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Background

Beside the R&D programme on waste disposal, more
orientated towards characterisation and long-term
safety, many efforts need still to be devoted to feasi-
bility aspects and concept demonstration. The activi-
ties are focused since 1995 on the PRACLAY pro-
gramme that aims at demonstrating the concept of
high-level heat-emitting waste (HLW) disposal in
clay.

SCK-CEN and ONDRAF/NIRAS set up in 1995 an
Economic Interest Grouping (EIG) PRACLAY. In
December 2000, some articles and rules were refined
regarding its responsibility for the management of all
activities taking place in the integrated underground
infrastructure. The Members of the Board took this
opportunity to rename the EIG PRACLAY as EIG
EURIDICE (European Underground Research
Infrastructure for the Disposal of waste in a Clay
Environment).

After the experience gained from the installation and
operation of a surface mock-up, attention is present-
ly devoted to the more detailed design of the in-situ
demonstration test, including feasibility aspects and
instrumentation techniques.

Objectives
r: to design, install and operate a surface mock-up,

simulating at full scale (diameter) the Belgian ref-
erence concept;

IV to demonstrate the construction and operation of
a dummy disposal gallery for HLW in the URL;

•_:• to increase our understanding of water flow and
mass transport in dense clay-based materials and
their mechanical behaviour under a temperature
gradient;

" to improve the reference concept for the HLW
disposal.

Programme

The PRACLAY experiment is based on the current
Belgian disposal concept. It consists of a concrete-
lined gallery with a central stainless steel tube con-
taining the vitrified HLW waste drums in their indi-
vidual stainless steel overpack. Bentonite-based
backfill blocks fill the gap between the central 0.5-m
diameter tube and the 2-m inner diameter lining.

The temperature criterion considered in the current
disposal concept has been adapted: the maximal tem-
perature in the bentonite-based blocks will be kept

below 100°C instead of about 140°C. The PRA-
CLAY demonstration gallery will be 30 m long.
Electrical heaters will simulate the heat generation of
the HLW. In this phase of the demonstration project,
no radioactive waste will be used. The PRACLAY
gallery needs to be installed in an extension of the
present URL.

The excavation of the gallery connecting the second
shaft with the existing facility provides a unique
opportunity to monitor the evolution of Hydro-
Mechanical (HM) disturbances of the Boom Clay
formation. A monitoring programme and the related
modelling activities (the CLIPEX project), co-fund-
ed by the European Commission will enable to
improve and validate the current models on the HM
behaviour of Boom Clay.

The surface mock-up (OPHELIE) prepares and com-
plements the underground work. It is 5 m long, with
a cross-section similar to that of the disposal gallery
as far as central tube and backfill are concerned. A
steel liner keeps the backfill under pressure when the
latter starts to swell due to water uptake. The mock-
up is subjected to the thermal conditions above
100°C lasting for 3 years.

A core group within SCK-CEN, promotes valorisa-
tion of our experience and to stimulate new initia-
tives, provides further support to the EIG in various
fields of expertise like geomechanics and monitor-
ing.

Achievements

We set up this year an integrated "PRACLAY-team":
SCK'CEN and ONDRAF/NIRAS staffs are now
working directly under the leading of the EIG project
manager. This organisation improved significantly
the co-ordination of the activities and the dynamics
of the programme.

The operation of the OPHELIE mock-up was suc-
cessfully continued. We reached the expected final
temperature level (140°C on the central tube, corre-
sponding to 120°C at the internal wall of the mock-
up). Other key parameters like water intake, water-
and swelling pressures are still monitored. However,
of a lot sensors failed.

The main results of OPHELIE mock-up are the
apparent high thermal conductivity of the backfill
material, the rather low swelling pressures exerted by
this material and the observation of strong chemical
gradients in the backfill during the test. From chem-
ical analyses of the backfill water, high concentration
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of chloride near the central tube and the presence of
dissolved sulphides in the backfill were detected (see
chapter Waste & Disposal Research Development).
These two chemical species may induce severe pit-
ting corrosion problems on stainless steel (central
tube and sensors). The corrosion of the stainless steel
components and the mineralogical and chemical
analyses of the backfill materials are considered as
important items in the dismantling programme. To
make this programme as efficient as possible, we cre-
ated a working group including scientists from the
corrosion and migration research teams of the depart-
ment.

The FEBEX 2 programme is a follow-up to the basic
FEBEX programme, intended to demonstrate the
Spanish concept for spent fuel disposal. This EC-
supported programme, co-ordinated by ENRESA but
taking place in the Grimsel test site (Switzerland),
started officially in September 2000. Although refer-
ring to the Spanish context (direct disposal of spent
fuel) and the Swiss granite host rock option, EIG
EURIDICE deemed useful to participate in this pro-
gramme in order to share experience and methods on
the dismantling phase of such an in-situ test having
many similarities with the PRACLAY programme.

Based on a large range of experiences, we have com-
piled an updated an overview of the performance of
measuring devices. This overview is structured
according to the different sensor types that we are
expecting to use for the in-situ experiment, based on
the instrumentation programme. A detailed analysis
from specific set-up's has been made: the OPHELIE
mock-up is representative for the conditions taking
place within the backfill, and the instruments of the
CLIPEX experiment have already given valuable
additional experience on the behaviour in clay. The
analysis has resulted in a list of critical and/or suc-
cess factors leading to a reliable in situ instrumenta-
tion scheme.

