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T'«HE PRIMARY MISSION of the Waste Dis-
posal programme is to propose, develop,

and assess solutions for a safe and acceptable
disposal of radioactive waste. Geological dis-
posal is considered a realistic solution for the
final disposal of high-level and long-lived ra-
dioactive waste, whereas shallow-land burial is
examined for the disposal of low-level radio-
active waste. In Belgium, deep geological burial
in clay is the primary option for the disposal of
High-Level Waste (HLW) and spent fuel.

Performance assessment The Perfor-
mance Assessment project focuses on assess-
ing the long-term safety and the acceptability
of disposal systems by developing and apply-
ing validated methods to the modelling of the
various phenomena controlling the release and
the migration of radionuclides from the repos-
itory to the biosphere. This assessment re-
quires reliable data on the different compo-
nents of the system and more particulary on
the most critical elements of integrated repos-
itory systems. The programme is therefore
divided into complementary projects dealing
with particular aspects.

Programme Running performance assess-
ments are elaborated in the framework of the
following contracts and research agreements
with NIRAS/ONDRAF and the EC:

m a multiyear research programme for elabo-
rating the performance assessment of the
potential geological disposal of radioactive
waste in the Boom Clay layer at the Mol
site;

• the SPent fuel Assessment (SPA) project, a
performance assessment of the direct dis-
posal of spent fuel at the Mol site;

a complementary concept assessments for
shallow-land burial in Belgium and abroad.

Achievements We are elaborating a de-
tailed performance assessment for the Mol
site, following a strict quality-assurance pro-
cedure. The first step of this assessment con-
sists in a systematic scenario study. All phe-

nomena that are almost certain to take place
will be treated in a normal-evolution scenario,
but eight altered-evolution scenarios were also
identified.

The PORFLOW code allows us to simulate the re-
lease of radionuclides from the near field and
their migration through the host clay layer, in
order to analyse the consequences of the dis-
posal of vitrified HLW. An example of the cal-
culated radionuclide fluxes into the Neogene
aquifer is given in Figure 1 for the case of
the normal-evolution scenario. The transport
of radionuclides released from the host clay
through the aquifer into the biosphere is simu-
lated with the Groundwater Modelling System
(GMS) package. Calculations of the flow paths
allowed us to determine the area and the rivers
that might be influenced by radionuclides re-
leased from the geological repository.
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Figure 1 Calculated fluxes of selected radionuclides

released from the host clay layer into the Neogene

aquifer.

For the SPA project, we collected the basics for
the assessment into a topical report covering
the geology and hydrogeology of the site, the
spent-fuel inventories, the packaging policy,
and the repository design. The next step of
this assessment will be to select and describe
the scenarios to be analysed.

In the framework of an internal R&D project, we
collected clay cores in clay pits and measured
the vertical and horizontal hydraulic conduc-
tivity of the clay. The results of these mea-
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surements, together with those obtained from
the measurements on clay cores taken during
a data-acquisition campaign, are essential for
defining the spatial variability of this parame-
ter of the Boom Clay on a regional scale.

Perspectives for 1998 The performance as-
sessments regarding the geological disposal of
reprocessing waste in the Boom Clay layer at
the Mol site are long-lasting and iterative pro-
cesses which will have to continue for some
more years. In particular in 1998, we will ana-
lyse in detail the normal-evolution scenario for
the most important waste types. We will use
these results in our contribution on environ-
mental impact assessment to the SAFIR 2 report,
to be presented in 1999 by NIRAS/ONDRAF to the
Belgian authorities responsible for radioactive
waste disposal.

From 1998 until 1999, we will perform the
consequence analyses of spent-fuel disposal in
clay in the framework of the EC's SPA project.

Characterization of the geosphere The
host rock is the natural and the main barrier
against the migration of radionuclides to the
biosphere. Its characterization includes that
of the confining layers and requires

• to characterize the Boom Clay formation ad-
equately and to study its homogeneity;

• to collect the geological, piezometric, and
hydraulic data required for studying the hy-
drogeological system in the Mol area and to
develop a regional aquifer model for North-
eastern Belgium;

• to test and validate computer codes used
in the performance assessments for simu-
lating water flow and transport of radio-
nuclides in aquifers;

s to build confidence in long-term predictions
by developing natural-analogue studies on
the Boom Clay formation itself.

Programme The hydrogeological studies
sponsored by NIRAS/ONDRAP are piezometric
measurements in the boreholes of SCK-CEN's
hydrogeological network and the elaboration
of a data-acquisition campaign needed for fur-
ther developing the multilayer regional aquifer

model of Northeastern Belgium. This cam-
paign is complemented by an internal R&D
project that investigates the spatial variabil-
ity of the hydraulic conductivity of the Boom
Clay.

In the PHYMOL (PalaeoHYdrogeology of the MOL
site) project, sponsored by the EC, we will look
for indications, on the basis of the geochemical
distributions, regarding the ground-water flow
in the Mol region during a glaciation.

Achievements The fourth borehole of the
hydrogeological data-acquisition campaign has
been drilled at Weelde in 1997. It reaches the
top of the leper Clay and has allowed us to take
cores and to carry out geophysical loggings.
The hydraulic conductivity of clay cores taken
at Zoersel and Mol is measured to study the
variability of the hydraulic conductivity of the
Boom Clay with depth and to look for correla-
tion with the lithostratigraphy of the clay layer.

Perspectives for 1998 We will resume the
regional hydrogeological modelling by taking
into account the results obtained from the
large 1996-1997 data-acquisition campaign. In
this respect, we will also further determine the
hydraulic conductivity on clay cores.

For the PHYMOL project, we will interpret the
results of the first series of geochemical and
isotope analyses on ground-water samples and
develop models to explain the observed iso-
tope distributions.

Characterization of the waste Character-
izing the source term is of primary importance
for assessing a waste disposal system. It re-
quires

• to assess, through in situ and laboratory
corrosion experiments, the performance of
candidate overpack materials as physical
engineered barrier;

• to determine or verify various chemical and
physical characteristics of radioactive waste
forms relevant to the Belgian waste manage-
ment programme;

• to improve or develop tools arid methods
for characterizing radioactive waste;
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m to assess experimentally or demonstrate in
situ, in parallel with modelling works, the
long-term behaviour of various waste forms
with regard to their geological disposal in
clay.

Programme The programme comprises the
following activities:

• the nondestructive assay of real LLW pack-
ages, as part of a round-robin campaign,
and the measurement of the leaching sta-
bility of cemented ion-exchange resins;

m the investigation of the effect of the ra-
diolythic degradation of bituminised waste
and of the degradation products of contam-
inated cellulose waste on the solubility of
americium and plutonium in geological dis-
posal situations (clay or bentonite environ-
ment);

m the study of the corrosion mechanisms of
HLW glass in geological disposal media, with
special emphasis on the leaching behaviour
of neptunium and technetium, and on the
geochemical and mathematical modelling
of the corrosion; in complement to this, the
characterization of neptunium complexes
formed when neptunium-doped glass and
clay water interact;

• the determination of the solubility of UO2
in Boom Clay water, emphasizing the effect
of humic acids and carbonates;

m the study by electrochemical techniques of
the corrosion stability of stainless-steel con-
tainer materials in geological disposal me-
dia, considering the influence of the most
important parameters on pitting corrosion;

• the study by in situ tests of the interaction
between cemented or vitrified waste and
Boom Clay or backfill materials.

