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Executive Summary 

 

UMAN Deliverable 10.18 has as primary objective to provide information on the views of three categories 

of actors (Research Entities (REs), Technical-Safety Organisations (TSOs) and Waste Management 

Organisations (WMOs) related to: 

- the significance for safety of uncertainties related to the near-field,  
- the preferences in uncertainties characterisation 
- the uncertainties evolution along the disposal programme implementation 

During the implementation of the UMAN Subtask 3.6 as part of EURAD extension, the draft version of 

this Deliverable has been used in: 

- selection of the uncertainties with a significant relevance for safety, as basis in the 
identification of the options and actorsô preferences with regard to the near-field 
uncertainties management (in Task 4), and in 

- preparation of the dialogue with Civil Society foreseen for Seminar 5, organized under Task 
5 

This deliverable analyses the views of the three categories of actors collected via the new UMAN 

Questionnaire on near-field uncertainties (see attachment 1), launched on April 5, 2022. It includes 

also the results of Task 3.6 Workshop held at RATEN, Romania 24-25 November 2022, where the 

replies to the questionnaire and the SotAs of CONCORD [1] and MAGIC [2] have been presented and 

discussed. In addition, discussion within Seminar 5 (at BelV, Brussels 06-07 December 2023) were 

taken into account, where CS representatives joint the discussion on near-field uncertainties with WMOs 

TSOs and REs.  

The questionnaire grouped the uncertainties related to near-field into 6 topics, gathering in total 37 

parameters and processes considered by the UMAN expertsô group to have a potential significance for 

safety. The six topics have been structured in three main categories: 

I. Uncertainties associated with the processes governing or altering radionuclide migration 
and the performance of disposal system components 

II. Uncertainties to be taken into consideration when conceptualizing waste packages, 
technical barriers and adjacent EDZ of natural barriers 

III. Uncertainties associated with THMCBR processes dominating at different time scales as 
well as with gas migration in near-field systems  

The analysis performed is based on the (5+4+9=18) replies received from 17 organisations, 

representing 5 REs, 4 TSOs and 8 WMOs (one with two replies), which address all the disposal concept 

of geological disposal (DGD), one reply is related to salt host rock, which has been not considered here 

(due to financial limitations, the disposal concepts for near surface (NSD) and sub-surface (SSD) were 

not included in the scope of the work on near-field uncertainties as well as salt as host rock. A detailed 

description on the significance for safety, characterization and evolution was provided for the 

uncertainties evaluated as having a relevant impact on the disposal safety, by majority of actors. 

Answers compilation revealed that there was no group of uncertainties scored with medium and high 

significance by all categories of actors, which was abolished by low significance answers, especially by 

individual advanced WMOs.  Ignoring individual WMOs low significance answers, the uncertainties 

involved in this survey with medium and high significance are: 

- uncertainties related to partition coefficient Kd (Kd values are the result of assumptions 
associated with the conceptual model (i.e., linear kinetics for sorption / desorption process); 
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Kd could also depend on redox conditions, and could be affected by the near-field 
evolution); 
 

- uncertainties related to metallic material behaviour (steel, copper, copper coated steel, 
composite, super container, é ) in different barriers (waste package, linersé), lifetime, gas 
generation and pressure build-up, other degradation processes, pH-, Eh-evolution, pit 
corrosion, colloid formation (continuous or step functions?)  

- uncertainties related to evolution of diffusion coefficient, De (De will change due to 
temperature evolution, porosity changes as result of  mineral reactions) 

- uncertainties associated with hydraulic properties of the bentonite (re-saturation and 
swelling pressure evolution might be heterogeneous and preferential flow paths could 
develop. 

- uncertainties related to permeability associated with two-phase flow (barriers are 
considered homogeneous in terms of permeability, while anisotropy given by e.g., 
preferential flow paths, fractures/pores, é can lead to increased flow). 

