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What is UMAN project about? 

Decisions associated with Radioactive Waste Management (RWM) programmes are made in the 
presence of irreducible and reducible uncertainties. Responsibilities and role of each stakeholder, the 
nature of the RW disposal programme and the stage of its implementation influence the preferences of 
each category of actors in approaching uncertainty management. EURAD WP UMAN carries out a 
strategic study about the management of these uncertainties. This study is based on extended 
exchanges of the experience accumulated in the national RWM programmes by a broad range of 
stakeholders representing WMOs, TSOs, REs and Civil Society, as well as on a review of knowledge 
generated by past and on-going R&D projects, and findings of international organisations (such as IAEA, 
NEA, etc.).  

UMAN discusses the classification schemes and approaches applied to the uncertainties management 
and identifies possible actions to be considered in the treatment of uncertainties. The relevance for 
safety of the uncertainties associated with site and geosphere, human aspects, spent fuel, waste 
inventory, spent fuel and near-field, as perceived by each type of the above mentioned stakeholders, 
and approaches used by these stakeholders to manage these uncertainties are explored via 
questionnaires, workshops and seminars, with the aim to reach either a common understanding on how 
uncertainties relate to risk and safety and how to deal with them along a RWM programme 
implementation, or, when agreement is not achieved, a mutual understanding of each individual view. 
As result of these activities, UMAN identifies uncertainties assessed as highly significant for safety and 
associated R&D issues that should be further investigated. 

This Work Package (WP) of EURAD includes the following tasks: 
• Task 1 - Coordination, interactions with Knowledge Management (KM) WP & integration 
• Task 2 - Strategies, approaches, and tools 
• Task 3 - Characterization and significance of uncertainties for different categories of actors 
• Task 4 - Uncertainty management options and preferences of different actors across the various 

programme phases 
• Task 5 - Interactions between all categories of actors including Civil Society 

Interactions between the different tasks and types of actors including civil society are central to this WP. 
These interactions take place notably through workshops (Task 4) and seminars (Task 5) where the 
significance of identified uncertainties (Task 3) as well as possible strategies and options to manage 
them (Tasks 2 and 4) are discussed. 

 

 
Figure 1 – UMAN WP structure and interactions 
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Executive Summary 

This report provides information about the work carried out in UMAN Task n°5 - Interactions between 

all categories of actors, including Civil Society in the frame of Subtask 5. 1 – Preparation, support and 

reporting of pluralistic analyses, topic 1: Meaning for different actors of uncertainty management and of 

its relationships with risk, safety and the safety case. Various inputs were used for Topic 1 but the central 

instrument was a seminar held on 26-27 October 2020 (“UMAN seminar 1. What does uncertainty 

management mean for different types of actors and how is it related to risk, safety and the safety case?”). 

The report provides a description and interpretation of the seminar. 

The general views of WMOs, TSOs, REs, CS representatives, and regulators about uncertainty types 

are rather similar. There are differences, though, with respect to priorities and focus:  

Safety relevance is an important aspect for all actors. However, WMOs, regulators, and TSOs are in a 

position to produce or to review the Safety Case (SC) and therefore to classify particularly technical 

uncertainties with a holistic view on the repository system, while REs remain rather focused on their 

area of expertise. To overcome this, long-term engagement of REs in the programme is needed.  

More generally, uncertainties related to staff and knowledge management at large are recognised as a 

challenge. Also, political, financing, security (including cyber security), environmental, and logistical 

uncertainties require more attention. CS representatives are particularly concerned about these and 

other “non-technical” uncertainties, including intentional and unintentional Human Intrusion as well as 

the “unknown unknowns”. 

In regards with the views of the actors on uncertainty management, it was generally agreed that 

regulatory and TSO research is essential for independent SC reviews. More attention should be paid to 

managing “unknown knows” (a better term for which might be “ignored knowns”), e.g., by means of 

establishing appropriate management systems and developing a safety culture. CS representatives 

stressed that the most important uncertainty is the societal understanding of the system, and that 

technical and political uncertainties are related and hence should not be separated and see their 

involvement in an open dialogue discussing uncertainties as a contribution to safety. In the view of CS 

representatives, reversibility, recoverability, and approaches of rolling stewardship are potential means 

to manage uncertainties.  