Achievements We had to expand consider-
ably our laboratory infrastructure to accom-
modate the new R&D programmes started in
1997. We purchased three glove boxes to per-
form tests under anaerobic atmosphere (pure
argon, occasionally with control of the CO2
pressure). They are used for the plutonium and
americium solubility study, the UO2 solubility
study, and the electrochemical corrosion study
on container-materials.

We proposed a final interpretation of the in
situ corrosion tests on glasses started some
ten years ago, focusing on the tests yielding
contact with Boom Clay at 90°C. An extended
programme of surface and profile analyses us-
ing Scanning Electron Microscopy - Energy-
Dispersive Spectroscopy (SEM-EDS), Electron-
Probe MicroAnalysis (EPMA) with X-rays, and
Secondary-Ion Mass Spectroscopy (SIMS) on the
corroded glass samples enabled us to inter-
pret the measured mass losses. We demon-
strated the meaningfulness of the in situ test
data as compared with laboratory simulation
tests. We obtained new information on the
dissolution mechanisms from the longer ex-
periments (until 7.5 years). The effect of the
glass composition on its dissolution upon in-
teraction with Boom Clay increases with time,
the difference between the "best" and "worst"
glass being about a factor of 30. We propose
three types of dissolution behaviour: a matrix-
controlled dissolution in case of the Cogema
glass SON68, a selective, diffusion-controlled
dissolution in case of the DWK PAMELA glass
SAN60, and a quite fast dissolution for the DWK
PAMELA glass SM513 associated with secondary-
phase formation. The total depletion depth of
the glasses after 7.5 years ranges between a
few hundred microns and some tenths of a mi-
cron. We also observed that the glass corrosion
in contact with Boom Clay is very sensitive to
temperature. We propose a dissolution rate of
0.3 um-a"1 at the ambient temperature of 16°C,
suggesting that the glass matrix is indeed a bar-
rier in the geological disposal system.

We developed a geochemical model to describe
the interactions between HLW glass and Boom
Clay. This model, based on the combination of
two submodels (glass/water and clay/water),
uses the PHREEQC geochemical code and as-
sumes that the cation concentration in solu-
tion is controlled by single minerals. Silicon,
for instance, would be controlled by the chal-
cedony phase in Boom Clay. We obtained a
good agreement between the calculated and
measured composition of the interstitial clay
water. So far, we only applied the model to
the Cogema glass SON68. The main finding is
that the calculated soluble silica concentration
in solution, Ks = 10~3-7, remains below the sat-
uration limit of amorphous silica, Ks = 10~2-9

(representative for the glass). This explains
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the corrosion-enhancing effect of Boom Clay,
which acts as a sink for silica released from the
glass and thus prevents saturation of the solu-
tion. Further efforts will consider variations
in glass composition and other glasses, to try
to explain the different corrosion behaviours
and the possible occurrence of secondary min-
erals.

We made significant progress in modelling the
glass corrosion with a Monte Carlo transport
code used to solve the mathematics of the tran-
sition state theory. This model assumes that
the glass consists of two kinds of particles: a
network former (silicon) and a network mod-
ifier (sodium), arranged on a diamond lattice
in contact with water. Our Monte Carlo model
so far assumes three processes: silica dissolu-
tion, ion exchange, and diffusion of silicon or
sodium in water. We choose the model parame-
ters, the probabilities and thermodynamic con-
stants of the various processes, and the time
step. The model calculations show two types
of dissolution behaviour. For small concentra-
tions of the network modifier (sodium), disso-
lution is congruent and the dissolution of the
network former (silicon) dominates the disso-
lution process. For higher concentrations of
the network modifier, the dissolution is not
congruent and large surface layers form. Typ-
ical results from geochemical and Monte Carlo
modelling are shown in Figures 2 and 3.
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The electrochemical corrosion tests on candi-
date overpack materials were started. We fo-
cus on the Aisi 316L stainless steel recently pro-
posed by NIRAS/ONDRAF and investigate to a mi-
nor extent other materials such as other stain-
less steels, carbon steel, and nickel and tita-
nium alloys, using a standard corrosion cell.
The environmental conditions selected include
Boom Clay and bentonite media, aerobic and
anaerobic conditions, various concentrations
of agressive agents (Cl~ and S2O3~), and tem-
peratures of 16, 90, and 140°C. Polarization
curves allow us to determine the characteris-
tic potentials, for instance the critical potential
for pit nucleation Enp.

The new electrochemical corrosion programme
started by establishing a procedure to fabri-
cate crevice-free working electrodes. A method
using a double epoxy-resin system for embed-
ding the metal yields good results. Preliminary
results in clay water under aerobic conditions
show that only carbon steel corrodes (by uni-
form corrosion) at 16°C, whereas more materi-
als show signs of pitting corrosion at 90°C, for
certain concentrations of Cl~ and S2O3".

Progress on new projects includes the follow-
ing achievements.

• Five full-size ixw packages were assayed
by (nondestructive) gamma spectroscopy or
passive neutron counting.
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• We started to qualify some real cemented
ion-exchange resins produced by the Doel
power plant regarding homogeneity and
leaching.

• We performed radiolythic degradation tests
on inactive Eurobitum samples, by irradi-
ating them for a total absorbed dose of
4.3 MGy in the BRIGITTE facility in BR2. The
degradation products were fully analysed
and their effect on the americium and plu-
tonium solubility studied. The project on
alpha-contaminated cellulose waste follows
a similar rationale.

• New solubility tests on UO2 in various types
of clay waters aim to investigate the ef-
fect of humic acids and carbonate. Within
two months, we obtained uranium solubil-
ity data between 2 and 8 x 10"7 M. The real
solubility might be slightly higher.

• We started to investigate the neptunium
complexes formed when HLW glass inter-
acts with Boom Clay water. This study in-
volves leach tests with neptunium-doped
glass, the determination of the complexa-
tion constant for Np(rv) with humic acids,
and the characterization of the complexes
formed by means of laser-induced photo-
acoustic spectroscopy.

H We prepared new tests on cemented waste,
with a view to investigating its long-term be-
haviour in disposal conditions in Boom Clay
(in situ corrosion test tubes). Among the ce-
ment formulations used, one incorporates
the reprocessed BR2 fuel.

m Another new in situ project, the CORALUS
experiment, investigates the interaction be-
tween alpha-doped waste glass and ben-
tonite backfill or Boom Clay. As a special
feature, it includes 60Co gamma-radiation
sources and instrumentation allowing solu-
tion and gas sampling and analysis. The
first test—a blank tube—will start during
the first semester of 1998 (Fig. 4).

Perspectives for 1998 Since many experi-
ments developed within the programme on
waste packages, such as the CORALUS experi-
ment, are rather time-consuming, they will con-
tinue in 1998.

Tube with 60Co sources

Heating element

Filter

Class samples

Backfill B

Piezometers

Backfill A

Figure 4 Three-dimensional view of a CORALUS test

tube. Backfill and outer porous support tube of mod-

ules B and C are cross-sectioned to show details of the

inner support tube.

Important milestones will however be achieved
in 1998. In particular, we will submit our inter-
nal quality-assurance system to an external au-
dit for accreditation and we will complete the
round-robin campaign for nondestructive as-
say of full-size waste packages.

