
IAEA-CN-73/1

APPROACHES FOR TREATING UNCERTAINTY IN XA9847782
THE LONG TERM PERFORMANCE ASSESSMENT OF
A GEOLOGICAL WASTE REPOSITORY IN CLAY

J. MARIVOET, G. VOLCKAERT, I. WEMAERE, D. MALLANTS
SCK-CEN, Waste & Disposal Department,
Mol, Belgium

Abstract

In Belgium the current strategy for high-level waste disposal is the geological disposal in a
plastic clay layer. The performance assessment approach consists of a systematic scenario selection
based on the FEP (features, events and processes) methodology followed by consequence analyses for
the selected scenarios. In these consequence analyses the different sources of uncertainty are
systematically considered. For the normal evolution scenario, i.e. the scenario which includes all
FEP's which are about certain to occur, a stochastic technique of the Monte Carlo type is applied for
treating uncertainty. For the altered evolution scenarios a deterministic approach is generally used to
evaluate the uncertainties on the long-term. In the case of altered evolution scenarios, comparisons of
fluxes from the far field into the biosphere with those calculated for the normal evolution scenario are
used, beside dose calculations, to evaluate the safety consequences. Some typical examples of the
above approaches will be presented.

1. Introduction

In Belgium performance assessments of the geological disposal of radioactive waste in the
Boom Clay layer at the Mol site started already in 1980. A first approach for the treatment of
uncertainty in performance assessment consisted in the application of fault tree analysis to the
geological repository system (d'Alessandro and Bonne, 1981). Although the fault tree
approach offered a number of interesting aspects, it was not further applied because it
appeared to be impossible to identify the distributions for the description of the probability of
occurrence of the various events that might affect the repository behaviour.

The more classical approach to performance assessment, which consists in the elaboration of a
scenario selection followed by analyses of the radiological consequences of the identified
scenarios, was started in 1982 within the framework of the European Commission's (EC) co-
ordinated PAGIS project (Cadelli et al., 1988). In the meantime various performance
assessments of geological disposal at the Mol site have been elaborated within the framework
of the EC's five-years programmes on Nuclear Fission Safety and the Belgian waste
management programme of NIRAS/ONDRAF: PAGIS (Marivoet and Bonne, 1988),
PACOMA (Marivoet and Zeevaert, 1991), UPDATING 1990 (Marivoet. 1992), First
Performance Assessment of the Disposal of Spent Fuel in a Clay Layer (Marivoet et al.,
1996), EVEREST (Marivoet et al., 1997). In the first assessment, PAGIS, the assessment was
essentially based on a deterministic "best estimate" approach complemented by a stochastic
approach for the sensitivity and uncertainty analysis for the uncertainties in the model
parameters. Our most recent assessment (EVEREST) was a sensitivity study in which the
various sources of uncertainty were systematically analysed.



2. Sources of uncertainty in performance assessment

In the case of geological disposal in a clay formation, the repository system considered in the
performance assessment consists of the following components:

- the source term which describes the corrosion of the waste matrix and the resulting release
of radionuclides;

- the near field consisting of the engineered barriers;
- the host clay layer;
- the aquifers surrounding the host layer;
- the biosphere.

Each component can be submitted to various types of uncertainty. Among the various sources
of uncertainties that might affect the performance of a repository system a distinction can be
made between:

- uncertainty in model parameters;
- uncertainty in conceptual models;
- uncertainty in the description of the scenarios.

Because of their very different nature, each of the three mentioned sources of uncertainty
requires a specific approach.

3. Uncertainty in model parameters

For the uncertainty in model parameters a distinction can be made between uncertainty
resulting from the poor knowledge, i.e. no or a only few measurements available, of a given
parameter and uncertainty due to the random character of the parameter. For the first type of
uncertainty complementary research will lead to a considerable reduction of the uncertainty in
the parameter value. For the second type of uncertainty additional measurements will not
necessarily lead to a considerable reduction of the uncertainty in the parameter value but it
may allow to give a more systematic description of the uncertainty; e.g. in the case of a spatial
variable parameter the application of a geostatistical technique might allow to describe the
spatial variability and to quantify the uncertainty in the parameter value.

For the consequence analysis of an identified scenario we apply the following approach to
treat the uncertainty in the model parameters. The uncertainty in each model parameter is
described by a statistical distribution. However in a performance assessment, for most model
parameters the small number of available information will not allow to apply statistical
techniques for the identification of the most appropriate statistical distribution and to calibrate
the parameters of that distribution. In many cases it will only be possible to estimate a
minimum and maximum value for a given parameter value. As a consequence uniform and
log-uniform distributions are applied for many model parameters.