The concept of a “safety envelope” as introduced into IAEA’s GEOSAF project was discussed in relation 

to the evolution of uncertainties. Addressing issues inside the envelope was seen as a minimal 

requirement, but the scope, and thus the envelope, will evolve over time, with the aim that finally (e. g. 

at the licensing stage) the envelope will embrace the real situation and converge with views by different 

actors.  

Generally, it can be concluded that the need for “mitigation” of differences in actors’ views on uncertainty 

management, types, and evolution is seen as rather limited, but an open discourse is essential for each 

programme. Transparency is paramount, for which appropriate communication tools are needed. 

With respect to CS interaction, effective implementation of the Aarhus Convention is seen as a key 

element guaranteeing access to information and participation in the process. An essential question is 

how to present information to the CS so that it is well perceived and understood. This concerns the level 

of technical detail provided and the ability of experts to explain the information.  
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1. Introduction 

This report provides information about the work carried out in UMAN Task n°5 - Interactions between 

all categories of actors, including Civil Society. According to UMAN’s Work Package (WP) description, 

the objectives of Task n°5 are: 

● To develop a common understanding or understanding of the different viewpoints among the 
different categories of actors on: 

o uncertainty management and how it relates to risk & safety, 
o whether and why a safety case is robust vis-à-vis uncertainties. 

● To share knowledge/know-how and discuss common methodological/strategical challenging 
issues on uncertainty management among a broader group of actors. 

More specifically, the report is addressing Subtask 5. 1 – Preparation, support and reporting of pluralistic 

analyses, Topic 1: 

Meaning for different actors of uncertainty management and of its relationships with risk, safety, and 

the safety case 

As foreseen in the WP description, various inputs were used for Topic 1 and, thus, for this report, but 

the central instrument was a seminar held on 26-27 October 2020 (“UMAN seminar 1. What does 

uncertainty management mean for different types of actors and how is it related to risk, safety, and the 

safety case?”). Other inputs were used in the preparation and introductory talks of the seminar. 

Consequently, the report consists of a description and interpretation of the seminar. 

2. Conception and preparation of the seminar 

The central idea of the seminar was to bring together and to juxtapose the views of EURAD’s four actors’ 

groups, namely: 

● Waste Management Organisations (WMO), 
● Technical Support Organisations (TSO), 
● Research Entities (RE), and 
● Civil Society (CS) Representatives. 

Early in the preparation phase, it was agreed by the Task 5 team that also regulators should take part 

in the seminar. This was important when preparing Milestone MS25: Composition of the pluralistic 

stakeholder group for Seminar 1. “For seminar 1, a participation of around 40 people is envisioned. It 

includes UMAN Task 5 members, other EURAD members (including CS experts), around 5 members 

of the CS larger group, some representatives of the regulatory authorities (STUK from Finland, FANC 

from Belgium, ASN from France, BfE from Germany, a representative from an authority of an Eastern 

country to be determined).” (Excerpt from the meeting notes of the Task 5 kick-off meeting held on 

October 10-11, 2019, note that BfE in the meantime has been renamed to BASE). 

Initially it was planned to initialise and to facilitate the discussion at the seminar by means of a serious 

game (an interactive activity combining a "serious" intention - pedagogical, informative, communicative 

- and playful mechanisms) “Pathway Evaluation Process” (PEP), which consists in an exercise of 

pluralistic and comparative assessment of alternative scenarios on long-term management of 

radioactive waste. The approach had been successfully tested at the Task 5 kick-off meeting but later 

fell victim to the COVID-19 pandemic: The seminar had to be held online and carrying out an online 

version of PEP was not considered feasible. 

A set of inputs for the seminar were identified, namely various UMAN deliverables or draft deliverables 

(D10.2, D10.5, D10.10) as well as information from relevant recent and ongoing activities: InSOTEC, 

Modern2020, an ongoing OECD/NEA initiative on safety case communication and uncertainty carried 

out by the Working Parties IGSC and FSC, various German interdisciplinary / transdisciplinary projects 

as well as personal experience of the Task 5 participants. 
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1. Further, representatives of the aforementioned actors’ groups were to prepare keynotes as 
inputs for the seminar. These were later to be reviewed by other UMAN task 5 participants (by 
categories of actors). At the 2nd Task 5 meeting (31 January 2020) four main topics were agreed 
upon, after further revisions, they were rearranged into the three topics below: Meaning of 
Uncertainty Management & Types of Uncertainty, 

2. Evolution of uncertainties, and  
3. Interactions with Civil Society 

The keynotes were then further discussed in working group (breakout) sessions the results of which 

were finally presented and synthesised. The agenda of the seminar is attached as Appendix A of this 

document, the Terms of Reference as Appendix B. 