For the waste forms relevant to the Belgian pro-
gramme, we can further mention

• the laser-induced photoacoustic spectro-
scopy analyses to be performed on the nep-
tunium complexes from the leach tests on
the neptunium-doped glass, in collabora-
tion with Belgian and German institutions;

• the electrochemical and immersion tests to
be started in the framework of the corrosion
programme on canister materials;

• the new in situ corrosion tests to be in-
stalled with cement specimens and leach
tests to be carried out on fully active ce-
mented reprocessed BR2 fuel;

• the solubility and sorption tests with ameri-
cium and plutonium to be performed for the
bitumen and cellulose project.
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Processes taking place (on the way) from
the repository to the biosphere Assess-
ing the performance of geological disposal sys-
tems requires knowledge of the source term
and the near field, but also understanding and
forecast of the migration of radionuclides in
clay, their transport in the aquifers, and their
potential release into the biosphere, as well as
any process which might lead to the creation of
migration paths. Therefore the following four
objectives are of primary importance:

• to develop, test, and validate a conceptual
and a mathematical model for the migration
of radionuclides in clay, resorting to both
laboratory and large-scale in situ migration
experiments;

• to develop, test, and validate a model for the
thermohydromechanical and chemical be-
haviour of an unsaturated clay-based back-
fill material;

• to study the generation of hydrogen gas
due to anaerobic corrosion of metals and
its subsequent migration through the clay
by diffusion and gas breakthrough;

• to investigate the reaction of a clay environ-
ment to the temperature increase and the
radiation dose in case of disposal of repro-
cessed HLW in the Boom Clay layer.

Programme As regards the far field, we ex-
tended a few years ago the part of the pro-
gramme related to the clay host rock from the
migration of radionuclides in the Boom Clay
formation to the study of gas migration. With
regard to gas generation, we also performed

anaerobic corrosion experiments in clay slur-
ries to study the corrosion rate of stainless and
carbon steel in contact with Boom Clay.

More recently, the study of the influence of
the organic matter present in the clay water
contributed substantially to the migration pro-
gramme. Migration tests study the diffusion
of actinides and fission products, and the mo-
bility of the dissolved organic matter in the in-
terstitial clay water. Experiments with labelled
organic matter are also performed.

Large-scale three-dimensional validation ex-
periments are in progress. Installed from the
underground research facility, they use triti-
ated water and 14C-labelled bicarbonate.

In the framework of doctoral and postdoctoral
theses, we develop electrokinetic methods to
accelerate the time-consuming migration ex-
periments (Fig. 5) and we study the Boom Clay
formation as a natural analogue to Increase the
confidence in the modelling results for very
long time spans.

Regarding the near field, the first phases of
the CERBERUS project quantified the medium ef-
fects (Eh, pH, hydrogen production) induced by
a HLW canister simulated with heating elements
and 60Co sources. After retrieval of the sources
and hydration of the backfill, we are presently
analysing the near-field effects oa clay sam-
ples cored in the surrounding clay. The pro-
gramme investigates further the performance
of selected clay-based materials in different ex-
perimental conditions and configurations.
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Figure 5

Experimental setup of

the electrokinetic

migration experiments.
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The RESEAL project aims at the large-scale in
situ demonstration of the feasibility of seal-
ing a repository in a clay formation. In co-
operation with European partners, we will seal
an experimental shaft and test it for water and
gas tightness. This experiment will also help
us validate models for the calculation of water
and gas flow through both clay seal and near-
field clay.

The CATSIUS CLAY project is another valida-
tion and benchmark exercise for codes dealing
with the hydromechanical and thermomechan-
ical behaviour of unsaturated clays. To sup-
port code development, we continue to study
different clay-based backfill materials with Eu-
ropean partners. In particular, for model val-
idation, we propose the representative set of
reference field data obtained through the in
situ test BACCHUS 2.

Achievements We continued the time-con-
suming experiment allowing us to determine
the migration parameters in Boom Clay of the
radionuclides of major concern.

We demonstrated and validated the applicabil-
ity of the electrokinetic methods to determine
diffusion coefficients in porous media (Fig. 6):
m diffusion coefficients can be obtained by in-

dependent calculation methods;
• the experimental time for diffusion studies

reduces markedly;
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Figure 6 Distribution profiles after electromigration

of 85Sr (72V-m-', 71 hrs), 22Na (84V-rrr', 20 hrs),
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Figure 7 Europium sorption on illite as a function

of pH and NaCICU concentration.

• the statistical reliability of the migration pa-
rameters increases markedly;

• soil characteristics such as the dispersion
length and electro-osmotic mobility were
determined;

• retardation coefficients for cationic species
can also be obtained.

To increase the confidence in the long-term
model predictions of the radionuclides migra-
tion, we characterized in detail the mineralogy
and the geochemistry of the Boom Clay on sam-
ples of the Zoersel and Mol-1 drillings. We
paid special attention to the distribution and
mobility of the trace elements (lanthanides,
uranium, and thorium) naturally occurring in
the Boom Clay; these can be considered as
natural analogues of critical elements for the
long-term safety of a radioactive-waste dis-
posal site. We are presently characterizing the
radiochemistry of the Boom Clay.

To study the fundamental interactions of ra-
dionuclides and Boom Clay, we developed a
multisite sorption model for clay minerals.
This model allows us to integrate a sorption
database into a thermodynamics-based geo-
chemical equilibrium calculation. Figure 7
shows the good agreement between the mea-
sured and the modelled sorption data for an
europium-illite system. The lines are cal-
culated by the multisite model considering
both cation exchange and surface complexa-
tion sorption.
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We continued to monitor and sample the large-
scale in situ injection experiment with tritiated
water, started in January 1988. After 10 years,
the measured tritium concentrations in the in-
terstitial water still agree very well with the re-
sults of the MICOF computer code simulation.

Regarding our large-scale three-dimensional in
situ migration experiment started in 1995, we
detected tritium in the filters located at one me-
tre from the injection point, but the 14C level
is still below the detection limit.

We continued our research on the mobility of
the dissolved organic matter (humic acids) in
the interstitial clay water using labelled or-
ganic matter in the framework of an EC con-
tract (TRANCOM-CLAY project). Two labels were
tested for their stability in contact with Boom
Clay: the 125I label proved to be unstable,
whereas the experiments with the 14C one
showed a good stability.

Percolation experiments through clay cores
and a new large-scale in situ injection experi-
ment are being performed with 14C-labelled or-
ganic matter.

The pH and £h of the Boom Clay are measured
under real in situ physicochemical conditions:
clay water, at a hydraulic pressure of 11 bar, in
equilibrium with its inorganic carbon species
(CO2 equilibrium partial pressure). We mea-
sured an in situ pH value of 8.2.

As part of the study of the homogeneity of
the Boom Clay layer, the hydraulic conductivity
and migration parameters for tritiated water
and iodine were measured for clay cores sam-
pled over the whole thickness of the formation.

In the near field, we investigated the influence
of both temperature and radiation on the mi-
gration properties of the Boom Clay through
the results of an in situ migration experiment
with 241Am and 99Tc, in the surroundings of
the CERBERUS demonstration test. The influ-
ence of these parameters on the migration
properties appears to be negligible, confirming
previous direct measurements.

After the hydration phase of the backfill of
CERBERUS, we launched a detailed campaign

regarding the composition (mineralogy, geo-
chemistry) of clay cores taken from the back-
fill material and drilled from the host clay in
close contact with the canister wall. We also re-
trieved the waste glass and container material
samples embedded in the surroundings. Their
analysis is in progress.

