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Abstract

SCK-CEN has been conducting in situ experimental programmes on candidate high-level waste (HLW) glasses, as
part of a global approach to evaluate the long-term chemical durability of the HLW glasses. The in situ tests are
conducted in the underground research facility high activity disposal experimental site (HADES), located in the Boom
Clay at 223 m below the SCK-CEN site. We briefly present the test concepts for three in situ tests: a first type of
corrosion test, tests as part of the Control Experiment with Radiation of the BElgian Repository for Underground
Storage (CERBERUYS) test (involving y-radiation sources), and the CORrosion of Active glass in Underground
Storage condition (CORALUS) test, that involves both y-sources and glass samples doped with a-radionuclides (Np,
Pu, Am). The glasses are corroded slightly less compared with the first in situ tests (where no y-radiation was present).
By using mass loss data and an extensive analysis of the reaction layer formed on top of the glasses, we managed to
identify the main interaction processes: matrix dissolution and selective leaching. The four glasses studied reveal sig-
nificant differences in dissolution behaviour. We further discuss the status of the CORALUS in situ corrosion test,
which is in its first phase. An inactive CORALUS tube has been prepared and is presently in operation. © 2001

Elsevier Science B.V. All rights reserved.

1. Introduction

Belgium is conducting research and development to
investigate and demonstrate the safe disposal of condi-
tioned long-lived, medium-level and high-level radioac-
tive waste in the Boom Clay formation underneath the
SCK-CEN site. The studies involve performance as-
sessment calculations and laboratory studies on the near
and far field phenomena, and on the behaviour of waste
packages. In complement to this, in situ experiments are
being conducted in the underground research facility
high activity disposal experimental site (HADES), con-
structed at a depth of 223 m in the Boom Clay forma-
tion, as a means to confirm the applicability of the data
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from the laboratory tests and of the predictions by the
modelling studies. An overview of the various types of in
situ tests is given in [1].

This paper focuses on the in situ test programme on
vitrified high-level waste (HLW). We will review the
different types of in situ tests carried out on HLW
glasses, and see how their concept evolved since the early
operation of the underground laboratory until now.
This paper presents an update of an earlier paper [2].

The in situ tests on HLW glasses constitute an
important but not the only approach in studying the
long-term interaction between HLW glasses and the
geological disposal environment. We also conduct labo-
ratory tests which conclude about the basic interaction
mechanisms and the release processes for specific radio-
nuclides of interest. These experimental programmes are
complemented with geochemical modelling to explain or
predict the effect of e.g., secondary phase formation on
the glass dissolution. Mathematical modelling needs to
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provide means to extrapolate the glass dissolution over
long periods of time. In situ testing is expected to provide
a confirmation in the real environment of the applica-
bility of the data obtained in the laboratory, and by
doing so to enhance the confidence in the geological
disposal concept.

2. Description of the in situ tests on HLW glasses

Three types of in situ corrosion tests have been de-
signed, bringing the glass samples in direct contact with
Boom Clay. Emphasis has been on this interaction be-
cause this is the ultimate environment that the HLW
glass will contact upon degradation, and also because we
know it to be the most agressive clay medium for glass
degradation [3]. The first in situ test was conceived in
1983, the second one (Control Experiment with Radia-
tion of the BElgian Repository for Underground Stor-
age (CERBERUS)) in 1988, and the third one
(CORrosion of Active glLass in Underground Storage
condition (CORALUS)) in 1997. Full descriptions of the
test concepts and exploitation for the first two tests are
given in [4-6]. The concept of the third test is given in [7].
A design of the CERBERUS and CORALUS in situ
tests is shown in Fig. 1.

The first type of in situ test involved the direct ex-
posure of HLW glass samples to Boom Clay at a spec-
ified temperature and time. This was done by ‘simply’
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loading glass samples on large steel tubes which were
inserted in the Boom Clay surrounding the underground
laboratory, and heating the tubes via internal heating
elements. The duration of contact between the glass
samples and the clay was monitored, and the tubes were
retrieved via overcoring after the fixed duration. We
performed tests at 16°C, 90°C and 170°C, for four du-
rations in total (2-7.5 yr). A special feature was that a
few glass samples were added which were doped with
134Cs, °Sr and 2*°Pu, and that we succeeded to recover
some solution from the Boom Clay environment via
centrifugation/filtration, which could be used for anal-
ysis.

