resources as a prospector, then as a head of the Data Processing Department in a private company. 

She has been participating in the national RWM programme since 90s when she joined the Czech 

Geological Survey. Until 2004, as a member of the expert group, she was involved in DGR siting, data 

and information management, GIS implementation, radon programme establishment, until 2004. Then, 

more than 10 years she was working for SURAO (Czech WMO) in the Geological Repository 

Development Department, as a technical development project manager responsible, in particular, for far 

field research, natural analogues, siting issues, she was involved in project management and strategic 

documents development. Between 2014 and 2019 she was working in Nuclear Research Centre Rez, 

in Nuclear Fuel Cycle Department, as a research scientist-expert leading TSO group focusing on RWM. 

She joined SURO in 2017 (part time), since 2019 she is a head of the Division providing services to the 

SUJB (Czech regulatory authority) in the field of RWM, she is a member of the SITEX.Network MB, 

currently participating in EURAD, PREDIS and HARPERS projects and in national research projects on 

RWM. 
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Appendix N. Test 

This test was prepared by the lecturers and performed by the participants at the end of the course. It 

aimed at verifying if the audience had broadly understood the lectures and at receiving feedback about 

the lectures. This is was not a “qualification test”. The correct answers are indicated by a cross in the 

last column below (this information was provided to the course participants after the test). 

 

A1: Introduction to the safety case, uncertainty management strategy and main types of 
uncertainties  
Valéry Detilleux  

Q A1-2.1: Uncertainties…  
  

a  …should not be discussed in the safety case, they have to be discussed in a separate 
document (not evaluated by the regulatory body).  
  

  

b  …are central in the safety assessment and the safety case. The safety case has to present 
how uncertainties are managed.  
  

X  

c  …management in the safety case is a good basis to have a dialogue between the 
interested partners and develop trust between them.   
  

X  

Q A1-2.1: The UMAN work package of EURAD…  
  

a  …contributes to build a mutual understanding about uncertainty management between 
the main actors involved in a radioactive waste management programme.  
  

X  

b  …identified that it is absolutely impossible to develop a mutual understanding about 
uncertainty management.  
  

  

c  …showed that uncertainties about waste inventory do not have to be managed, they are 
absolutely not safety significant.  
  

  

Q A1-2.3: All the uncertainties that are identified in a radioactive waste management programme 
can be reduced.  
  

a  Yes  
  

  

b  No, only epistemic uncertainties can (in principle) be reduced.  
  

X  

c  No, only uncertainties related to technical aspects can be reduced (and not those 
associated to human aspects).  
  

  

  

A3: Uncertainty management strategy and approaches  
Tim Hicks  

Q A3.1: A safety case produced at each decision-making stage in a disposal programme, should…  
  

A  …show that there are no remaining uncertainties that could be significant to safety   
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B  …include a plan for how and when any remaining uncertainties that could be significant to 
safety will be addressed  
  

X  

C  …argue that any remaining uncertainties that could be significant to safety will be 
addressed by the next decision-making stage  
  

  

Q A3.2: All uncertainties…  
  

a  …should be reduced, mitigated or avoided with the objective of ensuring that the 
detrimental impacts of disposal are as low as is reasonably achievable  
  

X  

b  …should be reduced, mitigated or avoided   
  

  

c  …should be reduced, mitigated or avoided until they are of no significance to safety  
  

  

Q A3.3: Events and processes of irreducible uncertainty regarding their occurrence….  
  

a  …do not need to be considered in a safety assessment  
  

  

b  …can be characterised in terms of their probability of occurrence for inclusion in 
probabilistic safety assessments  
  

  

c  …can be assessed through deterministic or ‘what-if’ scenarios to understand their 
potential impacts on safety  
  

X  

  

A4: Uncertainty identification and quantification   
Vinzenz Brendler  

Q A4.1: What is the difference between aleatoric and epistemic uncertainties?  
  

a  Whether it is (theoretically) possible to reduce theuncertainty or not  
  

X  

b  Whether it concerns model or parameter uncertainty  
  

  

c  Whether it can be used for sensitivity analyses or not  
  

  