The study of the gas generation caused by
anaerobic corrosion and the gas migration in
Boom Clay is in progress. Stainless steel 316L
shows almost no anaerobic corrosion in con-
tact with a Boom Clay slurry.

In co-operation with different European part-
ners, we developed and tested computer codes
for the hydromechanical and thermomechani-
cal behaviour of unsaturated clay-based back-
fill material; these codes were applied to the
results of support laboratory experiments and
large-scale in situ tests, one of which is the BAC-
CHUS 2 test, already running successfully for
four years.

After full hydration of the backfill, we mea-
sured the hydraulic and gas transport param-
eters and confirmed the homogeneity and the
tightness of the hydrated backfill.

We obtained within the CATSIUS CLAY project
the first simulations of the hydraulic pressure
and the stress evolution inside and around the
BACCHUS 2 test.

We also continued two previous actions:

• confirming the first indication of desatura-
tion recorded in clay around the PHEBUS test;
this will require some more months of ven-
tilation through the large filter element em-
bedded in clay;

• pursuing the long-term monitoring (water
pressure, displacement, and radial, axial,
and total stresses) around the underground
facility to control its stability and provide
long-term geotechnical measurements for
the modelling of the clay behaviour.

We developed a borehole-sealing test, as a
preliminary action within the large-scale seal-
ing experiment of the exploratory shaft in the
HADES infrastructure (Fig. 8). This test aims at
following the hydration process of two swelling

Figure 8

Experimental setup

during the mounting of

the clay blocks for the

borehole-sealing test.

H
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clay seals and at testing their water and gas
tightness after saturation. The experimental
setup, installed in a IS-metre-long borehole
with a diameter of 25 cm, includes the two fol-
lowing seals: one with FoCa clay (a French ben-
tonite) and one with Serrata clay (a Spanish
bentonite). We will finalize the design of the
shaft-sealing test on the basis of our results.
The design of the host-rock instrumentation,
including sensors for water pressure, ground
stress, and displacement, is finished; the con-
struction is in progress.

We performed a series of support laboratory
experiments to measure the hydromechanical
and gas flow parameters of the sealing materi-
als and of unsaturated Boom Clay. These pa-
rameters are used for design calculations and
blind predictions of the behaviour of the bore-
hole and shaft seals. The simulations show
the sensitive influence of the unsaturated hy-
draulic parameters and boundary conditions
on the saturation time.

Perspectives for 1998 With regard to mi-
gration, the electrokinetic method will be ap-
plied to sorbed species, but some other devel-
opments are awaited in the framework of new
R&D proposals on site remediation.

To study the exchange between mobile and im-
mobile organic matter, we will perform migra-
tion experiments with doubly labelled matter.

Underground infrastructure SCK-CEN

has constructed and operates a unique under-
ground research facility, called HADES, located
in the Boom Clay layer at a depth of 225 me-
tres. In this facility, it carries out in situ ex-
periments, studies the disturbances due to the
construction of infrastructures in clay, and op-
timizes the design and the construction of a fi-
nal repository. Indeed, the infrastructure must
be adapted to its geological environment and
plays an important role in the global perfor-
mance of the near field. It is therefore also
necessary

• to improve the knowledge about digging
large excavations in deep clay in order to
select the most appropriate techniques for
building a final repository and to get expe-
rienced in safely operating such facilities;

* • * *

N

% \

Figure 9 The PRACLAY mock-up before installation

of the cover flange.

• to provide infrastructure and technical as-
sistance to the experimenters, from the in-
stallation phase to the follow-up of any
demonstration or validation test.

Programme The daily and medium-term
operation of the underground research facil-
ity under safe conditions requires maintenance
and assistance works. Maintenance ensures
and improves the safety and stability of the fa-
cility and its technical equipment, whereas as-
sistance means support to experimenters for
drilling activities, access to the experimental
areas in representative conditions, and reliable
and traceable data acquisition.

The real-scale simulation of a disposal gallery
(PRACLAY experiment) follows the current con-
cept of a concrete-lined gallery with a cen-
tral stainless-steel tube containing the waste
forms. Bentonite-based backfill blocks fill the
gap between the central tube (diameter of
0.5 metre) and the lining (inner diameter of
2 metres). Whereas the actual disposal gal-
leries will be several hundred metres long,
the PRACLAY demonstration gallery will be re-
stricted to 30 metres. Electrical heaters will
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simulate the generation of heat by the waste
forms, since the experiment will not use active
ones. The construction of the PRACLAY gallery
requires that of a second shaft and of a gallery
connecting it to the current infrastructure.

We built a five-metre-long surface mock-up
having a cross-section similar to that of the dis-
posal gallery as far as central tube and backfill
are concerned (Fig. 9). A steel liner will keep the
backfill under pressure when the latter starts
to swell due to water uptake.

Achievements The activities of the support
team were mainly core sampling, drilling and
overcoring, preparation or installation of new
experiments, and follow-up of running ones.

We provided assistance to the EIG PRACLAY, in
charge of the extension of the underground fa-
cility, for such actions as denning the techni-
cal specifications for the construction of the
second shaft, analysing the corresponding ten-
ders, and, presently, following up the construc-
tion works. In November, after such prelimi-
nary works as the freezing of the water-bearing
sands down to a depth of 190 metres, the con-
tractor started to excavate the second shaft
(Fig. 10). This shaft and its equipment should
be put in operation in early 1999. We are now
providing similar assistance for drafting the
specifications for the excavation of the con-
necting gallery.
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Figure 11 Calculations of pore pressures in clay

during gallery excavation.

The monitoring and modelling related to the
excavation of the connecting gallery resulted
in the European project CLIPEX, with French and
Spanish partners, and co-ordinated by the EIG
PRACLAY. The project, started at the beginning
of 1997, will ran until the end of 1399.

First estimates of the displacements and stress
variations around the excavation (Fig. 11) al-
lowed us to draft the final specifications for the
instrumentation, such as the location and mea-
suring range of the proposed instruments and
sensors, of which some are already ordered
(stress, displacement). We devoted special at-
tention to the compatibility of the instrumen-
tation with the future excavation works.

Figure 10 Construction of the hoisting equipment

for shaft sinking.

In April 1997, we started to install the backfill
and the instrumentation of the mock-up, after
acceptance of the mock-up structure in January
and after final acceptance of the demonstra-
tion building. After installation of the cover
and installation and connection of the instru-
mentation racks, we flooded the mock-up at
the beginning of December. We expect a suf-
ficient hydration of the backfill by early 1998
to switch on the heating elements.

Perspectives for 1998 To optimize the plan-
ning and execution of drilling works, we will
purchase a new coring equipment at the begin-
ning of 1998.
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The excavation of the second shaft will extend
over the whole of 1998. In parallel, we will
finalize the specifications for the excavation
of the connecting gallery and of the PRACLAY
gallery, and analyse tenders.

The installation of the CLIPEX instrumentation
related to the connecting gallery will take place
in the first quarter of 1998, from the exist-
ing underground structure (test drift); this will
guarantee sufficient time for restoration of the
ground conditions around the measuring de-
vices before the start of the digging works,
scheduled for the second semester of 1999.
A characterization and monitoring programme
will be developed prior to this installation to
get more accurate data on some essential geo-
mechanical parameters. This programme and
the associated interpretation will enable us
to improve the current models on the hydro-
mechanical behaviour of the clay.

