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ABSTRACT 

The CEA/IPSN is currently developing a methodology for safety evaluation of 
disposal site projects in granite, clay and bedded salt, host rocks formations. 

In the Institute of Protection and Nuclear Safety, the Department of Safety Analysis 
(DAS) is responsible for the coordination of the modeling effort which is performed 
in several specialized groups. The models are commissionned and utilized at the 
IPSN for specific safety evaluations. They are improved as needed and validated 
through international exercices (INTRACOIN-HYDROCOIN-ATKINS) and experi
mental programs. 

The DAS develops as well a global performance assessment code named MELODIE 
which structure allows to couple the individual models. This code participates 
to international joint studies such as PAGIS, in order to test its ability to model 
specific sites. This should help to control the adequation of the individual models 
to the risk assessment evaluation in order to insure the availability of specific 
data and to identify the most sensitive parameters. This approach should allow 
to coordinate the action between experimentation, code development and safety 
rules determination in order to be ready to perform safety assessment on chosen 
sites. 

The current status of the different aspects of this work is presented. The model 
development concerns mainly : transport, hydrogeology, source term, dose calcula-
tion and sensivity studies. Its connection with data collection and model validation 
is stressed in the field of source modeling, hydrogeology, geochemistry and geopros-
pective. 

The description of the first version of MELODIE is presented. Some results of 
the interactive evaluation of the source term, the groundwater flow and the trans
port of radionuclides in a granite site are presented as well. 

The future developments of MELODIE will consist in including thermomechanical 
effects, improved geochemistry and impact, models for scenarios. Emphasis will 
be given to efficient code operation and user friendliness. 



1 - INTRODUCTION 

In France, long term waste management involve mainly the ANDRA (Agence Natio
nale pour la gestion des Déchets Radioactifs), the DRDD (Département de Recher
che et Développement Déchets) and the IPSN (Institut de Protection et de Sûreté 
Nucléaire), all belonging to the CEA (Commissariat à l'Energie Atomique). The 
ANDRA is responsible for the choice of the site, the definition and the construction 
of the future underground laboratory and the final nuclear waste repository and 
for the safety of these facilities. The DRDD is responsible for the research and 
development connected to the waste package, engineered barriers and waste charac
terization. The role of the IPSN is to perform safety evaluations in connection 
with the project, in support to French regulatory authorities. The issues which 
are addressed to this last institute concern on the one hand the recommendations 
for waste processing and conditionning and on the other hand the performance 
assessment of the repository in the geological formation. The different host rocks 
which are being considered are granite, clay and bedded salt. Several guidelines 
have been determined recently at the IPSN : 

- The IPSN will develop a code for long term risk assessment of nuclear waste 
repositories. 

- The ability of the code to perform these risk assessments will be tested by partici
pating to international exercices such as PAG IS. 

- Emphasis will be given to the interaction between modeling progress and experi
mental programs. 
These different aspects will be presented. 

2 - DEVELOPMENT OF PERFORMANCE ASSESSMENT CODES : 

The IPSN coordinates for its own needs, and as support organism to regulatory 
authorities, modeling activity and code development related to performance assess
ment in the area of hydrogeology, radionuclide transport, dose calculation, geoche
mistry, sensitivity analysis, thermomechanics and geoprospective. We will describe 
these activities. 

2.1 - Groundwater flow and radionuclide transport : 

The basic model for groundwater flow and radionuclide migration is the METIS 
code developed at the Paris School of Mines. METIS is a 2D finite element code 
which solves the diffusivity equation and the advection-dispersion equation for 
equivalent porous medium. Linear adsorption kinetics as well as matrix diffusion 
and nuclear decay chains are included. METIS is used for describing hydrology 
and transport in crystalline rock or in surrounding aquifers for salt and clay forma
tions. 
A recent development of the code was to implement explicit fracture representation 
for groundwater flow. Fractures are considered as linear element with specific 
transmittivity : this simplifies mesh generation and saves computer time. This 
representation will be extended to radionuclides transport calculations. Further 
METIS developments will be to take into account variable water density as a func
tion of temperature or water salinity. Solving coupled groundwater flow and thermal 
or salt transport problems will then be possible. Rules for time step management 
will be set in order to perform these calculations without user intervention. 
The main line of developments in METIS will be connected with time step mana
gement which is fundamental for the optimization of the code. It will be necessary 
due to the large permeability contrasts in the modeled regions, not only to adapt 
the time step to the specific radionuclide, but for a given radionuclide, to the 
zone where it is migrating. METIS participates to INTRACOJN and HYDROCOIN 
projects. 