The second type of in situ test added the parameter of
a y-radiation field (CERBERUS). This in situ test was
meant to study the effects on the near field in an argil-
laceous environment of a Cogema HLW canister after
50-years cooling time. ®Co sources and a heating system
generated the conditions in which the Boom Clay was
studied. We took the opportunity to place non-radio-
active HLW glass samples in the vicinity of the ®Co
sources, so that the glasses interacted with the natural
Boom Clay in the presence of the y-radiation field. The
glass samples were exposed to the Boom Clay for 5 years
at a temperature between 80°C and 85°C.

The third in situ test is called CORALUS, and has
entered its experimental phase. The CORALUS test
adds to the CERBERUS test a-activity in the glass
samples (about 0.85 wt% of *'NpO,, 2$242Pu0, or
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Fig. 1. Design of the CERBERUS (left) and CORALUS (right) in situ tests.
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241 Am,0;), the presence of different reacting environ-
ments (two candidate backfills and Boom Clay), and the
monitoring of the gas generated close to the radiation
sources. The y-doses to which the glass samples will be
submitted are roughly the same as during the CERBE-
RUS test. The dose rate at the interface glass — clay will
range from 240 to 130 Gy/h during a four-year duration
of the CORALUS test. This corresponds to the dose rate
at the outside of the Cogema glass canister after ap-
proximately 100-years cooling time. This project is car-
ried out in co-operation with CEA Valrho (preparation
of the doped SONG68 glass) and GRS Braunschweig
(monitoring of the gas formation and laboratory inves-
tigation of the gas production in the backfill materials).
Most of these in situ tests were or will be performed
at 90°C (or slightly below in case of CERBERUS). This
is in fact an accidental situation that refers to the initial
period after disposal, i.e., supposing the container would
fail. HLW glass is poured into a stainless steel cannister,
and an additional metallic container would provide
isolation during the thermal phase of the HLW glass.
Other in situ corrosion tests refer to more realistic
conditions of temperature. In the first in situ test we had
one tube operated at ambient temperature at 220 m
depth (16°C). In the new CORALUS test we include a
test at 30°C, without y-radiation field. Both situations
correspond with long-time situations. 30°C is the tem-
perature at the interface between the HLW package and
the near field after failure of the container after some 500
years (according to the normal evolution scenario). One
should of course be aware that it is quite impossible to
elaborate a large experimental matrix (different tem-
peratures, various durations) in our in situ tests.
Whereas as much as nine different reference HLW
glasses, one reference HLW glass-ceramic and four ref-
erence silicate glasses for a-waste immobilization were
investigated in the first in situ test [4], the number of
different glass compositions was reduced to four in the
CERBERUS test (i.e., the borosilicate glasses R7T7
SON68 and PAMELA SMS513 and SM527, and the
silicate glass WG124 [8]. The chemical compositions are
listed in Table 1. All HLW glass samples studied here

were reference glass samples prepared in laboratory
conditions. In the CORALUS test we consider only the
R7T7 SON68 glass, which is the main HLW glass for
Belgium. Other materials had been loaded on the cor-
rosion tubes as well. Bitumen and cement waste form
samples and metallic container samples (various carbon
steels, stainless steels, Ni- and Ti-alloys) were present on
the first and second type in situ test [4,5].

The chemical degradation of the glass samples was
evaluated by their mass loss measurement, and with an
extensive surface analysis programme. We used electron
microscopy and secondary ion mass spectroscopy
(SIMS) profiling. This had to compensate the lack of
solution data — it was not realistic to obtain data for
glass matrix elements release into the interstitial solu-
tion, if any solution could even be taken. Based on our
present experience we will attempt to analyse radionu-
clide releases into the interstitial solution in the COR-
ALUS test, and we will determine the migration profiles
for the radionuclides.