According to the questionnaire results, there was no group of uncertainty scored with low relevance for 

safety by the three categories of actors; mostly lower relevance and a few medium relevance replies 

have been obtained for uncertainties associated with: 

- evolution of diffusion coefficient De (De will change due to temperature evolution, porosity 
changes (mineral reactions)  
 

- concrete parameters and associated processes used in near-field conceptualisation 
(carbonation processes during operational phase and re-saturation phase could have an 
impact on mechanical parameters) 
 

- permeability measurement methods (for two-phase flow, permeability has very low values 
and depends on the accuracy of the measurement method). 
 

As a result of the replies to the questionnaire, of CONCORD and MAGIC SotAs, and the workshop 

discussions, the uncertainties with high impact for safety considered for a more detailed analysis at this 

stage were: 

- uncertainty related to metallic material behaviour (steel, copper, copper coated steel, 
composite, super container, é) in different barriers (waste package, linersé) 

- uncertainty related to hydraulic properties of the bentonite 

- uncertainty related to modelling of radionuclide transport: full 4 D description or 1 D or 
mixed compartment. 

As a general observation, there are differences between the importance given by the three categories 

of actors to the same group of uncertainties, with WMOs and REs generally giving more significance to 

uncertainties and their impact on safety than TSOs. 

By far the largest difference for safety significance between the different categories of actors is 

associated with the topics related to uncertainties associated with THMCBR processes dominating at 

different time scales as well as with gas migration in near-field systems. REs giving generally a much 

higher (twice as high)  significance than TSOs and WMOs, where several replies to these topics indicate 

uncertainty not assessed or not known, especially from less advanced or early stage programme 

countries.   
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For all other topics REs and WMOs consider importance of the uncertainties similar, REs mostly slightly 

higher than WMOs  

Each category of actors use in the uncertaintiesô characterisations a diversity of methods, adequate to 

the uncertainty type (parametric, scenario, conceptual, etc.), which complement each other, with the aim 

to reduce the uncertainty level. A general trend is not obvious.  

In contrary to the outcome of the questionnaire on site and geosphere, where generally all actorsô 

opinions converge on the fact that uncertainties will decrease along the programme phases, as the 

knowledge of the site and scientific accumulations evolve until a certain level, for the questionnaire on 

near-field uncertainties, there was not such an convergence that uncertainties decrease along the 

programme phase. For some uncertainties it is just the opposite. A reason might be, that site and 

geosphere uncertainties have to be reduced during the site selection and site characterisation phase, 

otherwise there will be no site selected, while for near-field uncertainties there is still some time during 

design optimisation and construction to reduce near-field uncertainties. 

Also, there was no difference in the replies when considering replies from advanced and less advanced 

programmes. 

Although there were no uncertainties ranked with high priority by all repliers from the different colleges 

at the same time, several topics dominated the discussions on their uncertainty and related influence 

on safety. These need dedicated actions to be implemented with priority. Therefore, according to the all 

actorsô opinions, further R&D activities should be performed to improve understanding of near-field 

processes and parameters and related model und parameter uncertainties.  

 

Re-saturation of bentonite seems to be a complex thermo-hydraulic-geochemical coupled process in 

the near-field of high-level waste disposal when use as buffer material or for plugs & seals, which is 

disposal concept dependent. Nevertheless, re-saturation has a strong influence on the safety function 

of the bentonite used as buffer material, as well as for seals and plugs. Complex thermohydraulic-

geochemically coupled processes are also strongly involved in the degradation of waste canisters, 

because evolution of canister degradation depends on the near-field evolution (THMCBR) and near-

field evolution is influenced by canister degradation. And the canister degradation (safety function) 

defines the release of radionuclides into the near-field (source term). Of high significance for the REs 

appears the modelling of coupled processes on different scales, performing global sensitivity analysis 

on near-field processes and parameters, performing comprehensive code benchmarking also using 

dedicated data from sophisticated laboratory experiments as well as from larger scale experiments (e.g. 

