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Given the very large time scale involved, the performance assessment of a nuclear waste
repository requires numerical modelling. Because we are uncertain of the exact value of the input
parameters, we have to analyse the impact of these uncertainties on the outcome of the physical models.

The goal of reliability studies is to propagate these uncertainties through models in order to draw
conclusions about the input parameters which are important, that means which have uncertainty that
lead to substantial uncertainty in the disposal behaviour.

These reliability results are useful to improve our understanding of the complex phenomena
involved around the radioactive disposal, and to help the decision process.
They can be integrated in a general reliability study that leads to determine the risk of such an
underground disposal for radioactive waste.

Sources of uncertainty arising from the input parameters are numerous. Uncertainty can come
from our lack of knowledge of the real value of the input parameter, because of the imperfections of our
measurement techniques for example. Uncertainty can also be associated to the natural variability in an
environmental parameter : in this case, we will rather use the term variability.

Both variability and uncertainties may be quantified using probability distributions. The
interpretation of the distributions differs in the two cases : distributions for variable quantities represent
the relative frequency of values from a specified interval; distributions for uncertainty quantities
represent the degree of belief that a known value is within a specified interval.

As the input parameters are probabilistic, the outcome will be probabilistic too : we define then a
failure event that occurs whenever the probabilistic outcome exceeds a given threshold.

Usual numerical methods based on simulations (Monte Carlo simulations, Square Latin
Hypercube method, ...) require a large set of simulations because the probabilities involved (especially
in the waste nuclear field) are very low. Thus, these techniques are computationally expensive and the
problem of time computing makes them impossible to use for that kind of subject.

The EDF Division Research & Development has set a reliability method to propagate these
uncertainties or variability through models which requires much less physical simulations than the usual
simulation methods.

The EDF method, called MEFISTO, is an indirect coupling method that proceeds in three steps :
(1) for each failure event of interest, find out the design point which is the combination of the input
parameters which has the highest likelihood of failure ; (2) determine a polynomial response surface that
approximates the real physical response around the design point; (3) perform all the probabilistic and



sensitivity analyses with the approximate response surface, without any problem of time computing any
more.

The design point is very important since all the reliability results are deduced from its coordinates.
The EDF method MEFISTO proposes a sequence of original optimisation tests that can verify the
quality of this point.

Once we are confident in the design point, we can obtain lots of probabilistic information from it.
First, thanks to the FORM (First Order Reliability Method) or SORM (Second Order Reliability
Method), we determine the failure probability, that is the probability that the probabilistic outcome
exceeds the given threshold.
Furthermore, the design point enables us to calculate the importance factors of each input parameter,
that indicate which of them contribute the most to the failure event. The input parameters associated to
the greatest importance factors are the key sources of uncertainties and variability, and will have to be
the focus of future data collection, research or model development activity.
Finally, the sensitivity analyses help us to determine the influence of each parameter of the input
distributions on the failure probability.

We apply the reliability method MEFISTO to a base case modelling the heat transfers in a virtual
disposal in the future site of the French underground research laboratory, in the East of France. This
study is led in collaboration with ANDRA which is the French Nuclear Waste Management Agency.
With this exercise, we want to evaluate the thermal behaviour of a concept related to the variation of
physical parameters and their uncertainty..

The numerical calculations of the solid conduction in the nuclear waste storage are made with the
SYRTHES code. The SYRTHES code developed by EDF aims at simulating the 3D heat transfers in a
medium by conduction and radiation (restricted to a non participating medium). The transient solid
conduction is solved on an unstructured mesh (tetrahedra) using a finite element technique and the
radiation is handled on an unstructured surface grid (triangles) using a radiosity method. The code is
second order in space and first order in time. The current version allows to realise thermal studies for the
radioactive waste management.. It is important to note that we want to assess the possibility to realise a
coupled approach between MEFISTO and SYRTHES, therefore the paper focuses more on the
methodology than on the interpretation of the thermal behaviour of storage concept..

We consider in this study a storage concept called vault storage. This concept is composed by a
succession of vaults disposed along a drift. In each vault a spent fuel container is placed. The design is
defined by taking into account the various essential factors : number of waste packages defining the heat
removal, rock and buffer characteristics, cooling time, drift spacing... In term, the system has to verify
some thermal limits, in order to moderate the degradation of the concrete (for instance).

We have defined an optimal configuration of vault storage and put three essential parameters which are
the transient power of the spent fuel container, the conductivity of the buffer concrete and the
conductivity of clay. These three parameters define the probabilistic set of parameters and the maximum
temperature of buffer during the phase of ventilation is the probabilistic outcome. We want to know if
the uncertainties of these parameters can lead to overpass the thermal limit on the buffer in a
configuration closed to the design point of a vault storage concept.

In future studies, the aim will be to class the different concepts from a thermal point a view by
taking into account the probability to make errors on the evaluation of the temperature field due to the
uncertainties of parameters.