Q A4.2: What is the difference between risks and uncertainty?  
  

a  Risk is a psychological category, uncertainty a scientific one  
  

  

b  Risk is uncertainty combined with consequences  
  

X  

c  Risk is scenario-based, uncertainty is model-based  
  

  

Q A4.3: How can you manage uncertanties that turned out to be not neglectable?  
  

a  Do more investigations to check whether they can be reduced  
  

X  

b  Change system components to get rid of the respective parameter (and thus its 
uncertainty)  

X  
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c  Search for good reasons why they are still acceptable for the public  
  

  

  

A5: Approaches to uncertainty and sensitivity analysis – Overview  
Klaus-Jürgen Röhlig  

Q A5.1: Sensitivity analysis: Local methods can be based on …  
  

a  … calculating the output variance.  
  

  

b  … estimating output derivatives.  
  

X  

c  … estimating correlation ratios.  
  

  

Q A5.2: Sensitivity analysis: Screening methods …  
  

a  … are supposed to detect non-monotonic input-output relationships.  
  

  

b  … often require specific space-filling sampling schemes and high sample sizes.  
  

  

c  … are supposed to identify uninfluential input parameters with relative few model 
evaluations.  
  

X  

Q A5.3: Sensitivity analysis: Variance-based methods …  
  

a  … are unable to detect non-monotonic input-output relationships.  
  

  

b  … might be able to detect input correlations.  
  

  

c  … might be able to detect input interactions.  
  

X  

  

A6: Approaches to uncertainty and sensitivity analysis – Practical application  
Dirk-Alexander Becker  

Q A6.1: What does sensitivity analysis not serve for?  
  

a  Improving model understanding  
  

  

b  Validating the model  
  

x  

c  Identifying influential model parameters  
  

  

Q A6.2: For polynomial metamodels, how should one choose the maximum polynomial orders?  
  

a  Not lower than 3  
  

  

b  The higher the better  
  

  

c  Carefully, depending on the model  
  

x  
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Q A6.3: What does it mean if the rank-based sensitivity analysis yields, for a specific parameter, a 
lower (absolute) sensitivity than the direct evaluation?  
  

a  The parameter acts mainly on high model output values  
  

x  

b  The parameter acts mainly on low model output values  
  

  

c  The parameter is very uncertain  
  

  

  

B1: Characterization and significance of uncertainties related to the waste inventory   
Attila Baksay  

Q B1.1: What are the sources of the uncertainties related to radioactive waste inventory?  
  

a  Waste stream identification, Waste production rate, Radiological- Physico - Chemical 
Characterization, Waste processing (Pre-treatment, Treatment, Conditioning ), Long-term 
physico-chemical interactions in Storage and Disposal  
  

X  

b  Only the radiological characterization provides significant uncertainties in the radioactive 
waste inventory.  
  

  

c  Scaling factor methodology used in radioactive waste characterization. Chemical 
properties of the waste. Long term behavior of the waste packages related to the final 
disposal.  
  

  

Q B1.2: In which areas does the uncertainty about the waste inventory play a role?  
  

a  The operational and post closure safety of the radioactive disposal sites is the related 
issue that can be effected by these uncertainties.  
  

  

b  Basically every aspects of radioactive waste management; operational and post-closure 
safety of the facilities, design of these facilities, selection of waste management routes. 
The uncertainties also have impact on the optimization of the predisposal and disposal of 
the radioactive waste.  
  

X  

c  The operational safety of the radioactive waste management facilities is the main issue, 
where the accidents related to waste treatment can be prevented.  
  

  

Q B1.3: What efforts are to be done in order to minimize the uncertainties related to the 
uncertainties of radioactive waste inventory?  
  

a  Development of radiological characterization. Improvement of Quality Assurance and 
Quality Control of the radiological characterization.  
  

  

b  The efforts of organisations involved in radioactive waste management to minimise these 
uncertainties cannot be foreseen. The scope for speculation is too great.  
  