FE experiment at Mont Terri) taking into account heterogeneity on a larger scale, too. This would lead 

to a future approach to deal with model/parameter uncertainty by taking advantage of virtual twins of 

repositories including all kinds of THMCRB processes on multiple scales using data driven and physics 

based models. Having such tools available, targets like dose limits could be defined, sensitivity analysis 

on all models` parameters with respect to a defined dose limit could be performed using parameter 

uncertainties for all parameters. A statistical framework will yield most important or dominating 

parameters for related parameter uncertainties. Since fully coupled models are used, non-linearities are 

included in the modelling. No concern about conservative estimates is necessary or has to be defended. 

Spatial heterogeneities, evolving boundary conditions etc. can be tested. Model predictions can be used 

to be compared with experimental data from which data driven models can be deduced. Surrogate 

models may help to produce a high number of model realisations to allow good statistical 

predictions/analysis. Such tools would allow to manage dominant uncertainties according to their 
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mathematical quantification in a transparent way and not according to vague arguments, model 

simplifications and simplified models. Such use of knew knowledge should be evaluated in strategic 

studies.   
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1. Introduction 

 

The UMAN Deliverable 10.18 gathers the views of the different actors on the characterization and 

potential significance of the uncertainties related to near-field collected via the 3nd UMAN Questionnaire 

(see attachment 1) launched on April 5, 2022. The deliverable includes also the results of Task 3.6 

Workshop held at RATEN, Romania 24-25 November 2022, where the replies to the questionnaire and 

the SotAs of CONCORD [1]and MAGIC [2] have been presented and discussed.  

It also considers the preliminary list of uncertainties elaborated by the expert group of the Sub-task 3.6 

(see Attachment 2), classification schemes provided by the UMAN Subtasks 2.1 [3] and strategies 

options developed in subtask 4.2 [4].  

The categories of actors included in this survey were: Research Entities (REs), Technical Safety 

Organisations (TSOs) and Waste Management Organisations (WMOs). The views of the Civil Society 

(CS), a very important actor in the decision-making process, were collected from Seminar 5, and 

integrated in this deliverable. 

In a draft of this deliverable, the expert group focused primarily on the relevance of the near-field 

uncertainties for three categories of actors, with a two-fold aims: 

- Provide UMAN Draft deliverable D10.18 as input to Task 4.3 and related Workshop: 
Management options and preferences of different actors regarding near-field, organized by 
Subtask 4.3; 

- Provide relevant input on near-field uncertainties for the dialogue with Civil Society foreseen for 
Seminar 5 organized under Task 5.  

Based on the answers received to the 3nd UMAN questionnaire ï near-field, the expert group of subtask 

3.6 selected 3 uncertainties for which a more detailed analysis of the potential impact on the safety, of 

methods used in their characterisation and their evolution have developed. 

This deliverable integrates the views of members of the expert group relevant to near-field related 

uncertainties and their impact on the safety of different disposal systems, as compiled from the 

experience acquired in the national programmes or from other international reports, projects, works. 
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2. Methodology: the identification and characterization 
process 

 Approach/methodology used for identification  

 

A Group of 4 Experts representing RESs, TSOs and WMOs, from Member States with different disposal 

programmes, both from the view of the repository type, i.e., here geological disposal only, which is 

different compared to UMAN 2nd questionnaire (see attachment 1) focusing also at surface and near-

surface disposal, and stage of implementation, established, as result of a brainstorming organized in 

the beginning of the project, a first list of uncertainties relevant, from their perspective, for the disposal 

safety.  

This preliminary list reflects the experience of the 4 experts gathered in the RWM national programmes 

developed in Czech Republic, France, Belgium and Switzerland as well as results achieved by other 

advanced RWM programmes in the world (Sweden, Finland).  

In a second step, the preliminary list of uncertainties related to near-field (see attachment 2) was further 

completed with new uncertainties resulted from the IAEA recommendations for Deep Geological 

Disposal (DGD) [5] and from Strategic Research Agenda for RWM.  