2.2 - Source term 

Source term modeling development is performed at the CEA/DRDD. The code 
CONDIMENT has been made available. It is a ID code where the near field is 
represented in axisymetric geometry. It includes the glass matrix, the bentonite 
and a layer of the host rock formation (granite). 

The code solves the advection-dispersion equation in the various media. A retarda
tion factor which depends on the element is included. The concentration of the 
element in the glass is set by its solubility limit; this results in the introduction 
of a variable surface which sets the boundary between the region with constant 
concentration and the diffusion region. 

For radionuclides less soluble than silica, the release from the glass is considered 
to be congruent with silica. 

The input variables are the external flow of water and the radionuclide concentra
tion at the boundary. Assymetry introduced by the water flow is taken into account 
by individualizing two 180s sectors for each radius. 

The output of the code is the outward flux of the element. 

This code can solve as well the thermal diffusion through the near field and the 
corrosion of the container. 

Future developments will include coupling of chemical interactions, such as precipi
tation reactions, with transport. 

2.3 - Dose calculation 

A model describing the radionuclide transfer through the biosphere has been develo
ped at the CEA/DPT (Département de Protection Technique). It is based on a detai
led description oi agricultural activities defined in individual systems. In order 
to calculate the contamination by irrigation, the following items have been included : 

1 - A global physiological parameter which takes into account the translocation 
leaves-fruit or leaves-roots. 

2 - An aging effect parameter often observed in experiments. 

The accumulation of radioactivity in soils is calculated using a distribution coeffi
cient between soil and water. The transfer of radioactivity to man is obtained 
from the consumption of food produced in one or several systems. Individual doses 
can be calculated anywhere from the assumed distribution networks of the agricul
tural products. Local or regional collective doses can be calculated by the «a me 
method. 

2.* - Sensitivity analysis 

Sensitivity analysis studies are of key importance to the development ot J nsk 
assessment code. They indicate to what degree of accuracy data have to bo *: .<wn 
and to what level of sophistication models should be developed. 
Sensitivity analysis are usually done by statistical treatments of sets of ion pled 
values of parameters. The same technique may thus be extended for the evaluation 
of risk by sampling parameters associated to scenarios (occurence dates or ampli
tude). 
The algorithms for performing sensitivity analysis are currently being developed 
at the CEA/DPS (Département de Protection Sanitaire). 
They are based on a Latin H y per cube Sampling code which was elaborated at the 
SAND1A National Laboratory [ l ] . 



The input data are the list of parameters to be sampled with their statistical distri
bution, means and standard deviation. Correlations are taken into account by cons
truction of a correlation matrix which transforms the uncorrected sampled set 
to a correlated one. 
Once the response surface has been calculated, a regression analysis is used which 
calculates the correlation factor between the result (dose) and each parameter. 

2.5 - Future developments 

a) Thermomechanics 

Several options will be investigated in order to determine to what extent thermo
mechanics should be introduced in a risk assessment code. These options range 
from taking these effects into account by modifying the statistical distribution 
of the parameters which are affected, performing a sudden change in the value 
of series of parameters, using specific laws of variation between parameters or 
coupling a thermomechanicr.l model to the risk assessment code. 

The choice will be maoe after specific studies made at the CEA/DEMT (Dépar
tement d'Etudes Mécaniques et Thermiques) and BRGM (Bureau d'Etudes Céologiques 
et Minières) with generic codes and associated sensitivity studies performed at 
the DAS. 

b) Geochemistry 

A general investigation has been conducted at the Paris School of Mines in order 
to determine the state of the art in geochemical models and coupling methods 
between geochemistry and transport [2]. 
Tests will be conducted on the coupling of a simplifyed sorption model to a trans
port code. 