The heating of the PRACLAY surface mock-up
will most likely be launched during the first
quarter of 1998, depending on the evolution
of the current hydration phase of the backfill
material.
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Atomic Energy (CIAE) — Chalmers University of

Technology — Centro de Investigaciones Energeti-

cas, Medioambientales y Tecnologicas (CIEMAT) —

Centro Internacional de Metodos Numericos en

Ingenieria (CIMNE) — Clay Technology Lund AB — En-

ergieonderzoek Centrum Nederland (ECN) — Etudes-

recherches-materiaux (ERM) — Forschungszentrum

Karlsruhe (FZK) — University of Aberdeen — Groupe-
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stockage (G3S) — GEOCONTROL — Stockage souter-

rain (GEOSTOCK) — Gesellschaft fur Anlagen- und
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Materials and Measurements (IRMM) — Instituto

Sperimentale Modelli E Strutture (ISMES) — KEMA

Nuclear — Katholieke Universiteit Leuven (KUL) —

University of Loughborough — Universite de

Liege (ULg) — QuantiSci Ltd — Technical University

of Delft — Tractebel — Teollisuuden Voima Oy,

Development Office (TVO) — Universite catholique

de Louvain (UCL) — University of Coruna — Uni-

versite Libre de Bruxelles (ULB) — University of

Roma — University of Birmingham — University of

Exeter — Polytechnic University of Madrid (UPM) —

Polytechnic University of Catalufia (UPC) — Uni-

versite de Paris-Sud (UPS) — University of Wales,
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siteit Brussel (VUB) — Technical Research Centre of
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Sponsors European Commission (EC) — Electricite

de France (EdF)

Customers Nationale Instelling voor Radioactief
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gestion des dechets radioactifs (ANDRA) — Empresa
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82 Radioactive Waste and Cleanup



Book published in 1997

P. VAN ISEGHEM, "Characterization of Radioactive

Waste Forms and Packages," Technical Reports Series

383 (IAEA, 1997, 138 pages).

Publications in 1997

D. DE BRUYN, L. VAN CAUTEREN, "De tweede schacht

te Mol: Een eerste stap in de verdere uitbreiding

van een ondergronds onderzoekslaboratorium,"

Geotechniek l:n/4, 10-12 (1997).

J. MARIVOET, I. WEMAERE, P. ESCALIER DES ORRES,

P. BAUDOIN, C. CERTES, A. LEVASSOR, J. PRIJ,

K.H. MARTENS, K. RÖHLIG, "The EVEREST Project:

Sensitivity Analysis of Geological Disposal Systems,"

Reliability Engineering and System Safety 57, 79-90

(1997).

H. MOORS, N. MAES, A. DIERCKX, P. DE CANNIÈRE,

M. PUT, "Determination of the Apparent Molecular

Diffusion Coefficient of Ionic Species in Water Satu-

rated Porous Media by Electrokinetic Amplification,"

Handbook of preprints of papers for the third Eu-

ropean Engineering Geology conf, "Geo-Engineering

of Hazardous and Radioactive Waste Disposal",

355-368 (1997).

P. VAN ISEGHEM, M. AERTSENS, S. BODEN, K. LEMMENS,

Ph. LOLIVIER, V. PlRLET, A. SNEYERS, E. VALORE,

"Determining Long-Term Stability of Radwaste upon

Disposal in Clay," Nuclear Europe Worldscan 3-4, 56

(1997).

Presentations delivered in 1997

M. AERTSENS, P. VAN ISEGHEM, "Molecular Modeling

of Glass Dissolution," Fundamentals of Glass Science

and Technology: Vaxjo, Sweden, June 9-12, 1997.

Proc, 444-449.

F. BERNIER, "Excavations in the Boom Clay Formation:

Performance of Construction Methods," The Boom

Clay Seminar: Bilzen, Belgium, December 8-9, 1997.

BLG-758, 51-61.

F. BERNIER, F.-X. HOLVOET, J. VERSTRICHT, G. VOL-

CKAERT, "Area Where Parallel Non-Saturated Hydro-

Mechanical Codes Can Be Used in the Frame of

High-Level Waste Repository in Boom Clay," Work-

shop on Tests and Applications of Computing Codes

on Geoenvironmental and Civil Engineering Prob-

lems: Budapest, Hungary, September 25-26, 1997.

Proc, 1-15.

F. BERNIER, V. LABIOUSE, "Performance of Gallery

Construction Methods for the Disposal of High Level

Waste," Topical day on Feasibility and Acceptability of

Nuclear Waste Disposal in the Boom Clay Formation:

SCK-CEN, Mol, Belgium, Jan. 29, 1997. BI.G-726, 7-14.

F. BERNIER, G. VOLCKAERT, "BACCHUS 2: A Valida-

tion Experiment for Hydromechanical Models for

Unsaturated Soils," Workshop on Environmental

Geotechnics—Design Parameters for Computing

Applications: Warsaw, Poland, March 6-7, 1997.

Proc, 23-46.

P. BORGERMANS, "The Use of Optical Fibre Sensors

in the Geological Disposal of Waste," Topical day

on Feasibility and Acceptability of Nuclear Waste

Disposal in the Boom Clay Formation: SCK-CEN, Mol,

Belgium, January 29, 1997. BLG-726, 77-85.

D. DE BRUYN, L. VAN CAUTEREN, "Thermo-Hydro-

Mechanical Strength of Saturated Boom Clay:

Lessons Learned from the '90 Studies," The Boom

Clay Seminar: Bilzen, Belgium, December 8-9, 1997.

BLG-758, 77-80.

D. DE BRUYN, J. VERSTRICHT, "The Design of the

PRACLAY Experiment and the Behaviour af Boom Clay

at Elevated Temperature," Topical day cm Feasibility

and Acceptability of Nuclear Waste Disposal in

the Boom Clay Formation: SCK-CEN, Mol, Belgium,

January 29, 1997. BLG-726, 27-33.

P. DE CANNIÈRE, H. MOORS, A. DIERCKX, F. GASIAUX,

M. AERTSENS, M. PUT, P. VAN ISEGHEM, "Diffusion

and Sorption of 32 Si-Labelled Silica in the Boom

Clay," Sixth int. conf. on the Chemistry and Migration

Behavior of Actinides and Fission Products in the

Geosphere (MIGRATION'97): Sendai, Japan, October

26-31, 1997.

A. DIERCKX, P. DE CANNIÈRE, M. AERTSENS, "Organic

Matter and Migration (TRANCOM-CLAY project)," The

Boom Clay Seminar: Bilzen, Belgium, December 8-9,

1997. BLG-758, 33-41.

A. DIERCKX, P. DE CANNIÈRE, P. WARWICK, A. HALL,

M. J. PUT, "Stability of 125I and 14C-Labelled Boom Clay

Organic Matter," Sixth int. conf. on the Chemistry

and Migration Behavior of Actinides and Fission

Products in the Geosphere (MIGRATION'S 7): Sendai,

Japan, October 26-31, 1997.

A. DIERCKX, H. MOORS, P. DE CANNIÈRE, N. MAES,

M. PUT, "Migration of Radionuclides," Topical day

on Feasibility and Acceptability of Nuclear Waste

Disposal in the Boom Clay Formation: SCK> CEN, Mol,

Belgium, January 29, 1997. BLG-726, 65-75.

Waste Disposal 83



F. DRUYTS, B. KURSTEN, P. VAN ISEGHEM, "Electro-

chemical Study of the Pitting Corrosion of Stainless

Steel Candidate Overpack Materials for the Disposal

of High-Level Radioactive Waste in Boom Clay," Sixth

int. symp. on Electrochemical Methods in Corrosion

Research (EMCR'97): Trento, Italy, August 25-29,

1997.