3. UMAN seminar 1 

3.1 Introductory session 

The objectives and methodology of the seminar as outlined in section 2 above were presented by the 

Task leader. Furthermore, especially for the benefit of the participants coming from outside UMAN, the 

context, objectives and working methods of the whole UMAN WP were presented. Then, the UMAN WP 

leader gave an overview of views on uncertainty-related issues in the context of the Safety Case. 

3.2 Keynotes 

3.2.1  Uncertainty management and types 

In the WMO presentation on “Uncertainty management and types” a technical view on the disposal 

system was given by taking the perspective of the overall protection objectives of disposal with a focus 

on post-closure safety. Inter alia, the following points were stressed: 

● The safety case includes all underlying documentation, research, waste records etc. so that all 
claims around safety can be audited and tested. 

● Uncertainty management describes the approach by which a WMO handles this lack of 
knowledge. 

● Uncertainty management is a key aspect in the production of a safety case. 

It was stressed that there will always be remaining uncertainties, which is not a problem in itself. 

However, it is important that the claims made in a safety case are true in the presence of such 

uncertainties. Therefore, their significance has to be evaluated e. g. by means of “performance metrics” 

as e. g. risk. As uncertainty types important for WMOs  

● Programme uncertainties, 
● Societal uncertainties, and 
● Safety case uncertainties 

were mentioned. 

In the TSO presentation, the following uncertainty types were named: 

● uncertainties associated with the national RW disposal programme & other «prevailing 
circumstances», 

● uncertainties associated with the quality of input data, 
● uncertainties on the future evolution of the disposal system, 
● uncertainties associated with the completeness of the FEPs, 
● uncertainties associated with the quality of the Safety Assessment (SA). 

These categories were juxtaposed with those identified by other international projects and documents. 

It was stressed that uncertainty management falls in the responsibility of the implementer (i. e. the WMO) 

but that TSOs must be brought into a position enabling informed reviews. This requires the need for own 

capacities and capabilities, which might be developed by means of own research and development 
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(R&D), own assessments and own management systems. In the reviews, TSOs have to follow the 

requirements made by authorities. 

In the RE presentation, the distinction of uncertainty types as typical for SA (epistemic versus aleatory, 

scenario, model, and parameter uncertainties, cf. Figure 1) was presented, followed by the recognition 

that such categorisation is always a question of framing. Taking a wider perspective, 

● uncertainties concerning technical feasibility, 
● human factors when 

o planning a repository, 
o compiling a Safety Case, 
o constructing, operating, and closing a repository, as well as 

● uncertainties concerning organisation and management, e. g. 
o funding uncertainty, staff fluctuation 

also need to be considered. Also, distinguishing the availability of information and the question whether 

the level of available information is used (or otherwise), one can distinguish known unknowns, unknown 

knowns (i. e. issues in principle known but not taken into account due to lack of awareness or ignorance), 

and unknown unknowns.  

 

Figure 2 – Uncertainty categorisation typically made in SA, inspired by Galson & Kursheed 2006 [1] 

 

The categorisation was then juxtaposed with the one developed for UMAN Milestone 21 “UMAN Draft 

D10.5 Views of actors on uncertainties in the safety case” [2] namely: 

● Programme uncertainties 
● Uncertainties associated with the initial characteristics of the waste, site and engineered 

components. 
● Uncertainties in the evolution of the disposal system and its environment, including the effects 

of events and processes that may affect the initial characteristics of the disposal facility (e.g., 
hazards that may occur during construction and operation). 

● Uncertainties associated with the data, tools and methods used in the safety case. 
● Uncertainties associated with the completeness of the FEPs considered in the safety case. 