  

c  Development in methodologies and technologies of radiological and non-radiological 
characterization. Efforts for multiple characterization of waste packages through the 
predisposal steps. Improvements in statistical methodology related to better process 
measured data. Improvement of Quality Assurance and Quality Control of the 

X  
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characterization and in the process of waste processing. Data collection in order to 
understand storage systems and disposal systems.  
  

  

B2: Uncertainties in the radiological characaterization of spent fuel  
Peter Schillebeeckx  

Q B2.1: What is the best procedure to estimate the decay heat rate (or decay power) of a spent fuel 
assembly together with the long timescale evolution of the decay power (> 100 year)?  
  

a  Determine the inventory of 90Sr, 106Ru, 137Cs, 144Ce, 238Pu and 241Pu from a  representative 
sample by radiochemical analysis and use this inventory to calculate the decay power as a 
function of cooling time.   
  

  

b  Determine the decay power of the assembly by measurements with a calibrated and 
validated calorimeter and extrapolate the result for longer timescales.  
  

  

c  Use a validated depletion code to estimate the nuclide inventory at the end of irradiation 
in the reactor and use this inventory to calculate the decay power as a function of cooling 
time  
  

X  

Q B2.2: What is the minimum relative uncertainty of the calculated neutron emission rate due to 
spontaneous fission of a PWR spent nuclear fuel assembly with a cooling time of 10 years? The 
calculations are performed with the following input data: IE (initial enrichment) = 4.480 (45) wt% and 
BU (burnup) = 45.0 (9) MWd/kg.     
  

a  2%  
  

  

b  4%  
  

  

c  8%  
  

X  

Q B2.3: A measurement of a spent nuclear fuel sample with a calorimeter results in a decay power of 
230 (9) W. An estimation of this decay power (for the same cooling time) using a reference method 

results in (300  6) W. What is the estimated systematic error of the result of the calorimeter?   
Note that the uncertainties are given following the recommendations in the GUM.  
  

a  - 70.0 (95) W  
  

X  

b  - 70 (11) W  
  

  

c   70.0 (95) W  
  

  

  

B3: Uncertainties associated with waste management routes  
Chris De Bock   

Q B3.1: What can be considered to be the essence (“backbone”) of radioactive waste management ?  
  

a  The characterization of the radioactive waste  
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b  The definition, for each waste type, of a route of activities from the generation of the 
waste to its disposal  
  

X  

c  The availability of a radioactive waste disposal facility  
  

  

Q B3.2: Name two important disadvantages of early conditioning (without an established disposal 
route)  
  

a  1. Uncertain qualification of the conditioning process   
2. Need to keep the conditioned waste packages in storage for a long period of time  

  

  

b  1. Not being able to benefit from future more efficient conditioning techniques   
2. Increased risk of degradation of the conditioned waste packages during storage   

  

  

c  1. Uncertain acceptability of the conditioned waste packages for the disposal facility  
2. Early (up-front) investments  

  

X  

Q B3.3: What is an important prerequisite to developing shared solutions ?   
  

a  All participating countries must be countries with a small radioactive waste inventory.   
  

  

b  A common safety culture and a level playing field must exist between participating 
countries.  
  

X  

c  All participating countries must have a certain level of creditworthiness.  
  

  

  

B.5.: Options for the management of uncertainties related to the waste inventory  
Jeroen Mertens  

Q B5.1: Which of the following is a way in which the uncertainties related to chemical composition of 
the waste could be represented in the Safety Assessment  
  

a  By performing laboratory experiments that reduce the uncertainties  
  

  

b  By using conservative assumptions/parameter settings that envelope the uncertainties  
  

X  

c  By listing them as uncertainties that will be dealt with in a next iteration of the Safety 
Assessment  
  

  

Q B5.2: What is a way in which uncertainties related to physical-chemical conditions in the disposal 
installation could be reduced   
  

a  By performing monitoring of the above ground storage conditions (t°, humidity)  
  

  

b  By representing the uncertainties in altered evolution scenarios  
  

  

c  By performing mock-up experiments that simulate the physico-chemical environment of 
the disposal  
  