V. LABIOUSE, "Hydro-Mechanical Behaviour of

Unsaturated Soil: Parameter Selection for an

Elasto-Plastic Model," Workshop on Environmental

Geotechnics—Design Parameters for Computing

Applications: Warsaw, Poland, March 6-7, 1997.

Proc, 76-90.

V. LABIOUSE, "Numerical and Analytical Modelling

of a New Gallery in the Boom Clay Formation," Sixth

int. symp. on Numerical Models in Geomechanics

(NUMOG VI): Montreal, Quebec, Canada, July 2-4,

1997. Proc, 489-494.

V. LABIOUSE, F. BERNIER, "Hydro-Mechanical Dis-

turbances around Excavations," Topical day on

Feasibility and Acceptability of Nuclear Waste Dis-

posal in the Boom Clay Formation: SCK-CEN, Mol,

Belgium, January 29, 1997. BLG-726, 15-26.

V. LABIOUSE, C. GREGOIRE, "Predicted and Observed

Build-Up of Water Pressure Following the Installation

of Piezometers in a Deep Clay Formation," Ninth int.

conf. on Int. Association for Computer Methods and

Advances in Geomechanics (IACMAG): Wohan, China,

November 2-7, 1997.

Ph. LOLIVIER, K. LEMMENS, P. VAN ISEGHEM, "GeO-

chemical Modelling of the Interaction of HLW Glass

with Boom Clay Media," XXIth Scientific Basis for

Nuclear Waste Management: Davos, Switzerland,

September 29-October 2, 1997.

N. MAES, H. MOORS, P. DE CANNIERE, M. AERTSENS,

M. PUT, "Determination of the Apparent Molecular

Diffusion Coefficient of Ionic Species in Boom Clay

by Electromigration: A Feasibility Study," Sixth int.

conf. on the Chemistry and Migration Behavior of

Actinides and Fission Products in the Geosphere

(MIGRATTON'97): Sendai, Japan, October 26-31, 1997.

J. MARIVOET, "Uncertainty and Sensitivity Approach

Used in the SPA Project," EC cluster meeting on Safety

Evaluation of Spent Fuel Disposal: Brussels, Belgium,

November 13, 1997.

B. NEERDAEL, G. VOLCKAERT, A. SNEYERS, "Past and

Current R&D Program for Waste Disposal in Belgium,"

Waste Management'97 HLW, LLW, Mixed Wastes and

Environmental Restoration—Working towards a

Cleaner Environment: Tucson, Arizona, USA, March

2-6, 1997.

L. ORTIZ, F.-X. HOLVOET, "Gas Generation by

Anaerobic Corrosion in Clay," PEGASUS Progress

meeting: Mol, Belgium, May 27-28, 1997.

L. ORTIZ, G. VOLCKAERT, "Multiphase Flow in the

Boom Clay Layer," Topical day on Feasibility and

Acceptability of Nuclear Waste Disposal in the Boom

Clay Formation: SCK-CEN, Mol, Belgium, January 29,

1997. BLG-726, 35-42.

L. ORTIZ, G. VOLCKAERT, "Gas Migration in Clay

under Isotropic Stress Conditions," PEGASUS Progress

meeting: Mol, Belgium, May 27-28, 1997.

L. ORTIZ, G. VOLCKAERT, M. IMPEY, S. EINCHCOMB,

"A Phenomenologic Study of Multiphase Fluid Flow

through Water Saturated Boom Clay," Conf. on

Experimental Heat Transfer, Fluid Mechanics, and

Thermodynamics 1997: Brussels, Belgium, June 2-6,

1997. Proc., 4, 2407-2413.

V. PIRLET, P. VAN ISEGHEM, A. DIERCKX, J.-F. DESREUX,

"The Investigation of the Neptunium Complexes

Formed upon Interaction of High-Level Waste Glass

and Boom Clay Media," Actmides'97: Baden-Baden,

Germany, September 1997.

M. PUT, A. DIERCKX, M. AERTSENS, P. DE CANNIERE,

"Mobility of the Dissolved Organic Matter through

Intact Boom Clay Cores," Sixth int. conf. on the

Chemistry and Migration Behavior of Actinides and

Fission Products in the Geosphere (MIGRATION'97):

Sendai, Japan, October 26-31, 1997.

M. PUT, J. MARIVOET, G. VOLCKAERT, B. NEERDAEL,

"How Performance Assessment of a Geological

Waste Disposal in Clay Has Contributed to Fo-

cus the Radionuclide Migration Research," Waste

Management'97 HLW, LLW, Mixed Wastes and Envi-

ronmental Restoration—Working towards a Cleaner

Environment: Tucson, Arizona, USA, March 2-6, 1997.

R.L SCHULTZ, D.E. CLARK, G.G. WICKS, A.R. LOD-

DING, P. VAN ISEGHEM, "Characterization of Savannah

River Glasses Buried in Boom Clay: The HADES Tests

at Mol, Belgium," Int. symp. on Waste Management

Technologies in Ceramic and Nuclear Industries:

Cincinnati, Ohio, USA, May 4-7, 1997.

A. SNEYERS, P. VAN ISEGHEM, "The Leaching Behaviour

of Bituminized Radioactive Waste in the Geological

Disposal Conditions of the Boom Clay Formation,"

xxith Scientific Basis for Nuclear Waste Management:

Davos, Switzerland, September 29-October 2, 1997.

84 Radioactive Waste and Cleanup



P. VAN ISEGHEM, R. CARCHON, P. DE REGGE, "SCK- CEN

as a Waste Characterization Laboratory," RADWAP'97:

Wurzburg, Germany, June 23-26, 1997.

P. VAN ISEGHEM, B. KURSTEN, K. LEMMENS, A. SNEYERS,

"R&D on the Long-Term Stability of Waste Packages,"

Topical day on Feasibility and Acceptability of

Nuclear Waste Disposal in the Boom Clay Formation:

SCK«CEN, Mol, Belgium, January 29, 1997. BLG-726,

55-65.

P. VAN ISEGHEM, E. VALCKE, N. GODON, N. JOCK-

WER, "CORALUS: An Integrated In Situ Corrosion

Test on a-Active Glass," XXIth Scientific Basis for

Nuclear Waste Management: Davos, Switzerland,

September 29-October 2, 1997.

G. VOLCKAERT, F.-X. HOLVOET, A. GENS, J. VAUNAT,

Th. LASSABATERE, Ch. IMBERT, M. VlLLAR, E. MOUCHE,

A. GENTY, C. LEPOTIER, F. CANY, A. MILLARD, "RESEAL,

a Large-Scale Demonstration Test for REpository

SEALing in an Argillaceous Host Rock," Cluster

underground research laboratories, EC seminar on In

Situ Testing in Underground Research Laboratories

for Radioactive Waste Disposal: Bilzen, Belgium,

December 10-11, 1997. EUR 18323 EN, 39-57.

G. VOLCKAERT, J. MARIVOET, I. WEMAERE, "Perfor-

mance Assessment of a Geological Radioactive Waste

Repository in a Clay Layer," Topical day on Feasibility

and Acceptability of Nuclear Waste Disposal in

the Boom Clay Formation: SCK- CEN, Mol, Belgium,

January 29, 1997. BLG-726, 43-55.