It was concluded that “scenario”, “model” and “parameter” uncertainties as well as “organisation and 

management” uncertainties are well covered while uncertainties related to technical feasibility, 

“unknown (ignored) knowns”, “unknown unknowns”, and human factor are less visible. 
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Similarly, as in the TSO presentation, it was stressed that uncertainty management is primarily a WMO 

responsibility. The approach taken by Vigfusson et al. (2007) [3] was reiterated: “Uncertainties need to 

be carefully identified and tracked and it is recommended that a register of significant uncertainties is 

required as part of the safety analysis for a disposal system. Once uncertainties have been identified, 

the question of their further management arises. It is thus also recommended that the developer of the 

disposal facility should present a clear forward strategy for managing uncertainties. 

Developing such a strategy involves asking at least the three following questions for each uncertainty: 

● Is the uncertainty important? 
● Can the uncertainty be avoided, mitigated, or reduced? 
● Can the uncertainty be quantified?” 

It was concluded that this approach, however, is focussed on “known unknowns”. Unknown (or more 

precisely: ignored) knowns can be addressed (i.e., taken into account rather than being ignored) by 

means of appropriate safety culture. For “unknown unknowns”, robustness can be a means to address 

them, but the question arises to what extent it is optimally and cost-effectively appropriate. The question 

of guiding principles was also asked. E. g. the minimax principle (i. e. optimising for the least favourable 

case / scenario) leads to the question of how much speculation is appropriate when deriving such a 

scenario or case. In the CS presentation, first the role of CS organisations in EURAD was clarified. 

Despite not being “active” researchers, they are interested in reaching safe RWM solutions and in 

contributing.  

Parts of the CS presentation take advantage from replies to a questionnaire sent to the CS larger group 

in May 2020. In response to the question “What important uncertainties do you see in each phase of the 

RW backend management?” uncertainties were identified in relationship to the programme phase (Table 

1) as well as to the areas concerned (Figure 2). The answers to this question were compiled in an Excel 

sheet for a later analysis, as described in the document “Uncertainties in Nuclear Waste Management 

– Views of the Civil Society’s Group” presenting preliminary elements for deliverable D10.17 [4]. 

 

Table 1 – Summary of replies to Question 1: What important uncertainties do you see in each phase of 
the RW backend management? 

Phase   Total uncertainties named: 679 

Phase 0 Policy, framework and program establishment 137 

Phase 1 Site evaluation and site selection 133 

Phase 2 Site characterization 109 

Phase 3 Facility construction 94 

Phase 4 Facility operation and closure 104 

Phase 5 Post closure 102 
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Figure 3 –Distribution of CS answers per types of uncertainties (Questionnaire replies- total answers 
over all phases) 

 

It was further stressed that possible evolutions of the political and societal context require particular 

attention. Unknown unknowns should get particular attention but also pose a conceptual problem. Also, 

residual risks should be accounted for, irrespectively of their perhaps low probability. Lack of Public 

information and transparency was identified as a cause of uncertainty. Long implementation times were 

considered an asset for managing uncertainties. Concerns were raised that achieving solutions for 

waste management might give raise to further nuclear energy use. 

Concerning governance issues, it was stressed that independence of the authority and governing bodies 

is essential. Scepticism was expressed concerning compensation policies as they might decrease 

awareness concerning safety issues. Evolution over time might require a flexible interpretation of safety 

standards. Concerns were raised about the impact of political and other non-technical uncertainties. 

3.2.2  Evolution of uncertainties 

In the WMO presentation, strategy options for handling uncertainties over time were mentioned, e. g. 

● for programme uncertainties: 
o early full-scale programme experiments, technology transfer from other WMO’s, 
o contingency planning, 
o regular two-way engagement with local government, national government, and 

regulators to gain an early understanding of potential changes and to feedback 
implications, 

o providing an underpinned range for estimates of the programme cost with the 
‘uncertainty funnel’ linked to key milestones. 

● for societal uncertainties: 
o regular two-way engagement with local communities and civil society with mutual 

respect and trust, 
o metadata policies, knowledge management activities, training plans, investment in 

younger staff. 
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It was stressed that programme and societal uncertainties reduce with time as the point of facility closure 

nears. For managing “Safety Case uncertainties” the following approaches were named: 

● demonstrate that the uncertainty is irrelevant (i.e. the uncertainty in a particular process is not 
important to the safety outcome because it is controlled by other processes), 

● look to mitigate or remove the uncertainty (e.g. where a design or concept may be changed), 
● address the uncertainty explicitly using probabilistic techniques, 
● bound the uncertainty and show that even in the bounding case the safety outcome is 

acceptable, 
● rule out the uncertain process or event, usually on the grounds of very low probability of 

occurrence, or because other consequences, if the uncertain event would happen, would far 
outweigh concerns over the facility’s performance, 

● agree a stylised approach for handling an uncertainty (e.g. the use of internationally agreed 
reference biosphere models). 