Since the provisional delivery of the second shaft end
1999, the exploitation team of the existing under-
ground laboratory has taken over the exploitation of
the shaft. The capacity of the hoisting system has
been adapted to the practical requirements (5 ton).
All technical equipment's required for exploitation
purposes (pipes for compressed air, draining water,
drinking water, electrical cables, signalisation, opti-
cal fibre, etc) were installed in the shaft in the course
of 2000.

To ensure, as soon as possible, the connection
between the gallery and the second shaft the existing
underground installations will be dug and lined by

the end of 2001.

In the framework of the CLIPEX project, two bore-
holes (one inclinometer and one multi-screen
piezometer) were drilled from the bottom of the sec-
ond shaft, to follow the response of the Boom Clay
mass to the mechanised excavation (shield and road-
header).

In the frame of the demonstration and improvement
of the concept, particular attention needs to be paid
to the minimisation of the excavated disturbed zone.
The disturbance observed around the second shaft
(see photo below) requires further study to under-
stand what happens and to follow with time the
expected self-healing behaviour of fissures. Micro-
sonic measurements (down- and cross-hole) have
been performed by Bundesanstalt fur
Geowissenschaften und Rohstoffe (BGR) (Hanover)
in two parallel boreholes in the direct vicinity of the
axis of the future connecting gallery. On-going inter-
pretation will combine these measurements with a
video of the two boreholes walls and a core drilling
along the gallery axis.

The experience gained from the mock-up allows now
revising the objectives of the PRACLAY experiment.
The PRACLAY experiment will be, as much as pos-
sible, an in-situ verification and confirmation of the
present status of scientific and conceptual knowl-
edge.

It will contribute to a better understanding of the dis-
posal system including interactions between its com-
ponents. This refers mainly to thermo-hydro-
mechanical and geochemical coupling. The limita-
tion of the temperature at 100°C in the backfill mate-
rial resulted in the revision of the thermal load in the
PRACLAY experiment. The thermal phase will be

Fractures (see arrows) in the lateral wall of the starting chamber.
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extended from 3 to 5 years considering a linear ther-

mal load of about 250W/m.

A major review with regard to the general design of

the experiment is now running. In particular, the fol-

lowing points are being reconsidered:

:;: the crossing chamber between the connecting

gallery and the PRACLAY gallery including the

design of a plug that has to be watertight and to

resist the swelling pressure while it allows the

thermal dilation of the central tube;

: the central tube, the hydration and heating sys-

tems;

:: the instrumentation programme.

In the framework of a PhD study, we are performing

research on the influence of radiation and heat on the

performance of optical fibres. This study, oriented

towards the application of optical fibres as dose sen-

sors, has important potential spin-offs in the devel-

opment of optical sensor for the monitoring of in situ

tests or even of a repository.

As part of its responsibilities within the EIG

EURIDICE, SCK'CEN has proposed to IAEA to

open the URL for international collaboration. This

initiative is part of a broader action to attract interna-

tional partners for research and demonstration proj-

ects in connection with the URL.

This is aimed at valorising and extending our experi-

ence and know-how. In this context, SCK«CEN con-

tinues its partnership within the Mt. Terri project

(Switzerland) and is discussing the possibility to pro-

vide expertise for the experimental programme to be

developed at the URL project of ANDRA at Bure,

France. In the frame of the support programme of the

Ministry of Economic affairs in the enhancement of

nuclear safety in East and Central European coun-

tries, a Hungarian trainee joined the PRACLAY team

during a few months to get insight in the develop-

ment of in situ experiments and URL development.

Perspectives

The next excavation works on site (connecting

gallery) are foreseen to start in the second semester

of 2001. We will launch very soon the "blind predic-

tions" in the frame of the CLIPEX project.

The design of the PRACLAY experiment will be

continued. An important work remains the THM

characterisation of the backfill material. For this pur-

pose, different laboratory tests are scheduled. Also

modelling efforts will be further developed to simu-

late the unsaturated hydro-mechanical behaviour

during the hydration process of the backfill.

The heating phase of the OPHELIE mock-up will

continue up to June 2001, followed by a cooling

down period and the dismantling phase planned from

September 2001. The mock-up dismantling should

allow to verify the observations and assumptions

made during the test, leading to a better interpreta-

tion of the mock-up measurements and an optimisa-

tion, based on scientific and technical outputs, of the

design and planning of the in-situ test.

A partial dismantling of the FEBEX in situ test is

foreseen for the summer of 2001, some time before

the dismantling of the OPHELIE mock-up. We

expect to share technical know-how and scientific

results regarding the performance of the backfill bar-

rier. Our experience in clay should contribute to the

development of sampling techniques for the saturat-

ed smectite clay and of calibration of measuring

devices retrieved from the backfill. This will lead to

a higher reliability in designing and installing future

instrumentation and in comparing both types of

backfill.

In addition to the compilation of available data on

sensor performance, we are currently setting up a test

programme for complementary testing of the candi-

date sensors under the severe experimental condi-

tions expected (temperature, water pressure). The

selection of instruments for the clay host rock around

the future PRACLAY gallery will be based on criti-

cal review. The installation of these instruments is

foreseen shortly after completion of the connecting

gallery.
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