In order to have a representative view of how different type of actors are perceiving the relevance for 

safety of these uncertainties, a wide survey based on a questionnaire was elaborated and sent to the 

EURAD participants. Actually, a lot of uncertainties identified here have been already identified within 

subtask 3.3 (uncertainties for site and geosphere), were similar processes and parameters are involved 

[6]. 

 List of uncertainties  

Characterisation of the host rock, especially the excavation damaged zone surrounding a radioactive 

waste repository is an important issue for the site selection process and for the safety case associated 

with such facilities.  

Significance for safety, characterization and evolution along the disposal programme have been 

addressed via the questionnaire for the following three groups of uncertainties:  

I. Uncertainties associated with the processes governing or altering radionuclide 
migration and the performance of disposal system components ; 

II. Uncertainties to be taken into consideration when conceptualizing waste packages, 
technical barriers and adjacent EDZ of natural barriers  

III. Uncertainties associated with THMCBR processes dominating at different time scales 
as well as with gas migration in near-field systems  

The processes and parameters related to these uncertainties are manifold and their characterisation 

requires knowledge ranging from information about possible evolution of the host rock on a larger scale 

to more detailed information on radionuclide transport in the evolving technical (mineralogy, hydrology, 

bio-geochemistry, material properties evolution, é) on a smaller scale. Especially, information on 

interface processes between the different barrier materials due to strong temperature, material 

properties and geochemical gradients will be of interest, since interface processes influence strongly 
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the mass transport/flux (radionuclides, major ions) across the interfaces of the technical barrier 

materials.. 

All these elements have been considered by the expert group early in drafting the preliminary list of 

uncertainties in the first stage of the process, and further on, in designing the questionnaire. 

The questionnaire grouped the uncertainties related to the near-field in 6 topics, gathering in total 37 

parameters and processes considered by the experts group to have a potential significance for safety. 

Similarities to the topics identified for uncertainties related to site and geosphere (subtask 3.3) are 

obvious; however, here we tried to formulate the topics in more detail as a lesson learned from replies 

to the 2nd questionnaire, to receive more specific answers. These 37 uncertainties are related to: 

 I.  Uncertainties associated with the processes governing or altering 

radionuclide migration and the performance of disposal system components 

A. Uncertainties associated with the transport properties of major ions and RN within the 

considered barrier media 

¶ Accessible porosity - in numerical models, accessible porosity is generally deduced from the 

measured total porosity in an arbitrary manner  

¶ Diffusion coefficient De - Values for the neutral elements, the cations and anions in 

numerical models are generally those obtained experimentally for most representative RN and 

extrapolated for the other elements.  

¶ Partition coefficient Kd - Kd values are the result of assumptions associated with the 

conceptual model (i.e., linear kinetics for sorption / desorption process). Kd could depend on 

redox conditions, and could be affected by the near-field evolution. 

¶ Solubility limit - Values for each element in numerical models are typically deduced from lab 

measurements for very few elements and are extrapolated for the other elements. Due to 

strong chemical gradients within the near-field, precipitation / dissolution fronts will develop in 

the near-field influencing solubility limits of elements  

¶ Time evolution of transport properties - Reactions caused by the diffusion of reactants from 

different sources (container, backfill, liner) can alter rock diffusivity 

¶ Microbiology - Microbiological processes can impact the pH, Eh, speciation and transport 

behaviour of elements 

¶ Seals evolution - Seals specific uncertainties include chemical and hydraulic transients due 

to contact with concrete, aggressive ground-waters / re-saturation kinetics é They could 

influence bentonite swelling properties, homogeneous swelling / fingering, dry zones, 

preferential migration paths (gas flow / pressure build up, é). The question is which related 

transport parameter uncertainty is acceptable? 