In the TSOs’ presentation, it was stressed that uncertainties evolve in very different ways, dependent 

on the type they belong to. The approach to manage uncertainties has to be adapted accordingly to the 

different programme phases and the decisions to be taken. TSO’s expectations at the steps at hand are 

summarised in the European Pilot Study, EPS (2016) [5], while a generalising view on the relationship 

of uncertainties, safety, licensing decisions and R&D is given by Lemy & Bernier (2013) [6]. Measures 

for dealing with new uncertainties include: 

● the defence in depth principle, 
● the implementation of a stepwise and flexible decision-making process where the validity of 

assumptions made at one phase is verified during subsequent phases through RD&D, 
characterisation, monitoring and inspection activities, 

● the implementation of an experience feedback programme based on construction and 
operational feedback as well as international experience, and 

● the systematic implementation of management system principles. 

For science and research, and thus for REs, addressing uncertainty and “producing knowledge” can be 

considered a “core business”. Attitudes to their contextualisation in terms of safety relevance vary 

dependent on the role an RE takes in a disposal programme – REs might be working within the 

programme either for the implementer (WMO) or for the authority but might also be working outside this 

implementer-regulator relationship either by performing programme-related and thus application-

orientated but “independent”, or more general (basic) research. With the proximity to the programme, 

the focus on safety-relevant issues increases but the scope of research widens when it is performed 

“farther away” from the programme. Motivations other than safety such as general research interest, 

science policy, but also funding issues come into play. There might even be cases in which alleged 

programme relevance is claimed without knowledge about the existing safety or feasibility problems at 

hand, perhaps in order to increase motivations for funding. This observation goes along with the finding 

from UMAN’s milestone MS 241 [7]: 

“Overall understanding of this very complex repository system is at hand only for very few experts if 

any.” 

“Too often in national programmes, research entities are only involved in developing of process 

understanding while process coupling in the overall analysis of a repository site and in scenario 

development is left to engineers of WMOs or TSOs. A stronger involvement of RE in scenario 

development and safety analysis would allow to identify overlooked interdependencies and other 

shortcomings. This requires of course that RE are willing to commit in long term engagement.” 

 
1 This document is a draft version of the UMAN deliverable 10.10 which has been delivered during the redaction of 

this document. In the References appendix, the deliverable 10.10 will thus replace the milestone MS 24. 
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In the RE presentation, these observations were complemented by stating that they might sometimes 

be true even for specialists working for WMOs and TSOs. As mentioned above, such “lack of inclusion” 

sometimes might lead scientists to address issues not so relevant for disposal, (while claiming that they 

are relevant), and asking for funding. Another important issue is that such inclusion (or lack thereof) is 

not only a question of “willing”, but also of “being able to”. The latter needs sustainable funding. 

In the CS presentation, the questionnaire results (cf. above) were mapped to both phase of programme 

evolution and area concerned (Figure 3). 

 

Figure 4 – Questionnaire replies: Uncertainties mapped to programme phases and areas concerned 

 

In the presentation concerns were raised particularly  

● with respect to the investigation of programme alternatives in order to address uncertainties in 
the process itself, 

● with respect to retrievability, recoverability and related knowledge transfer. 

Given that apparently the next EURAD phase will not focus on the post-closure phase, it was stated: “It 

is uncertain if taking the post-closure phase out of the main EURAD focus will ensure the necessary 

research on questions like how to reach a common understanding if future generations should be 

warned about the DGR and, if yes, how they can be informed.” 

Furthermore, the precautionary principle as guidance for decision-making and the idea of rolling 

stewardship for RWM were advocated.  

