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Foreword 

The work presented in this report was developed within the Integrated Project PAMINA: 

Performance Assessment Methodologies IN Application to Guide the Development of the 

Safety Case. This project is part of the Sixth Framework Programme of the European 

Commission. It brings together 25 organisations from ten European countries and one EC 

Joint Research Centre in order to improve and harmonise methodologies and tools for 

demonstrating the safety of deep geological disposal of long-lived radioactive waste for 

different waste types, repository designs and geological environments. The results will be of 

interest to national waste management organisations, regulators and lay stakeholders. 

The work is organised in four Research and Technology Development Components (RTDCs) 

and one additional component dealing with knowledge management and dissemination of 

knowledge: 

In RTDC 1 the aim is to evaluate the state of the art of methodologies and approaches 

needed for assessing the safety of deep geological disposal, on the basis of comprehensive 

review of international practice. This work includes the identification of any deficiencies in 

methods and tools.  

In RTDC 2 the aim is to establish a framework and methodology for the treatment of 

uncertainty during PA and safety case development. Guidance on, and examples of, good 

practice will be provided on the communication and treatment of different types of 

uncertainty, spatial variability, the development of probabilistic safety assessment tools, and 

techniques for sensitivity and uncertainty analysis. 

In RTDC 3 the aim is to develop methodologies and tools for integrated PA for various 

geological disposal concepts. This work includes the development of PA scenarios, of the PA 

approach to gas migration processes, of the PA approach to radionuclide source term 

modelling, and of safety and performance indicators. 

In RTDC 4 the aim is to conduct several benchmark exercises on specific processes, in 

which quantitative comparisons are made between approaches that rely on simplifying 

assumptions and models, and those that rely on complex models that take into account a 

more complete process conceptualization in space and time. 

The work presented in this report was performed in the scope of RTDC 4. 
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1 Introduction 

JRC-IE and Andra collaborate in the Framework of the Integrated Project PAMINA 

(Performance Assessment Methodologies in Application to Guide the Development of the 

Safety Case) to develop and apply advanced methods for performance assessment of a clay 

repository [1]. The idea is to apply state-of-the-art techniques of different levels of complexity 

to assess the performance of a French clay repository and to assess the applicability of 

different methods. This is done by computing i) how uncertainties in input data affect output 

(the molar rate of radionuclides in specific parts of the repository system) and ii) to perform 

sensitivity analysis to rank the processes and input parameters with respect to their 

relevance for the output. 

Data used as input to the analyses are based on the large French research programme for a 

repository in a Cavollo-Oxfordian clay formation, which is the potential host-rock in France 

[2]. The JRC and Andra perform analysis in parallel applying their own methods on two 

benchmarks that have been jointly defined. The benchmarks define the geometry of the 

system and its constituents, the processes to be considered, the probabilistic density 

functions of the data, the coupling between parameters and the output to be computed. A 

first benchmark on a 2D simplified geometry has been performed and also used to calibrate 

the models, the computational tools and set up the computational methods (report provided 

by mid-February 2008 as milestone M4.3.2). A second benchmark on a more realistic 3D 

geometrical description has then been performed (report provided at the end of September 

2009 as milestone M4.3.5). A simplified description of the relevant processes is given in [6] 

and [7]. For the uncertainty analysis the main indicators that are computed include quantiles 

of the molar rate for a limited number of radionuclides in different parts of the system and 

complete probability density functions at specific times. The main indicators for the sensitivity 

analysis include scatter plots for selected parameters, ranking of parameters with respect to 

their influence on the output and computation of statistical coefficients such as (i) Pearson 

correlation coefficient, standardised regression coefficient (SRC) and partial correlation 

coefficient (PCC) to relate input uncertainty to output uncertainty and (ii) Spearman 

coefficient, standardised rank regression coefficient (SRRC), partial rank correlation 

coefficient (PRCC) to measure the monotony between uncertainty on the input parameters 

and uncertainty on the output result, and Monte-Carlo filtering statistics (Mann-Whitney and 

Smirnov tests), cobweb and CSM plots. In addition, complementary or alternative techniques 

such as meta-models based on the response surfaces have also been explored (neural 

networks, Chaos polynomials). 
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2 Description of the benchmarks 

2.1 Conceptual model  

2.1.1 Initial geometry 

The benchmarks are based on the study of the release of radionuclides from wastes of an 

ILW disposal cell embedded in a porous material for a generic French clay site. The disposal 

cell, which only contains non-organic waste forms, does not release any hydrogen gas; it 

includes both activated waste and compacted hulls and end-caps that are supposed to be 

homogeneously filled. Figure 2.1-1 represents the typical ILW disposal cell and its 

environment. 
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Figure 2.1-1 : Initial geometry (ILW and its environment) 

2.1.2 Simplifications and main physical assumptions 

2.1.2.1 Benchmark 1 

For the first benchmark exercise, a simplified representation of the disposal cell has been 

considered (see Figure 2.1-2). It consists of a 2D vertical slice of the ñmiddleò of the disposal 

cell dealing with the host rock pathway only. The complete geometrical model includes the 

thickness (130 meters) of the undisturbed host rock (Callovo-Oxfordian layer) and the 

disposal cell located in the middle of the clay layer. The waste packages domain is 

considered as a rectangle located in the centre of the circular disposal cell. The materials 

considered in the benchmark model are also indicated in Figure 2.1-2. 
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Figure 2.1-2 : Geometrical assumptions and components/materials (benchmark 1) 

The main assumptions taken into account in the calculations are:  

¶ Materials within the disposal cell and its environment are considered as 

homogeneous and continuous porous media, and are supposed to be water 

saturated from t=0; hence release of radionuclides from waste packages starts from 

t=0. Calculations are carried out up to 1 million years.  