B. Uncertainties associated with heat transport properties of barriers  

¶ Variation of thermal conductivity, specific heat capacity, bulk density, é due to re-

saturation -Heat transport is influenced by re-saturation and or gap evolution with 

consequences for maximum temperature at the canister surface and mechanical properties of 

materials in the near-field  

¶ Variation of thermal conductivity, specific heat capacity, bulk density, édue to the chemical 

conditions - Heat transport is influenced by  chemical reactions due to changing material and  

transport properties in the near-field 

¶ Duration of the ñthermal pulseò  

C. Uncertainties associated with flow properties through barriers  
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¶ Kinematic porosity ï Kinematic porosity is generally deduced in an arbitrary manner (a half, 

the quarteré) from experimental measurements of total porosity  

¶ Permeability ï two phase flow - barriers are considered homogeneous in terms of 

permeability, while anisotropy given by e.g., preferential flow paths, fractures/pores, é can lead 

to increased flow. 

¶ Permeability measurement methods (forï two phase flow) - Permeability has very low values 

and depends on the accuracy of the measurement method. 

¶ Hydraulic head gradient - Numerous measurements in well-distributed boreholes around the 

site would be necessary to have a constrained hydrogeological near-field model.  

¶ Vertical hydraulic gradient from aquifers above and below may not be realistic. 

¶ Hydraulic properties of EDZ (conductivity, storativity, é) - Due to the repository construction 

(excavation), excavation damaged zones (EDZ) may have different horizontal and vertical 

extensions, different hydraulic properties and long term evolutions ï different for different host 

rocks. 

¶ Hydraulic properties of the bentonite - (effects of re-saturation and swelling pressure 

evolution) Bentonite re-saturation is considered to be homogenous, to the expected swelling 

pressure, but preferential flow paths could develop.  

¶ Seals evolution  - Seals specific uncertainties include chemical and hydraulic transients due to 

contact with concrete, aggressive ground-waters / re-saturation kinetics é They could influence 

bentonite swelling properties, homogeneous swelling / fingering, dry zones, preferential 

migration paths (gas flow / pressure build up, é)  ï which related hydraulic parameter 

uncertainty  is acceptable?    

D. Uncertainties associated with mechanical properties of the barriers  

¶ Mechanical behaviour of the EDZ - Mechanical integrity of the EDZ can depend on 

temperature dependent (near-field) material properties ï how is it optimised / assessed? 

¶ Mechanical behaviour of the EDZ - Mechanical integrity of the EDZ can depend on fractured 

material properties, plasticity, thermal hardening, evolution of interfaces / gaps between different 

materials (clogging preferential migration path ï how is it optimised / assessed? 

¶ Mechanical behaviour of the EDZ - Mechanical integrity of the EDZ can depend on time-

dependent gas release (H2, CO2, é) and pressure build up ï how is it optimised / assessed? 

¶ Mechanical behaviour of the bentonite - Mechanical integrity of bentonite depends on 

homogeneity / heterogeneity of bentonite backfill emplacement ï how is it designed / optimised 

/ assessed? 

¶ Mechanical behaviour of the bentonite - Mechanical integrity of bentonite depends on 

homogeneity / heterogeneity of re-saturation / water inflow ï how is it designed / optimised / 

assessed? 

¶ Mechanical behaviour of the bentonite - Mechanical integrity of bentonite depends on 

potential gaps, displacement of waste canisters, é ï how is it designed / optimised / assessed? 

 

II. Uncertainties to be taken into consideration when conceptualizing waste 

packages, technical barriers and adjacent EDZ of natural barriers  

E. Uncertainties associated with é 

¶ Metallic material behaviour (steel, copper, copper coated steel, composite, super container, 

etc.) in different barriers (waste package, linersé) - how is lifetime of waste packages, gas 

generation and pressure build-up, other degradation processes, pH-, Eh-evolution, pit 

corrosion, colloid formation handled in the modelling -evolving processes or as step functions? 
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¶ Interface processes may occur at different time scales and with varying spatial extension.  - 