3.2.3  Interactions with CS 

For WMOs, CS is a key stakeholder to RWMOs as they implement geological disposal, including: 

● Local communities near to the disposal facility, 
● Communities on waste shipping or transport routes, 
● Special interest groups (e.g., environmental groups, energy groups, nuclear groups, unions), 

and 
● Learned societies. 
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Regular discussion and information exchange as well as addressing potential community benefits are 

crucial. Stakeholders might provide input on technical and infrastructure issues. Potential difficulties in 

the interaction are seen in: 

● the common interpretation that ‘uncertainty (incomplete knowledge)’ necessarily equals 
‘insufficient knowledge’, 

● the difference between ‘demonstrating future safety’ and ‘predicting the future’, 
● lack of trust (due to perceived lack of transparency, secrecy, past nuclear incidents), 
● the complexity of the science of the overall system, 
● the magnitude of the pre-closure timescales being considered (communication across multiple 

generations), 
● the magnitude of the post-closure timescales being considered, and 
● views about the possibility that future science will deliver an alternate solution (‘why now?’). 

The presentation concluded with considerations about the potential impact of the pandemic on risk 

perception and on the need to act given the existence of the waste. 

In the TSO presentation, various issues affecting credibility of, and trust in, actors were identified 

including the general lack of trust in institutions and negative experiences, which can be addressed by 

strengthening the dialogue with CS.  

A further complicating issue is the complexity of the Safety Case and the Safety Assessment. Concerns 

expressed by CS actors include fears about disruptive alternative evolution scenarios, the significance 

of which is hard to assess. A more concrete definition of uncertainties e.g. based on their nature rather 

than on the way they are treated in the SC might be helpful for communication in that respect. This 

should become part of a continuous dialogue, if possible in the context of local partnerships, about the 

objectives of the SC at hand, the key uncertainties and strategies for their management. Involvement of 

pluralistic expert groups in SC review and a thorough documentation are considered important. More 

international exchange of knowledge and experience about CS involvement should be aimed at. 

According to the RE presentation, trust of CS actors in RE or in scientists in general depends on their 

role in the programme: Vicinity to actors, especially implementers, might decrease trust, perceived or 

real “independence” of scientists is seen as an asset, although the concept of independence is not well-

defined.  

Often, concerns expressed by CS actors relate to “unknown unknowns”, including those related to 

human intrusion issues and to uncertainties about phenomenological understanding and model 

conceptualisation and implementation. Sometimes, such concerns amount to serious doubts about the 

validity of the SC as such. Probably, this relates to the (mis-)conception that a SC aims at predicting the 

future. Risk aversion seems common amongst SC actors. All these points are related to post-closure 

safety, but especially local stakeholders might also be concerned about issues such as transport, 

conditioning, operation, and environmental impact. 

For CS representatives, the request for transparency in the governance on decision-making in RWM is 

not only an aim in itself but is seen as a way to improve safety. Transparency and public participation 

are essential elements of environment-related decision-making according to the Aarhus Convention, the 

Espoo Convention on Environmental Impact Assessment in a Transboundary Context, the Directive 

2001/42/EC on the assessment of the effects of certain plans and programmes on the environment, and 

the Directive 2014/52/EU on the assessment of the effects of certain public and private projects on the 

environment.  

In UMAN draft deliverable D10.5, it was observed: “No principal differences were observed comparing 

the point of views of TSO, WMO and RE both on key uncertainties and on their evolution in the various 

phases of the repository program. In the same way, actors from less advanced and more advanced 

national programmes share rather similar views on the uncertainties of the safety case. Coherent and 

complementary views were as well observed when interpreting the discrepancy between the rather 
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promising results of quantitative safety analyses and the sentiment of uncertainty prevailing in the larger 

public.” In the CS presentation, this view was described as “binary” and a change of perspective was 

suggested: “Our suggestion is to shift the focus on this binary categorization of the public versus the 

scientific community to a broad and inclusive discussion on transparency and public participation.” 

Further, the institutionalised model for transparency and public participation in the decision-making on 

RWM in Denmark as well as the approach taken in Sweden with the NGO Office for Nuclear Waste 

Review were described as examples for a possible way forward. 

Finally, it was stated in the draft deliverable D10.5 that uncertainties also lie in the issue of transparency 

and public participation in itself. “A guidance for providing better quality information on uncertainties in 

the EIA- and SEA-reports would be a helpful result of the EURAD project. There is a need to broaden 

up the scope of EURAD: Transparency of uncertainties is strongly linked to uncertainties of transparency 

- you cannot have one without the other. […] Different countries have different transparency regimes. 