¶ The migration of radionuclides in porous media in the aqueous solutions is 

considered as convective/diffusive/dispersive, taking into account phenomena of 

sorption (linear and reversible, Kd approach) and chemical precipitation (solubility 

limit Csat). The convective part is based on steady-state hydraulic results using 

constant ascending vertical head gradient through the host rock. 

¶ The waste package is represented by two materials: (i) a specific concrete filling 

(ñb®ton de remplissageò), in which the source term is distributed in an uniform way, 

and for the migration there is no sorption and solubility is unlimited from t=0 and; (ii) 

an over-pack in a specific concrete (ñb®ton de colisageò) with a high level of confining 

performances (low diffusivity, high Kd and low solubility limit) up to 10.000 years, and 

then degrading itself into filling concrete (ñb®ton de structureò). Thus the material 

properties in the analysis will change at this time. The details for this are given in [6]. 
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¶ The ILW disposal cell around the waste domain is filled with a concrete material in 

which radionuclides are free to migrate with no hydraulic/transfer performance (high 

permeability and diffusivity) except for geochemistry. Thus, no uncertainty has been 

considered, like ñb®ton de remplissageò (with same deterministic input data), except 

for geochemistry (see next paragraph). 

¶ A relevant approach of the geochemical characterization would be a variation in 

space and time of Kd and Csat taking into account the evolution of different states of 

concrete (sound, altered, degraded, neutralised conditions). Since the dynamics of 

propagation of the various alterations of concrete are not known, we consider, for the 

first benchmark, only one geochemistry which is applied to all the thickness of 

concrete (all the disposal cell) and whose spectrum of variation (uncertainty) takes 

into account the various alterations. This is applied by ranges of time. 

¶ The mechanical disturbance is represented by the Excavated Damaged Zone (EDZ), 

which consists of a fractured zone with high permeability and of a micro-fissured 

zone, whose extensions are perennial in time. The occurrence of a self-sealing 

phenomenon is integrated into the uncertainty (probabilistic density function). 

¶ The chemical disturbance generated by the degradation of the concrete is included in 

the mechanical disturbance (EDZ), in terms of extension and in hydraulic/transfer 

parameters. The geochemistry considered in the EDZ is the same as in the 

undisturbed argillites. 

2.1.2.2 Benchmark 2 

For the second benchmark exercise, a more realistic representation of the disposal cell is 

considered (see Figure 2.1-3). It consists of a 3D model including both pathways: the first 

one (in blue color) through the host rock (as in Benchmark 1) and the second one (in red 

color) along the disposal cell towards the gallery. The complete geometrical model includes 

the thickness (130 meters) of the undisturbed host rock (Callovo-Oxfordian layer) and the 

disposal cell located in the middle of the clay layer. The waste packages domain is 

considered as a parallelepiped located in the centre of the disposal cell. The materials to be 

considered in the benchmark model are also indicated in Figure 2.1-3. 
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Figure 2.1-3 : Geometrical assumptions and components/materials (benchmark 2) 
 

The main assumptions taken into account in calculations are the same as for Benchmark 1 

except for the following points (the details for this are given in [7]): 

¶ The waste package is represented by one material with no distinction between 

concrete filling (ñb®ton de remplissageò), in which the source term is distributed in an 

uniform way, and over-pack (disposal container) concrete (ñb®ton de colisageò). For 

migration in this material, there is no hydraulic/transfer performance (high 

permeability and diffusivity corresponding to a neutralized concrete: K = 10-6 m/s and 

Dp = 2.10-9 m2/s). Only geochemistry is applied in the domain, using {Kd, Csat} 

approach on the basis of deterministic input data. It is the same for backfill properties. 

 

¶ For concrete material in the disposal cell around the waste domain, a specific 

geochemistry is considered, with a distribution coefficient (Kd) and a solubility limit 

(Csat). The various studies of geochemical characterization of the concretes show 

that the retention varies according to the various states of alteration of the concrete 

(sound, altered, degraded, neutralized conditions). A relevant approach would be 

thus a variation {space/time} of {Kd, Csat} taking into account these various 
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conditions as shown on Figure 2.1-4. Dynamics of propagation of the various 

alterations of concrete have been performed with many types of concrete. For this 

second benchmark, according to physical studies applied to concrete chemical 

degradation, three chemical states are considered (sound, altered, degraded) and the 

neutralized one can be overlooked. The upper part of Figure 2.1-5 gives typical 

evolution of geochemical states {space/time} and the lower part shows the slightly 

simplified assumptions used in the analysis. This has been applied only to 79Se and 

leads to a more detailed discretization of the disposal cell zone around the waste 

domain, that is to say a new mesh. For 129I, the solubility limit is infinite and Kd is 

supposed to be independent from the states of degradation of the concrete material. 

 

temps

0 t1 t2

From ti to ti+1
sound

d
e
g
ra

d
e
d

altered

n
e
u
tr

a
liz

e
d

space

 

Figure 2.1-4 : States of degradation of concrete material (around waste domain) applied to 
geochemistry 
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Figure 2.1-5 : Way of considering geochemistry {Kd, Csat} in ranges of times for concrete 
material (around waste domain) 

 

Taking into account the previous topics, Table 2.1-1 gives probabilistic input data that have 

been considered within the second benchmark calculations (as an example): 
























































