The stochastic calculations are performed by applying SCK-CEN's version of the LISA code;
the original LISA code has been developed by Saltelli at the Joint Research Centre of the EC
at Ispra.



For the sensitivity analyses, the following sensitivity estimators (Saltelli and Marivoet, 1990)
are applied:

- non-parametric statistics;
- correlation coefficients;
- regression coefficients.

Because of the strongly non-linear character of the models describing the transport through
the repository system, it is necessary to apply a variance reduction method prior to the
calculation of the correlation or regression coefficients; this can be obtained by applying
ranks, logarithms or standardisation to the input and output variables. For each of the
sensitivity estimators it is strongly recommended to apply appropriate statistical tests for
hypotheses testing to identify significantly influential model parameters.

Fig. 1 gives the partial rank regression coefficients as function of time for a number of
sensitive parameters in the case of spent fuel disposal in clay.
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Fig. 1 Evolution of the partial rank correlation coefficients (PRCC) for the effective thickness
of the clay (XLC), the diffusion coefficient in clay (DC), the Darcy velocity in the aquifer
(VAQ), the biosphere doseconversion factors for 1-129 and Ra-226 (BIO), the retardation
factor and solubility of U (Re and Csol U) in the case of disposal of 33 GWd/tHM spent fuel
(Marivoet 1996)

To quantify the uncertainty in the calculated doses we apply percentiles: the evolution with
time of the 95th, 90th, 75th and 50th (or median) percentiles are now given as standard output



for the uncertainty analysis. Indeed, because of the above mentioned impossibility for
assigning distributions to each model parameter in a statistically correct way, the use of the
expectation value, i.e. the arithmetic mean of the calculated doses, is not recommended to
quantify the uncertainty in the calculated doses, because of the strong sensitivity of the
expectation value to the shape and extreme values of the parameter distributions. The use of,
for example, the 95th percentiles is therefore recommended (NRPB, 1993) to represent a
reasonable level of assurance that unacceptable doses or risks will not occur.

An example of the calculated percentiles is given in Fig. 2.
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Fig. 2 Evolution of the percentiles and the expectation value (with its 95 % confidence limit
c.l.) of the total dose rate in the case of disposal of 33 GWd/tHM UO2 spent fuel
(normal evolution scenario) (Marivoet 1996)

4. Uncertainty in conceptual models

Uncertainty in conceptual models can be related to the different possible basic mechanisms
which can be incorporated in them or to the uncertainty in the boundary conditions. These
types of uncertainties are treated by performing deterministic calculations for the different
conceptual models. Two typical examples of how these types of uncertainty have been
handled in the performance assessment for the Mol site are given here after. The first example
deals with different conceptual models for the migration of trivalent actinide complexes and
the second example with the uncertainties in the modelling of an aquifer system.

In many clay layers organic materials are present; in the case of the Boom Clay they consist
mainly of humic and fulvic acids (Volckaert et al., 1995). Trivalent elements form easily
organic complexes with the humic and fulvic acids. Experiments, which have been carried out
on clay cores, have indicated that the fulvic acids are mobile in the Boom Clay. The
information that is available from the experimental programme is not sufficiently complete to
allow for a detailed and accurate simulation of the migration of some radionuclides via
complexation on organic materials. On the other hand it is important for the programme
management to dispose already of an estimate of the order of magnitude of the possible
consequences of the complexation by humic and fulvic acids on the performance of the
repository.



In a first attempt for modelling the possible transport of trivalent actinides by fulvic acids two
rather simple and probably conservative models are derived from the available experimental
results and the essential transport parameters of these models can be estimated.

In the first model it is assumed that at the source a partitioning of the trivalent radionuclides
takes place between the mobile (fulvic acids) and immobile (humic acids) molecules. This
partitioning is assumed to be irreversible and both groups then migrate at different migration
rates. For the second model it is assumed that the trivalent radionuclides are weakly soluble or
sorbed on the immobile organic molecules. They are then released to the fulvic acids and this
exchange can be described by the concentration limit which has been derived from the in situ
percolation experiment with Eu. The thus formed fulvic acid complexes migrate without
exchange with the clay minerals or the immobile organic molecules.

The maximum fluxes into the aquifer for the two models are given in Table 1. The first model
leads to rather fast (in the context of geological disposal) releases of actinides in the aquifer.
This is due to the assumed values of the migration parameters, especially of the retardation
factor, of the mobile fraction. The releases are still very low because only a small fraction of
the disposed radionuclides is involved with the faster transport mechanism.