Especially difficult is the situation in Eastern European countries. Focus should also be put on missing 

transparency from private companies engaged in RWM – they should also be subject to the relevant 

legislation and international Conventions. EURAD may recommend standards for a transparency regime 

as one outcome of the project.” 

3.3 Working group results 

Working groups discussed the issues addressed in the keynotes in consecutive sessions. For each of 

the issues, a set of questions was prepared in advance for consideration by the working groups. Since 

no written summaries of the working group sessions were produced, the summary slides of each working 

group as presented at the seminar are provided in Appendix C.. Some of the groups discussed and 

presented the issues question by question, in these cases empty slides indicate that a question was not 

addressed. 

4. Summary: Main lessons and messages 

Hereinafter, a synthesis of the points made in the keynotes and in the working group sessions compiled 

by the topic leader and author of this report in collaboration with the leader of UMAN task 5 is given. 

The general views of WMOs, TSOs, REs, CS representatives, and regulators about uncertainty types 

are rather similar. There are differences, though, with respect to priorities and focus:  

Safety relevance is an issue for all actors. However, WMOs, regulators, and TSOs are in a position to 

produce or to review the Safety Case (SC) and therefore to classify particularly technical uncertainties 

with a holistic view on the repository system. They acknowledge the existence of other, e. g. programme-

related, uncertainties but seem to see them as “outside the SC scope”. A notable exception is an 

example from Belgium in which programme uncertainties are addressed in the SC using a specific 

approach. 

As already recognised in EURAD MS 242, specialists e. g. at REs do not always take a holistic view on 

the repository system but remain focused on their area of expertise. To overcome this, long-term 

engagement of REs in the programme is needed. This, in turn, requires continuous funding. More 

generally, uncertainties related to staff and knowledge management at large are recognised as a 

challenge. Also, political, financing, security (including cyber security), environmental, and logistical 

uncertainties require more attention. 

CS representatives are particularly concerned about these and other “non-technical” uncertainties, 

including intentional and unintentional Human Intrusion as well as about “unknown unknowns”. 

 
2 This document is a draft version of the UMAN deliverable 10.10 which has been delivered during the redaction of 
this document. In the References appendix, the deliverable 10.10 will thus replace the milestone MS 24. 
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According to their roles, and perhaps linked to biases caused by these roles, different actors take 

different views on uncertainty management and develop different degrees of “risk appetite”. It was 

generally agreed that regulatory and TSO research (to be carried out independently from the one 

performed on behalf of WMOs) is essential for independent SC reviews. 

More attention should be paid to managing “unknowns knows” (a better term for which might be “ignored 

knowns”), e.g. by means of establishing appropriate management systems and developing a safety 

culture. Also, given that there are ways and methods of addressing technical uncertainties, other 

uncertainties require more attention. CS representatives in particular stressed that the most important 

uncertainty is the societal understanding of the system, and that technical and political uncertainties are 

related and hence should not be separated. CS representatives see their involvement in an open 

dialogue on these and other matters as a contribution to safety.  

It appears that there are shared views about uncertainties on knowledge management, on storage and 

transfer of data over generation, as a part of societal uncertainties. 

In the view of CS representatives, reversibility, recoverability, and approaches of rolling stewardship are 

potential means to manage uncertainties. The precautionary principle is seen as an important approach 

for managing uncertainties. However, this might lead to aiming at a minimax principle of optimising 

against the worst possible scenario(s), which was considered problematic by some participants, as it is 

not clear how such scenarios can be defined and to which extent such definition is open to speculation. 

The concept of a “safety envelope” as introduced into IAEA’s GEOSAF project 

(https://www.iaea.org/topics/disposal/international-project-on-demonstrating-the-safety-of-geological-

disposal) was discussed in relation to the evolution of uncertainties. Addressing issues inside the 

envelope was seen as a minimal requirement, but the scope, and thus the envelope, will evolve over 

time, with the aim that finally (e. g. at the licensing stage) the envelope will embrace the real situation 

and converge with views by different actors (Figure 4). 