X  
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Q B5.3: What uncertainties related to waste inventory were seen by the Waste management 
organisations/Technical support organisations/Research Entities as not very important   
  

a  Uncertainties related to radionuclide activity  
  

  

b  Uncertainties related to chemical composition  
  

  

c  Uncertainties related to voids in the waste  
  

X  

  

C1: Views of civil society on uncertainty management  
Julien Dewoghelaere  

Q C1.1: Why is it interesting to implement interactions between experts and civil society in the 
perspective of uncertainty management?   
  

a  It is a legal requirement  
  

  

b  Such interactions will help to develop a mutual understanding of the uncertainties at stake 
and to disseminate a shared safety culture  
  

X  

c  There is no interest  
  

  

Q C1.2: Regarding civil society views on human uncertainties, which of the following statement is 
true (based on the UMAN results)?  
  

a  Public acceptance should be understood as a way to guarantee the quality of the 
uncertainty management rather than an uncertainty in itself  
  

X  

b  It is possible to postpone decisions endlessly without any alternatives in mind  
  

  

c  The apparition of new knowledge undermines the credibility of the safety review  
  

  

Q C1.3: UMAN project identified methodologies to implement pluralistic management of 
uncertainties. Regarding these methodologies, which of the following statement is true?  
  

a  The involvement of civil society in the management of uncertainty does not require an 
appropriate legal framework   

  

b  The Pathway Evaluation Process (PEP game) is the method for the involved actors to 
choose the best technical solution   

  

c  Long-term/rolling stewardship, understood as a well-structured governance system could 
help ensuring intergenerational transmission of information, empowerment of 
communities and cultural heritage  

X  

  

C2: Characterization and significance of uncertainties for different categories of actors    
Jeroen Bartol  

Q C2.1: During the identification of the uncertainties, each uncertainty was assigned an category. 
Which was not a category?  
  

a  Societal  
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b  Political  
  

  

c  Safety  
  

x  

Q C2.2: Which of the uncertainties here below were considered in the list of the 10 uncertainties 
that  were elaborated on within more details and were used in the questionnaire?  
  

a  Continuity of the waste management policy along political changes  
  

x  

b  Human intrusion  
  

  

c  Public acceptance of the repository at potentially suitable or projected location  
  

x  

Q C2.3: What should you always do when you make a decision to include or exclude an uncertainty 
from the list of uncertainties that need further research?  
  

a  Nothing.   
  

  

b  Record why you made that decision and arguments why it was excluded or included and 
include this in the final report.  
  

x  

c  Make a note of why an uncertainty is included or exclude but do not put this in the final 
report.  
  

  

  

C3. Options for the management of uncertainties related to human aspects  
Jitka Miksova  

Q C3.1: Is it a public acceptance one of the important factors for a successful siting process? Has a 
public acceptance a direct impact on a disposal facility safety?  

a  The public acceptance is important and has a direct impact on the facility safety  
  

  

b  The public acceptance is important and but has not a direct impact on the facility safety  
  

x  

c  The public acceptance is not important and has a direct impact on the facility safety  
  

  

Q C3.2: Can uncertainty in the financial and raw resources affect the schedule of the RW programme 
implementation? Can be this uncertainty in the schedule avoided?  

a  An uncertainty in the financial and raw resources can affect the schedule and can be 
avoided.  
  

  

b  An uncertainty in the financial and raw resources can affect the schedule and can be 
avoided.  
  

  

c  An uncertainty in the financial and raw resources can affect the schedule and cannot be 
avoided.  
  

x  

Q C3.3: Should the safety case specify how uncertainties caused by human factors are identified, 
how they are characterized and what is the approach for their management? Should be these 
uncertainties evaluated within Periodic Safety Review?  
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a  The management of uncertainties caused by human factors is not a part of safety case 
thus there is no need to periodically evaluate them within Periodic Safety Review.  
  

x  

b  The management of uncertainties caused by human factors should be an integral part of 
safety case but there is no need to evaluate them within Periodic Safety Review.  
  

  

c  The management of uncertainties caused by human factors should be an integral part of 
safety case and should be periodically reviewed.  
  

  

  
  

 