Pore clogging and no further gas transport might be a serious problem in tight host rocks (clays), 

at bentonite-crystalline, or cement-bentonite interfaces. How the influence on RN transport is 

conceptualised? How are specific designs optimised to prevent unwanted processes? How are 

the remaining uncertainties assessed/limited? Clogging ï pressure build-up ï may induce 

integrity problems. Matrix sealing may induce reduced RN retardation. é 

¶ Extent of EDZ, geometry and opening of fractures. These parameters are influenced by the 

operation conditions (moisture, temperature of ambient air) 

¶ Concrete parameters and associated processes used in near-field conceptualisation - 

Carbonation processes during operational phase and re-saturation phase could have an impact 

on mechanical parameters  

¶ Alternative conceptual models of solute diffusion in the near-field:  

i. The single interlayer-porosity Donnan equilibrium model  

ii. The electrochemical model based on the Nernst-Planck Eq.   

iii. The multiple porosity (interlayer, double layer, free) model. 

iv. The use of different effective diffusion coefficients for each chemical species while preserving 

charge balance.  

v. Fracture-matrix or equivalent porous medium?  

Conceptual diffusion models i-v yield different De, with different uncertainties. Which concept 

for RN transport and/or major ion transport (near-field evolution)? Which concept is the less 

uncertain?  Consistent concepts? 

¶ Coupling influences - In performance assessment, near-field evolution calculations and RN 

transport calculations are not coupled. For RN transport calculations, stepwise (spatial, 

temporal) constant transport parameters are assumed. Is this concept valid? Which 

uncertainties are accompanied /neglected/? Is it valid to choose ñconservative valuesò in case 

of non-linearly coupled processes and long time scales? 

¶ Monitoring influences - Uncertainties associated with installation of monitoring equipment and 

potentially induced  

 

III. Uncertainties associated with THMCBR processes dominating at 

different time scales as well as with gas migration in near-field systems  

F. Uncertainties associated with é 

¶ Evolution of the accessible porosity - Accessible porosity will change due to reactive 

transport processes and strong (geo-) chemical gradients between barrier and host rock 

porewater compositions 

¶ Evolution of diffusion coefficient De - De will change due to temperature evolution, porosity 

changes (mineral reactions) 

¶ Evolution of partition coefficient Kd - Kd will change due to porosity changes (mineral 

reactions) degradation/reaction fronts (canister corrosion) changes of mineral surface areas 

and/or changes in pH, Eh, é  neglecting competitive sorption 

¶ Influence of temperature - Temperature has an influence on dissolution and precipitation of 

mineral phases (thermodynamic and materials data) 

¶ Full 4 D description or 1 D or mixed compartments,é ? - The often used 1D RN transport 

modelling/prediction includes a lot of assumptions / uncertainties ï would there be a reduction 

of uncertainties by 4D?  Direct comparison is difficult to perform because of long computational 

times in 4D. Confirmation of simplification - a large uncertainty? 
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¶ Multiphase flow - The complex porosity structure of the bentonite requires the use of dual or 

triple continuum models ï which model uncertainty comes along with which simplified models?  

The retention curve of the bentonite (and other buffer materials and host rock), gas entry 

pressure, hysteresis and temperature dependence are described by several different models) 

ï which are the individual model parameters uncertainties and how do they compare among 

each other? 

¶ Preference/necessity for coupled description - Ranking/importance of: T+H+M+C+B+R - 

Need for transient phase description ï which phase which processes? E.g., MC coupling is often 

excluded, but high pH liner/construction material with bentonite interaction may weaken 

mechanical and retardation properties of bentonite.  

