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Background

For the assessment of the performance of a geologi-

cal disposal system the barrier properties of the host

formation, backfill material and seals have to be

demonstrated for very long time periods. Therefore

the processes governing the migration of radionu-

clides and dissolved gases need to be studied.

Performance assessment is mainly based on model

calculations and on safety indicators.

Objectives

The main objective of the research program is:

"To provide reliable and defensible models and

parameters, based on a sound scientific understand-

ing, for the long time prediction of the migration of

dissolved radionuclides and gases through the host

formation (Boom Clay) and the Backfill of a deep

Geological Repository for High Level Radioactive

Waste."

The different processes able to return the radionu-

clides to the biosphere and the factors influencing

these processes are studied. The values of the model

parameters for the migration of radionuclides and

gases generated in the repository are determined by

experiments on clay cores and by field tests. The

models and the values of the model parameters are

validated by large-scale in situ experiments and by

natural analogue studies.

Programme

For the measurement of these model parameters, dif-

ferent types of experiments are performed. These

models and parameter values are used for the per-

formance assessment calculations, and are validated

by large-scale in situ experiments and confrontation

with the results of natural analogue studies.

Migration tests are carried out to study the diffusion

of actinides, fission products, and the mobility of the

dissolved organic matter in the interstitial clay water.

Experiments with labelled organic matter (OM) are

performed to understand the role of OM on the

migration of radionuclides. Electrokinetic methods

are developed and used, as a complementary tech-

nique to reduce the very long time presently needed

for the migration experiments.

Large-scale 3-D experiments with tritiated water,

with <4C labelled bicarbonate, and with 14C labelled

organic matter, installed from the underground

research facility, are in progress. These experiments

are used to confirm the anisotropy of the hydraulic

parameters and to validate the migration model and

the parameter values. To increase the confidence in

the modelling results for very long time spans, the

Boom Clay is also studied as a natural analogue.

Anaerobic corrosion experiments are performed in

clay slurries to study the gas generation rate of stain-

less steel and carbon steel in contact with Boom

Clay.

In the frame of the assessment of backf.ll and sealing

materials and methods, a large-scale in situ demon-

stration and feasibility project (RESEAL) is per-

formed. The project consists of a preliminary small

scale-sealing test in a horizontal borehole and a large

scale-sealing test of a vertical shaft. In co-operation

with European partners, a seal plug will be installed

and tested for water and gas tightness. The test is also

intended for the validation of models describing

water and gas flow through the seal and the near

field.

The homogeneity of the Boom Clay for the migra-

tion of radionuclides is obtained through detailed

sampling over the full thickness of the formation.

Achievements

Measurement of migration parameters in Boom Clay

for the radionuclides of major concern is continued.

Different long-term migration experiments are com-

pleted. The analysis and the interpretation are still

going on. In the frame of the safety assessment and

as a preparation for the SAFIR-II report, we per-

formed a critical review of the existing migration

parameters.

We applied with success the electrokinetic method

for strongly retarded radionuclides (caesium and

radium). The technique is also used for the study of

the migration behaviour of europium complexes with

native Boom Clay organic matter. The study of redox

sensitive elements (e.g. uranium) also started.

Monitoring and sampling of the large-scale in situ

migration experiments are continued. The results of

these experiments confirm the anisotropy of the

Boom Clay for the migration of radionuclides. A fac-

tor of two is observed between the horizontal and the

vertical component of the hydraulic conductivity and

of the apparent diffusion coefficient. The measured

concentration profiles are in good agreement with the

predictive model calculations. The figure below

gives an example of both measured and calculated

profiles in case of an experiment with tritiated water

running for almost twelve years.
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Model simulation (curves)
and measured tritium
concentrations (symbols)
in the interstitial liquid
for a large-scale in-situ
migration experiment with
tritiated water (HTO).
Results from eleven
years are shown for the
injection filter (5), and
for the sampling filters at
distances oflm(4 and 6)
and 2 m (3 and 7) from
the injection filter.
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Results from the first phase of the study of the influ-

ence of the dissolved organic matter on the migration

of radionuclides (TRANCOM Clay) are available.

They showed that the organic matter might serve as

well as transport agent, but also as sorption sink due

to exchange with immobile organic matter. Major

part of Am is strongly sorbed (complexation with

organic material); small part of Am is mobile and not

in equilibrium with the solid phase.