G. VOLCKAERT, L. ORTIZ, F.-X. HOLVOET, "Gas

Migration through Clay-Based Backfill and Sealing

Materials and Related In Situ Tests," PEGASUS progress

meeting: Mol, Belgium, May 27-28, 1997.

G. VOLCKAERT, J. WALRAVENS, "Performance

Assessment of the Belgian Concept for the Shallow

Land Burial of Low-Level Radioactive Waste," INMM,

Low-Level Radioactive Waste technical seminar:

Cordoba, Spain, October 8-10, 1997.

W. WACQUIER, P. VAN ISEGHEM, "Characterization

of Cemented Evaporator Concentrates," RADWAP'97:

Wurzburg, Germany, June 23-26, 1997.

L. WANG, P. DE CANNIERE, Ph. LOLIVIER, W. ZHOU,

"Interaction of Radionuclides with Boom Clay

Components: Towards a Mechanistic Model," Topical

day on Feasibility and Acceptability of Nuclear Waste

Disposal in the Boom Clay Formation: SCK- CEN, Mol,

Belgium, January 29, 1997. BLG-726, 77-85.

L. WANG, P. DE CANNIERE, A. MAES, R. GENS, "Sorption

of Europium onto Illite: Mechanistic Interpretations,"

NEA int. meeting on Chemical Modeling of Sorption in

the Field of Radioactive Waste Management: Oxford,

United Kingdom, May 6-8, 1997.

L. WANG, A. MAES, P. DE CANNIERE, J. VANDERLEE,

"Sorption of Europium on Illite," Sixth int. conf. on the

Chemistry and Migration Behavior of Actinides and

Fission Products in the Geosphere (MIGISATION'97):

Sendai, Japan, October 26-31, 1997.

J. WEI, P. VAN ISEGHEM, L. WANG, "The Adsorption

of Humic Acids and Europium-Humate Colloids

onto Repository Components: Boom Clay, Bentonite

and Fe2O3," xxith Scientific Basis for Nuclear Waste

Management: Davos, Switzerland, September 29 -

October 2, 1997.

I. WEMAERE, J. MARIVOET, "Role de l'hydrogeologie re-

gionale dans un systeme d'enfouissement geologique

de dechets radioactifs, en l'occurrence, l'Argile de

Boom," Colloquium CBGI: Leuven, Belgium, November

18-20, 1997.

I. WEMAERE, J. MARIVOET, "Can We Extrapolate

Hydraulic Parameters of the Boom Clay from the

Local to the Regional Scale," The Boom ("lay Seminar:

Bilzen, Belgium, December 8-9,1997. BLG-758,15-26.

I. WEMAERE, J. MARIVOET, H. PITSCH, C. BEAUCAIRE,

C. MARLIN, J.L. MICHELOT, A. C. PHILIPPOT, M. HAS-

SANIZADEH, F. VAN WEERT, "The PHYMOL Project," NEA

workshop on Use of Hydrogeochemical Information

Testing Groundwater Flow: Borgholm, Sweden,

September 1-3, 1997.

Lectures taught in 1997

M. AERTSENS, "Modelling of Glass Dissolution with a

Monte Carlo Method," Summer University on Glass:

Mejannes-le-Clap, France, September 1-6, 1997.

P. VAN ISEGHEM, "In Situ Corrosion Tests on HLW Glass

as Part of a Larger Approach," Summer University

on Glass: Mejannes-le-Clap, France, September 1-6,

1997.

Theses published in 1997

L. CALLEWAERT, "Etude du comportement thermo-

hydro-mecanique d'un echantillon d'argile de

Boom: Ameliorations technologiques de la mesure

de pression interstitielle," final-year the:sis, Civil

Engineering (Universite catholique de Louvain,

Louvain-la-Neuve), May 1997.

Waste Disposal 85



S. CAPEAD, V. CORTHOUTS, K. DE TURCK, P. LAMMAR,

R. RAMDAS, "Radloactief afval: Een technisch

en maatschappelijk probleem," final-year thesis,

complementary diploma in Environmental Studies

(Universitaire Instelling Antwerpen), 1997.

N. CHARUE, C. ZECH, "Comportement à long terme

de l'argile de Boom sous sollicitations thermiques et

mécaniques: approche expérimentale et numérique,"

final-year thesis, Civil Engineering (Université

catholique de Louvain, Louvain-la-Neuve), June 1997.

B. DEREEPER, "Développement de la maquette

PRACLAY: test préliminaire de démonstration

d'enfouissement des déchets radioactifs dans

l'argile," final-year project, Industrial Engineering

(Institut Supérieur Industriel de Bruxelles), 1997.

J. DOUWEN, T. FIERENS, "Elektromagnetische

meetmethodes ter bepaling van het vochtgehalte

in kleiformaties," final-year project, Industrial

Engineering (Katholieke Hogeschool Kempen, Geel),

1997.

G. MAES, W. STERCKX, "Instrumentatie en data-

acquisitie van de PRACLAY-maquette," final-year

project, Electromechanics (Katholieke Hogeschool

Kempen, Geel), 1997.

W. VERDICKT, "De interactie van europium en

uranium met Boomse Klei onder in situ omstandighe-

den," final-year thesis, Chemical Bioengineering

(Katholieke Universiteit Leuven), July 1997.

Reports published in 1997

F. BERNIER, V. LABIOUSE, J. VERSTRICHT, "Geotech-

nical Modelling and Instrumentation Programme of

the Connecting Gallery," contract OPD.PR 4 with EIG

PRACLAY, topical report (1997). R-3150.

C. CERTES, P. ESCALIER DES ORRES, P. GOBLET,

A. LEVASSOR, J. MARIVOET, "EVEREST, Vol. 2b: Clay

Formation, Site in France and Common Conclusions

on Clay" (1997). EC, Luxembourg, EUR 17449/2b EN.

A. DIERCKX, "Boom Clay In Situ Pore Water Chemistry"

(1997). BLG-734.

A. DIERCKX, M. PUT, P. DE CANNIÈRE, H. MOORS,

M. VAN GOMPEL, L. VAN RAVESTYN, L. WANG,

A. MAES, P. WARWICK, A. HALL, S. STEPHENS,

V. PASHLEY, J. THOLEY, J. VANDERLEE, "Transport

of Radionuclides due to Complexation with Organic

Matter in Clay Formations (TRANCOM-CLAY project),"

EC contract FI4W-CT95-0013, progress report, January

1997-June 1997 (1997). R-3181.

P. ESCALIER DES ORRES, J. MARIVOET, K. H. MARTENS,

J. PRIJ, N. CADELLI, "Sensitivity Analysis in Per-

formance Assessment of Geological Systems: The

EVEREST Project," Proc. of the fourth conf. of the EC on

the Management and Disposal of Radioactive Waste,

Luxembourg, Grand Duchy of Luxembourg, March

25-29, 1996 (1997). EUR 17543 EN, 663-680.

J. M. GOMIT, J. MARIVOET, P. RAIMBAULT, F. RECREO,

"EVEREST, Vol. 1: Common Aspects of the Study"

(1997). EC, Luxembourg, EUR 17449/1 EN.

B. KURSTEN, B. CORNÉLIS, S. LABAT, P. VAN ISEGHEM,

"Completion of the Corrosion Programme in Boom

Clay: In Situ Experiments" (1997). EUR 17105 EN.