 

 The Questionnaire  

 The major aim of the 3rd UMAN questionnaire (see attachment 1) was to complete the 

topics addressed in by the 2nd UMAN questionnaire, which covered uncertainties on waste inventory, 

spent fuel, human aspects and site and geosphere, by near-field uncertainties. The major aims, i.e., to 

collect the relevance of each identified uncertainty for different kinds of actors, to gather supplementary 

information/data on their characterisation and potential significance for safety, to assess their evolution 

over time and collect missing uncertainties, considering the diversity of national disposal programmes 

for DGDs and their implementation phase, as well as the diversity of actors. From the experience of the 

2nd UMAN questionnaire, the individual questions in the 3rd UMAN questionnaire have been formulated 

in more detail to get more specific replies.    

 The questionnaire addressed sections dedicated to  

Å Significance for safety, quantified as:  

1. high 
2. medium 
3. low 
4. not known or assessed yet 

Å Potential impact on safety such as:  
a. impact on the radiological dose or risk during operation 

b. impact on the radiological dose or risk after closure 

c. impact on safety functions (please specify which functions and disposal system 
components could be impacted)  

d. others potential impact(s) (please specify)  

Å Uncertainty characterization (methods, approaches), in which the following pre-set answers 

have been proposed: 

a. quantification by expert judgement 

b. applying statistical methods on relevant (measured) data 

c. modelling (likelihood of events, geochemical databasesé)  

d. accuracy of measurements and detection limit of equipment  

e. exclusion of poor quality/inappropriate data (reducing the order of magnitude of the 
uncertainty) 
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f. other (please specify)  

Å Evolution along the programme implementation, from conceptualization to repository 

closure) 

 

 The 3rd UMAN questionnaire has been sent to all partners participating in the EURAD project 
but not to the Civil Society organisations. It was available only in word format on EURAD Projectplace, 
different from the 2nd UMAN questionnaire, which was available in two formats: word documents and 
on-line questionnaire (https://inr-eu.ro/). Latter format seemed to be more difficult to handle and was no 
longer supported here.  

 

 Answers have been received from 17 organisations (Table 1), representing, as illustrated in 
Figure 1, REs (5 answers); TSOs (4 answers) and WMOs (9 answers from 8 WMOs) for the disposal 
concept of geological disposal. It should be mentioned that some organisations replied although there 
is no HLW in the country or the programme is at a very early stage. One reply was related to salt host 
rock, which was not taken into account, because the 3rd UMAN questionnaire focusses only on 
sedimentary and crystalline rock, and only on DGD due to budget limitations. It should also be mentioned 
that all responses were treated anonymously. 

 

Table 1. List of actors answering the questionnaire, with details on the disposal programmes and 
status in implementation of a deep geological disposal 

Affiliation       
Countr
y 

RE, 
WMO, 
TSO,  

Rock type Current phase of programme 

Amphos21 ES RE Sedimentary rock Site characterisation 

Institute of Nuclear 
Chemistry, Mineral& 
Energy Research 
Economy Institute 

PL RE Sedimentary rock Side evaluation and site selection 

LEI LI RE Crystalline rock Policy, framework and 
programme establishment 

PSI CH RE Sedimentary rock Side evaluation and site selection 

Slovak University of 
Technology 

SK RE Not specified  Site evaluation and site selection 

IRSN FR TSO Sedimentary rock Site Characterisation 

SURO CZ TSO Crystalline rock Side evaluation and site selection 

SSTC UK TSO  Crystalline rock Policy, framework and 
programme  

VTT FL TSO Crystalline rock Facility construction 

https://inr-eu.ro/
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ANDRA FR WMO Sedimentary rock Side characterisation 

BGE GE WMO Salt rock - no HLW Facility operation and closure 

Enresa ES WMO Sedimentary rock Policy, framework and 
programme establishment,  

Greek Atomic 
Energy Commission 
(EEAE) 

GR WMO No HLW Site evaluation and site selection 

INPP LI WMO Sedimentary rock Site evaluation and site selection 

Nagra CH WMO Sedimentary rock Site evaluation and site selection 

ONDRAF/NIRAS BE WMO Sedimentary rock Policy, framework and 
programme establishment,  

SÚRAO CR WMO Crystalline rock Site evaluation and site selection 

  

 