3. Glass corrosion in the CERBERUS in situ test

The mean values of the mass losses of the glasses are
plotted together with those from the previous in situ
corrosion tests [4,5] in Fig. 2. The mass losses were re-
corded after cleaning the glass samples with a water
spray. This way sorbed clay and other loose deposits or
reaction layers are removed. We summarize the results
from electron microscopic analysis in Table 2. The cross-
section of one sample of each glass (four samples per
glass composition were inserted in the CERBERUS test)
was analysed by X-ray mapping, and the outer surface
of another part of this sample was analysed by scanning
electron analysis coupled with electron diffraction anal-
ysis (SEM-EDS). Some observations by SEM are shown
in Fig. 3. A third fraction of the sample used for electron
microscopic analysis was submitted to SIMS profiling.
Because some of the reaction layers were several hun-
dreds of pm thick (see Table 2), it was difficult to per-
form SIMS profiling in the standard way [9] i.e., by

Table 1
Main constituents of the glasses investigated in the CERBERUS in situ test (in wt%)
SONG68 SM513 SM527 WG124

SiO, 45.48 52.15 38.75 60.7
B,0; 14.02 13.08 21.70 0
Na,0 + Li,O 11.84 13.23 11.74 3.6
AL O, 491 3.59 19.96 2.9
CaO +MgO 4.04 6.59 4.01 7.0
TiO, 0 4.54 1.55 1.1
Fe,04 291 1.67 0.7 12.5
Fission product oxides 13.38 4.46 1.58 Not relevant
Balance 3.42 0.69 0.01 12.4
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Fig. 2. Mass losses for the different waste glasses after inter-
action with Boom Clay during the first in situ test (no y-radi-
ation) and the CERBERUS in situ test.

head-on sputtering through the reaction layers from the
surface to bulk glass. For relatively thick and/or brittle
layers, a step-scan profiling routine was therefore ap-
plied. A discussion of the procedure applied for SIMS
analysis and of the data is given in [10]. Complete data
and analyses on the waste form samples corroded in the
CERBERUS test are given in [11].

Table 2

The mass losses for the reference HLW glasses are
from 2 to 5 times smaller than when no y-radiation
field is present — see Fig. 2. This observation is based
on interpolation of the results from the previous in situ
tests for 5-years duration. The mass losses for the
WG124 glass are not affected by the y-radiation field. It
may be clear that there is no clear-cut effect of the y-
radiation on the mass loss, considering the different
effects for the different glasses. We also must be careful
in concluding, because the amount of mass loss data is
quite small. The reduced pH of the interstitial clay
solution due to the radiation (7.2 instead of 8.2) might
be one explanation for a slightly lower dissolution,
though the literature does not offer a single indication
[12,13]. Another factor affecting the average reduction
of the mass losses in the radiation field might be the
lower temperature: 80-85°C in the CERBERUS test,
90°C in the earlier in situ test. We think that this might
contribute for a reduction by up to a factor of 2. Our
results from the CERBERUS in situ corrosion test
agree with earlier laboratory investigations carried out
in Boom Clay slurries, where we also concluded a slight
reduction of the glass dissolution upon y-irradiation, as
well as a slight reduction of the solution pH [14]. The
pH decrease upon irradiation is due to the oxidation of
the pyrite present in natural Boom Clay. Note that the
redox potential £, in the Boom Clay interacting with

Information on the reaction layers formed during the CERBERUS corrosion test

Glass Cross-section Analysis (EPMA X-ray) Outer surface analysis (SEM-EDS)
SON68 ~ 200 pm thick Relatively enriched in Al and Si, (Zn, S) and (Zr, U, Ca, Cr)-rich
layer reduced in Ca, Na spots on top of the gel layer
Influx of K, Mg from clay No EDS analysis of gel layer
Between precipitate layer and ‘gel’
layer, another layer is seen (decreased
in Si, Al, Ca)
(Al Si, Mg, Fe, K) precipitates
on top of layer
SM513 ~ 350 pm thick Relatively enriched in Ti and Al, (Si, Al, K, Fe)-rich precipitate layer
layer + stable in Si and Fe
Reduced in Na, Ca, Mg (Ti, S, Ca)-rich spots, and Ti-rich, long
Influx of K from clay minerals on top of reaction layer
Ca together with S in layer; No EDS analysis of gel layer
(Ti, Si, Fe) precipitates
SM527 No typical Thin layer (precipitate?) with Some precipitates seen on top
reaction layer (K, Mg, Si, Al, Na (1)) of gel layer; no EDS analysis
WG124 500-600 pm Layer has double structure Various secondary phases observed