3 - DEVELOPMENT OF THE RISK ASSESSMENT CODE MELODIE 

The development of a global model for long term risk assessment is part of the 
methodology which has been defined at the CEA/1PSN. 
The objectives which should be met are the following : 
- couple the individual models which are necessary for risk assessments. 

- perform the adequate interaction between models with time in order to study 
the environment of a nuclear waste repository as a system. 

- adapt new models to the code as progress is made in specific areas. 
- collect data in libraries with easy data transfer to build up data files. 
- develop a tool which access should be as convenient as possible for the user. 

The adequation of the code to its final role will be tested at all times of its develop
ment, and the strong interaction between individual model developments and global 
safety evaluation calculations will be a constant concern. 

3.1 - Description of the first version of MELODIE 

The elaboration of the first version of the code has been in progress for one year. 
Its objective was to be able to perform a complete dose evaluation with time 
from a repository in granite on a specific site. This work is now completed and 
first tests have been performed. 

This version was obtained from the coupling of the METIS code, the source term 
CONDIMENT code and the biosphere ABRICOT code. The repository is represented 
by a série of nodes in a 2D cut of the geosphere. The source term evolution at 
each of these nodes is individualized and exchange data with the METIS code which 
calculates the concentrations in the geosphere. 



The exutories are identified and the outflowing concentration of radionuclides 
in the water is then used to evaluate the activities in the different parts of 
the biosphere and the dose to man. 
Time step management is not yet introduced and is specified by the user of 
the program. Evolution of parameters can only be introduced by predetermined 
changes at specific dates. The groundwater flow calculation is therefore only 
done once, as a permanent, for each change in boundary condition or permeabi
lity. The Darcy flow is then an input data for METIS and CONDIMENT. 

3.2 - PAGIS project [3] 

PAGIS is a joint study in the European Community which should assess the 
adequation of the models developed in the individual countries to risk assessment 
evaluation on specific sites. 
France is responsible for the exercices on three granite sites : Auriat, Barfleur 
(coastal site) and a notional site in England. 
First calculations using MELODIE are in progress. Figure 1 shows the ground
water flow calculation at the Auriat site. The radionuclide inventory has been 
chosen and the exercice is started by performing best estimate calculation 
with this inventory. 
Similar exercices for clay and salt indépendant of the PAGIS project are being 
defined in France. 

3.3 - Future developments of MELODIE 

The next model to be coupled to MELODIE will be the algorithm for sensitivity 
analysis. It will be used inside the PAGIS project. It will allow to precise the 
options for evolution models concerning the geosphere parameters. 
Scenario generators with their impact models will then be introduced in order 
to perform risk evaluations. 
In parallel, the code structure will be optimized. Dynamic exchange between 
storage files and central memory will be implemented for optimum computer 
use. 
Libraries will be constructed for generic data, input file and output data storage. 
The retrieval of data, the construction of input data files and the choice of 
adequate calculation modules will be conversational. 
Automatic time step management of interactive programs will be implemented 
progressively as confidence is gained and specific rules are verified. This aspect 
will be one of the most difficult to solve and will require some user compe
tence.Pre and post processors are already in use in the field of mesh generation 
and graphic display of results. Their use will be extended and simplified. 

SUMMARY 

The methodology for risk assessment developed in France has been implemented 
just recently. It stresses the needs for coordination between data acquisition, 
model development, global risk evaluation which should result in the obtention 
of an efficient tool for safety evaluation. Progress needs to be made in source 
and geosphere modeling, specially in the field of crystalline rock migration. 
Much more sophisticated models could be used than the ones which have been 
described here; sensitivity analysis are fundamental to determine the level 
of sophistication which is necessary to implement. International exchange 
programs are also very important for gaining confidence in the approaches 
which have been chosen. 
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