Figure 1. Distribution of the questionnaire answers per type of actor 

 

The answers reflect the concern of each type of actor. Significance for safety as perceived by each actor 

strongly depends on the current stage of the disposal programme and the experience accumulated in 

the implementation process. As seen in Figure 2, most respondents are in the initial phases of 

programme implementation (policy, framework and programme establishment and site evaluation and 

siting, site evaluation and site selection). This is a similar situation for answers related to site and 

geosphere uncertainties for geological disposal (2nd questionnaire) [6]. In addition, answers from 

individual WMOs from advanced countries differ in the significance of individual uncertainties strongly 
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compared the rest of the repliers, which indicates their advanced programme with obviously reduced 

uncertainties on parameters and processes in the near-field.  

 

 

Figure 2. Distribution of the answers per disposal programmes phase and disposal types 

 

Figure 3. Distribution of the answers per type of rock (others include ñnot givenò) 

The answers cover the near-field specific uncertainties for DGD in sedimentary, crystalline or salt host 

rock, which are under consideration in Europe, where most of the replies are related to sedimentary 

rock (Figure 3). Answers related to salt rock were out of scope of this survey and not taken into account. 
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 Statistical analysis of the answers to the questionnaire 

In order to quantify the degree of relevance for safety of the uncertainties addressed in the 

questionnaire, the answers have been scored, for each type of actor. The total score of an uncertainty 

was calculated based on:  

- 3 points for high significance for safety 

- 2 points for medium significance for safety  

- 1 point for low significance for safety 

- 0 points for ñnot known or addressed yetò  

To normalize the score obtained by each uncertainty, for each type of actor, the resulting amount was 

divided by the total number of responses non zero in each category of actors. 

The answers ñnot known or addressed yetò have not been considered in the analysis of the uncertainty 

significance for safety since being not known or not considered yet; it does not mean that it has no 

impact.  

Figure 4 shows that there are groups of uncertainties scored with medium and high significance for the 

geological disposals safety by many actors involved in this survey. It is also obvious from Figure 4 that 

REs give generally higher scores for uncertainties than TSOs and WMs, especially for the last (right) 

block of uncertainties associated with THMCBR processes dominating at different time scales as well 

as with gas migration in near-field systems. Higher common scoring could be for: 

¶ Partition coefficient Kd (Kd values are the result of assumptions associated with the conceptual 
model (i.e., linear kinetics for sorption / desorption process; Kd could also depend on redox 
conditions, and could be affected by the near-field evolution). 

¶ Hydraulic properties of the bentonite - (effects of re-saturation and swelling pressure evolution) 
Bentonite re-saturation is considered to be homogenous, to the expected swelling pressure, but 
preferential flow paths could develop. 

¶ Mechanical behaviour of the bentonite - mechanical integrity of bentonite depends on 
homogeneity / heterogeneity of re-saturation / water inflow ï how is it designed / optimised / 
assessed?  

¶ Metallic material behaviour (steel, copper, copper coated steel, composite, super container, é) 
in different barriers (waste package, linersé). Lifetime, gas generation and pressure build-up, 
other degradation processes, pH-, Eh-evolution, pit corrosion, colloid formation (continuous or 
step functions?) 
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Figure 4. Distribution of ñsignificance for safetyò level for different colleges 
 (without ñnot known or addressed yetò answers included) 

 

According to the questionnaire results, lower relevance for geological disposal safety have been 

obtained for: 

- Variation of thermal conductivity, specific heat capacity, bulk density, due to the chemical 
condition. Heat transport is influenced by  chemical reactions due to changing material and  
transport properties in the near-field  

- Kinematic porosity ï Kinematic porosity is generally deduced in an arbitrary manner (a half, the 
quarteré) from experimental measurements of total porosity 
 

Taking into consideration the ñnot known or addressed yetò answers, the distribution of ñsignificance for 

safetyò level slightly changes, as shown comparing Figure 4 and Figure . 

    




















































































































































