 

Figure 5 – Vision on the evolution of the safety envelope in relationship to actors’ views and issues at stake as 
discussed at the seminar 

https://www.iaea.org/topics/disposal/international-project-on-demonstrating-the-safety-of-geological-disposal
https://www.iaea.org/topics/disposal/international-project-on-demonstrating-the-safety-of-geological-disposal
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Generally, it can be concluded that the need for “mitigation” of differences in actors’ views on uncertainty 

management, types, and evolution is seen as rather limited, but an open discourse is essential for each 

programme. Transparency is paramount, for which appropriate communication tools are needed. In the 

seminar, the Visualization of System Information (VISI) as developed by the UK WMO was discussed 

as a potential means for ensuring traceability of the SC content. 

With respect to CS interaction, effective implementation of the Aarhus Convention is seen as a key 

element guaranteeing access to information and participation in the process. An essential question is 

how to present information to the CS so that it is well perceived and understood. This concerns the level 

of technical detail provided and the ability of experts to explain the information. Three questions 

potentially guiding the approach were identified: 

1. Are the presented facts well-based? 
2. What is the social and normative context behind the statement? 
3. What is the agenda of the actor making it? 

Funding for independent expertise, including for the CS, is needed, but the limited availability of experts 

is a concern. 

It is the responsibility of the CS to challenge other actors, not necessarily in order to reach a consensus. 

Debates in themselves have a value to improve the safety level. For such debates, there is a need for 

institutionalised ways of communication and for establishing boundary roles for the actors. It is however 

not always straight-forward to identify the “appropriate” CS representatives to interact with. The concept 

of “independence” of expertise was questioned in the seminar, it is probably better to aim at a “plurality” 

of expertise. Transdisciplinary research can be valuable to bring different types of expertise together to 

better achieve a holistic view and to ensure that important aspects are taken into account. 
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Appendix C. Working Group Results 

1. Uncertainty management  

1.1 Questions  

1. Regarding uncertainty management and based on your own views and experiences, what are 
the main elements important for you as WMO, TSO, RE, CS or Regulators? 

2. Based on the presentations and your personal views and experiences, what are the 
commonalities between the different types of actors? What are the differences? 

3. Do you see a need, and, if so, ways to mitigate these differences? 

1.2 Working Group 1 
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1.3 Working Group 2 
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1.4 Working Group 3 

 



EURAD Deliverable 10.13 – Understanding of uncertainty management by the various stakeholders 

 
EURAD (Deliverable n° 10.13) - Understanding of uncertainty management by the various 
stakeholders 
Dissemination level: PU 
Date of issue of this report: 02/11/2023   

 Page 31  

 

 



EURAD Deliverable 10.13 – Understanding of uncertainty management by the various stakeholders 

 
EURAD (Deliverable n° 10.13) - Understanding of uncertainty management by the various 
stakeholders 
Dissemination level: PU 
Date of issue of this report: 02/11/2023   

 Page 32  

 

1.5 Working Group 4 
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2. Types of uncertainty 

2.1 Questions  

1. Regarding types of uncertainty and based on your own views and experiences, what are the 
main elements important for you as WMO, TSO, RE, CS or Regulators? In particular: Which 
types of uncertainties are most important for you? 

2. Based on the presentations and your personal views and experiences, what are the 
commonalities between the different types of actors? What are the differences? 

3. Do you see a need, and, if so, ways to mitigate these differences? 
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2.2 Working Group 1 

 

2.3 Working Group 2 
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2.4 Working Group 3 
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2.5 Working Group 4 
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3. Evolution of uncertainties 

3.1 Questions  

1. Regarding evolution of uncertainty and based on your own views and experiences, what are the 
main elements important for you as WMO, TSO, RE, CS or Regulators? In particular: what can 
be or is being done to address the main uncertainty for you? 

2. Based on the presentations and your personal views and experiences, what are the 
commonalities between the different types of actors? What are the differences? 

3. Do you see a need, and, if so, ways to mitigate these differences? 

3.2 Working Group 1 
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3.3 Working Group 2 
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3.4 Working Group 3 
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3.5 Working Group 4 
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4. Interactions with CS 

4.1 Questions  

1. Regarding interaction with Civil Society and based on your own views and experiences, what 
are the main elements important for you as WMO, TSO, RE, CS or Regulators? 

2. Based on the presentations and your personal views and experiences, what are the 
commonalities between the different types of actors? What are the differences? 

3. Do you see a need, and, if so, ways to mitigate these differences? 

4.2 Working Group 1 
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4.3 Working Group 2 
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