In the simulations carried out with the second model the releases occur later than in the
simulations with the first model. This is due to the higher value of the retardation factor used
in the second model. The releases into the aquifer are here limited by the considered
concentration limit. The simulations of the migration of small fractions of the disposed
amounts of Pu, Am and Cm as organic complexes through the Boom clay indicate small
releases into the aquifers, whereas no releases at all are calculated with models based on
descriptions of the behaviour of the bulk activity of those radionuclides in clay plugs analysed
after migration experiments.

Table 1. Calculated maximum fluxes into the aquifer and their time of occurence for both
models

Radionuclide

Pu-239
Pu-240

Pu-242

Am-243

Cm-245
Cm-246

Model 1
Tmax
(a)

7.3e+04
5.5e+04

1.7e+05

5.4e+04

5.4e+04
4.0e+04

Fmax
(Bq/a)

2.67e+01
3.84e-01

2.67e+00

2.08e-02

3.12e-04
2.78e-06

Model 2
Tmax
(a)

4.00e+05
1.5Oe+O5

2.20e+06

1.35e+05

1.65e+05
8.30e+04

Fmax
(Bq/a)

2.75e-01
5.42e-05

2.14e+01

1.42e-04

1.61e-04
1.10e-07



A sensitivity study on the conceptual model uncertainty in the model of the Neogene aquifer,
which overlies the Boom Clay layer at the Mol site, has been elaborated within the EVEREST
project (Marivoet et al., 1997). The following types of uncertainties hare been considered:

- uncertainties in the geological structure of the aquifer: the extent of the various sand layers
constituting the aquifer are not exactly known and the continuity of thin clay layers
occurring in the aquifer is uncertain;

- uncertainties in the boundary conditions: in the Mol area a large number of small water
courses exist; it is not evident which ones have to introduced in the hydrogeological model
as boundary condition;

- uncertainties in the model parameters.

A large number of deterministic calculations of the water flow and radionuclide transport in
the aquifer have been realised to explore the potential influence of the various types of
uncertainty on the calculated distributions of radionuclides in the aquifer. It was found that for
the considered aquifer system the uncertainties in the value of the hydraulic conductivity in
the various sand layers was more influential than the uncertainties in the geological structure
or the boundary conditions.

5. Uncertainty in the description of scenarios

A first aspect of uncertainty related to scenarios is the demonstration that al relevant scenarios
have been identified. Therefore a systematic approach is used for the scenario selection (NEA,
1992). This approach consists in the following steps (Raimbault, 1984; Gomit et al., 1997):

- preparation of a long list of features, events and processes (FEP's);
- screening of the FEP list and elimination of non-relevant FEP's;
- partitioning of the kept FEP's: a first group of FEP's that are about certain to occur and that

will be treated within the normal evolution; a second group of FEP's having a low
probability of occurrence and that will be treated within altered evolution scenarios;

- grouping of altered evolution FEP's;
- identification of the scenarios;
- description of the scenarios.

The second aspect is related to the future evolution of the repository system. For instance in
the near field of a repository in clay the pH value in a concrete matrix will decrease with time
as a consequence of the leaching of Ca from the concrete into the host clay. At the very long-
term the succession of glaciations and interglacial periods will strongly influence the
behaviour of the repository system. Forecasts of the evolution of the future climate based on
Milankovitch's orbital theory can be used to evaluate the impact of possible changes in the
hydrogeological system (Gomit et al., 1997).

In Fig. 3 an example is given the evolution of the calcium/silica ratio in the near field of a
medium level waste disposal galery backfilled with concrete (Walravens, 1996). Once this
ratio becomes lower than 1, the pH will drop from pH 12 to the in situ pH which is about 8.2.
This will f >: some radionuclides have an important influence on their solubility and thus it is
important ake this FEP into account in the scenario description.
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Fig. 3 Evolution of the calcium/silica ratio in the near field of a medium-level waste disposal
galery

A third aspect of uncertainty in scenario description concerns altered evolution scenarios. For
many altered evolution scenario it is uncertain when the considered phenomenon will occur
and what will be its intensity. For the consequence analysis of a fault scenario (Marivoet and
Bonne, 1988) we have applied a stochastic approach in which the characteristics of the fault as
well as its occurrence time were treated as stochastic variables.

6. Conclusions

Various sources of uncertainty affect the behaviour of a geological repository system. For the
evaluation of the impact of these uncertainties on the performance of the repository system it
is not possible to apply one single approach because of the very different nature of the various
uncertainties. Deterministic as well as stochastic approaches have been developed and
successfully applied to perform sensitivity and uncertainty analyses within the frame of a
performance assessment.
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