Mathematical models are continuously developed or

improved for the interpretation of different types of

migration experiments to still better fit numerical and

experimental results, taking complementary process-

es into account whenever necessary. In case of reac-

tive elements, we coupled solubility concepts to the

transport model. The following figure shows, as an

example for a percolation experiment with tech-

netium, that the concentration evolution of the per-

Measured and calculated
technetium concentrations
at the outlet of column
percolation cells.
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colate can be well explained by solubility controlled

transport model. The solubility values fitted from the

experiments are in good agreement with those com-

ing independently from geochemical calculations.

These first results demonstrate the importance of sol-

ubility and speciation of radionuclides for reactive

transport modelling.

A series of migration experiments, running over

more than six years, to study the influence of the

ionic strength of the interstitial solution on the diffu-

sion accessible porosity in clays were recently com-

pleted. The results show a substantial increase of the

diffusion accessible porosity for anions by increasing

ionic strength.

We also finalise the study of the homogeneity of the

Boom Clay for the migration properties (hydraulic

conductivity, apparent diffusion coefficient, and dif-

fusion accessible porosity) for non-retarded species.

The results show quite homogeneous properties over

the entire thickness of the formation. Similar investi-

gations were performed on the leper Clay.

Time consuming experiments, started last year to

study the migration of an alkaline and of a nitrate

plume through the Boom Clay are continued. They

are aimed at assessing the potential of such plumes to

modify the properties of Boom clay in the frame of

migration studies.

To increase the confidence in the long-term model

predictions of the radionuclide migration, the natural

distribution and mobility of trace elements and

radionuclides in the Boom Clay was studied over the

entire depth of the clay deposit. Natural occurring

REE, U, Th and their radioactive isotopes can be

considered as natural analogues of critical elements

for the long-term safety of a radioactive waste dis-

posal site. A particular soil interval located at the

base of the Putte Member, the more compacted

(clayey) host horizon in the Boom Clay formation,

was selected for a more detailed mineralogical, geo-

chemical and radiochemical investigation. This inter-

val includes a zone with higher U concentrations but

also the zone referred as the 'Double Band' which is

the most silt layer of the Boom Clay and therefore a

potential zone of higher permeability. This study

gave access to data on the long-term behaviour of

radionuclides and trace elements in realistic geologi-

cal conditions and over geological time periods rele-

vant for the assessment of the safety of a repository.

In the frame of the international "Mt Terri" project

(Switzerland), we participated in the characterisation

of the hydraulic and gas properties, and in the meas-

urement of the migration parameters of the candidate

Opalinus Clay formation.

Preliminary studies of the gas generation by anaero-

bic corrosion of steel were conducted to get a rea-

sonable estimation of the gas source term needed for

performance assessment. The results of the experi-

ments showed that the activity of the methanogenic

bacteria present in the Boom Clay reduces the gas

source term generated by the anaerobic: corrosion of

carbon steel through the metabolic transformation of

the released hydrogen into methane. The very low

corrosion rate of stainless steel 316L in. contact with

Boom Clay slurry under anaerobic conditions is con-

firmed.

The research concerning gas migration in Boom

Clay, as part of the PROGRESS project comes to an

end. The existence of a hydromechanical coupling in

the migration process was underlined and confirmed.

It was demonstrated under realistic experimental

conditions that a long-term gas migration in Boom

Clay through an artificially created pathway did not

affect the clay's migration properties. 1'here is still a

need for further conceptual understanding of the

mechanisms of gas migration through plastic clays.

We were asked to participate as one of the main

authors in a joint EC/NEA publication of a status

report: "Gas migration through engineered and geo-

logical barriers".

In the frame of the RESEAL project, :he large seal

and its instrumentation devices have been success-
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fully installed in the experimental shaft. The follow-
ing picture gives an overview of this test set-up. The
hydration of the seal is started and the seal-testing
phase itself is planned for the end of next year. The
material selected for the seal is a mixture of highly
compacted FoCa clay pellets and powder, designed
to develop the required swelling pressure for the seal.

The study of self-healing of the joints between high-
ly compacted bentonite blocks after hydration
showed a complete closure of the joints, even if, after
drying of the material, the joint interface reappeared.

Perspectives

Most of the time consuming experiments are going
on, requiring detailed follow-up, namely for running
migration experiments.

The RESEAL test will be continued, and the effec-
tiveness off the seal will be tested for gas and water
tightness once the system is hydrated.

The influence of the dissolved organic matter on the
migration of radionuclides will be continued in a sec-
ond phase of the TRANCOM project where double
labelled experiments with U, Np, Pu and Se will be
performed in site specific material.
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