A.K. LITTLEBOY, A.J. HOOPER, J.Y. BOISSON, P. DE

CANNIÈRE, L. Y. GRIFFAULT, F. PLAS, J. M. PALUT, "Site

Characterisation: Methods and Approaches," Proc.

of the fourth conf. of the EC on the Management and

Disposal of Radioactive Waste, Luxembourg, Grand

Duchy of Luxembourg, March 25-29, 1996 (1997).

EUR 17543 EN, 387-401.

N. MAES, H. MOORS, P. DE CANNIÈRE, M. AERTSENS,

M. PUT, "Determination of the Diffusion Coefficient

of Ionic Species in Boom Clay by Electromigration:

First Evaluation" (1997). BLG-736.

T. MANAI, G. VOLCKAERT, S. T. HORSEMAN, M. GHOR-

EYCHI, "Gas Migration through Geological Media,"

Proc. of the fourth conf. of the EC on the Management

and Disposal of Radioactive Waste, Luxembourg,

Grand Duchy of Luxembourg, March 25-29, 1996

(1997). EUR 17543 EN, 456-468.

J. MARIVOET, R. BEAUFAYS, J. WALRAVENS, I. WE-

MAERE, Y. MEYUS, G. VOLCKAERT, "Geological

Disposal of Conditioned High-Level and Long-Lived

Radioactive Waste: Hydrogeological Modelling and

Long-Term Performance Studies," NIRAS/ONDRAF

contract CCHO-95-268/9094610 tasks 3.2, 6.1, and 6.2,

progress report, July - December 1996, Vol. 2 (July

1997). R-3139.

J. MARIVOET, G. VOLCKAERT, D. BUHMANN, R. STORCK,

T. VIENO, H. NORDMAN, "Performance Assessment

of the Geological Disposal of Spent Fuel," Proc. of

the fourth conf. of the EC on the Management and

Disposal of Radioactive Waste, Luxembourg, Grand

Duchy of Luxembourg, March 25-29, 1996 (1997).

EUR 17543 EN, 647-662.

J. MARIVOET, G. VOLCKAERT, J. WALRAVENS,

I. WEMAERE, R. BEAUFAYS, "Geological Disposal of

Conditioned High-Level and Long-Lived Radioactive

Waste: Hydrogeological Modelling and Long-Term

86 Radioactive Waste and Cleanup



Performance Studies," NIRAS/ONDRAF contract CCHO-

95-268/9094610 tasks 3.2, 6.1, and 6.2, progress

report, January-June 1996, Vol. 3 (February 1997).

R-3135.

J. MARIVOET, G. VOLCKAERT, I. WEMAERE, J. WIBIN,

"EVEREST, Vol. 2 a: Clay Formation, Site in Belgium"

(1997). EC, Luxembourg, EUR l7449/2a EN.

B. NEERDAEL, J. SCHNEEFUSS, "Backfilling Aspects

in Underground Repositories," Proc. of the fourth

conf. of the EC on the Management and Disposal of

Radioactive Waste, Luxembourg, Grand Duchy of Lux-

embourg, March 25-29, 1996 (1997). EUR 17543 EN,

326-340.

L. NOYNAERT, G. VOLCKAERT, P. DE CANNIERE,

P. MEYNENDONCKX, S. LABAT, R. BEAUFAYS, M. PUT,

M. AERTSENS, A. FONTEYNE, F. VANDERVOORT,

L. WANG, "The CERBERUS Project: A Demonstration

Test to Study the Near-Field Effects of a HLW-Canister

in an Argillaceous Formation," EC contract FI2W-CT90-

0003B, final report, July 1990-December 1996 (1997).

R-3166.

R. ODOJ, P. FILSS, G. GASPARY, J. KUHNE, R. MANDOKI,

M. BRUGGEMAN, P. VAN ISEGHEM, "Determination of

Fissile Material by Neutron Transport Interrogation,"

final report (1997). EUR 17S60 EN.

L. ORTIZ, "Etudes de performance a long terme.

Analyse des donnees hydrauliques dans la zone

perturbee autour du laboratoire souterrain HADES,"

NIRAS/ONDRAF contract CCHO-95/268, KNT9094 610,

Annex 6, task 6.1 (1997). R-3162.

L. ORTIZ, G. VOLCKAERT, P. DE CANNIERE, M. PUT,

A. SEN, S.T. HORSEMAN, J.F. HARRINGTON, M. IMPEY,

S. EINCHCOMB, "MEGAS: Modelling and Experiments

on Gas Migration in Repository Host Rocks," final

report, phase 2 (1997). EUR 17453 EN.

M. PUT, ed., "Geological Disposal of Conditioned

High-Level and Long-Lived Radioactive Waste. Tasks

1.2 to 5.2 and Operation and Maintenance of the URF,"

NIRAS/ONDRAF contract CCHO-95/268, KNT90 94 610,

progress report, July - December 1996, Vol. 2 (of 2)

(1997). R-3139.

M.J. PUT, P. DE PRETER, "Laboratory and In Situ

Migration Experiments in Boom Clay," Proc. of the

fourth conf. of the EC on the Management and

Disposal of Radioactive Waste, Luxembourg, Grand

Duchy of Luxembourg, March 25-29, 1996 (1997).

EUR 17543 EN, 473-485.

M. PUT, G. VOLCKAERT, F.-X. HOLVOET, L. ORTIZ,

F. BERNIER, J. M. PALUT, M. DARDAINE, T. LASS-

ABATERE, E. MOUCHE, A. GENTY, F. HUERTAS, A. GENS,

J. VAUNAT, M. VILLAR, P. LUIS MARTIN, P. RIVAS,

"RESEAL, a Large-Scale Demonstration Test for REpos-

itory SEALing in an Argillaceous Host Rock," third

progress report, May-October 1997 (1997). R-3216.

M. PUT, G. VOLCKAERT, L. ORTIZ, F. BERNIER,

F.-X. HOLVOET, J. M. PALUT, M. DARDAINE, Th. LASS-

ABATERE, E. MOUCHE, A. GENTY, F. HUERTAS, A. GENS,

J. VAUNAT, M. VILLAR, P. Luis MARTIN, P. RIVAS,

"RESEAL, a Large-Scale Demonstration Test for REpos-

itory SEALing in an Argillaceous Host Rock," first

annual report, May 1996-April 1997 (1997). R-3200.

H.R. THOMAS, A. GENS, G. VOLCKAERT, M.V. VILAR,

Ch. IMBERT, "Testing and Modelling the Behaviour

of Unsaturated Argillaceous Backfill and Sealing

Materials," Proc. of the fourth conf. of the EC on

the Management and Disposal of Radioactive Waste,

Luxembourg, Grand Duchy of Luxembourg, March

25-29, 1996 (1997). EUR 17543 EN, 354-368.

P. VAN ISEGHEM, G. BRUNEL, Ch. LIERSE, A. MORALES,

R. ODOJ, F. TROIANI, M. HUGON, "European Network

of Testing Facilities of Radioactive Waste Packages,"

annual report 1995 (1997). EUR 17559 EN.

J. VERSTRICHT, F. BERNIER, "Thermal Modelling of the

Mock-Up," contract OPD.PR 2 with EIG PRACLAY, topical

report (1997). R-3124.

W. WACQUIER, E. HOSKENS, L. SANNEN, A. DANIELS,

D. HUYS, P. VAN ISEGHEM, "Leaching Behaviour of

Radionuclides from Homogeneous Cemented PWR

Waste," final report for 1992-1996 (1997). R-3196.

Waste Disposal 87