thick layer

Outer layer: Fe, Al, Mg relatively
enriched; Si, K reduced

i.a. SiO, minerals, (Ba, Fe, S)
compounds

Inner layer: Mg depleted, Si decreased
Ca and Na depleted everywhere
(Si, Al, Mg, Fe, K, S) precipitates
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Fig. 3. SEM pictures of the top of the reaction layer of glasses SON68 (left) and WG124 (middle and right) after corrosion in the
CERBERUS test. Left we see a Zn, S phase (the white spots), in the middle an SiO, phase (middle of the picture) and in the right

picture various phases, with high Ba, Fe and S concentration.

the glass specimens remained negative both without
and with y-radiation.

Analysis by electron microscopy reveals the thickness
and composition of the reaction layers formed at the
interface of the glasses and the Boom Clay, and any
secondary phases present on top of these reaction layers
at the ‘clay side’. We see very thick reaction layers of 200
to 600 um, but none in case of the high Al,O; containing
SM527 glass. This may be compared with the thinner
layers, maximum about 100 um observed in the previous
in situ tests, even after 7.5 years duration [4]. We will
take up this stronger reaction layer development when
discussing the SIMS profiling. SEM-EDS revealed the
occurrence of some secondary phases on top of the re-
action layers. Table 2 shows that chemical composition
of these phases is different for the different glasses. The
(pure?) SiO, phase observed for WG124 is interesting,
but was not seen on the borosilicate HLW reference
glasses. We know from the literature that the saturation
of the solution for Si is one of the rate determining steps
in the glass dissolution [15], and yet we know that Si
reaches maximum steady-state concentrations in solu-
tion in Boom Clay slurries [3,16]. SiO, containing sec-
ondary phases therefore are likely to form. It is
conceivable that the Si containing secondary phases
observed on top of SM513 and WG124 can enhance the
glass dissolution, by suppressing the Si saturation [3].
We cannot even exclude that still other secondary phases
are present besides those reported. The detection of
these phases within the very irregularly shaped outer
reaction layers indeed cannot be complete. We also
observed a TiO, needle-like phase in glass SM513 which
was not stable during SEM-EDS analysis. For these
reasons we have no arguments to state that these sec-
ondary phases might be influenced by the presence of the
y-radiation field.

We present the data for the major glass constituents
(Si, Al, B, Na, Ca) and hydrogen from SIMS profiling
analyses for the different glasses in Figs. 4(a)—(d). The
figures show that a reaction layer several hundreds of
pm thick has formed for all glasses except the high
alumina glass SM527. The reaction layers consist of

three main sub-layers. A precipitation layer o is seen,
which may consist of an outer precipitation layer «y and
an inner precipitation layer o;. Next, a thick depletion
(reaction) zone f3,, and the diffusion and gradient zones
p, and f, are observed. The element profiles were nor-
malized to Al, because it was seen during the SIMS
analyses that Al was relatively inert, i.e., its concentra-
tion per volume unit remains relatively stable over the
whole reaction layer. The diffusion and gradient zones
typically see steep decreases of the alkali elements (Li,
Na), alkaline earth (Ca) and other easily diffusing ‘mo-
bile’ elements (such as Mo). There is a simultaneous
influx from the leachant into the layers of H and to some
extent of such mobile elements which are present in the
surrounding clay but not in the bulk glass (such as B and
Li in the case of WG124). Elements found (as Al) rela-
tively ‘inert’ (i.e., remaining nearly preserved in the
layers) particularly comprise tetravalent transition met-
als such as Zr, Cr, Ti.

The depletion factor for Si in the entire f§ reaction
layer (as relating to bulk glass composition) is between
0.4 and 0.6 for all glasses but SM527, and about 1 for
SM527. This means that Si is clearly impoverished in the
reaction layer of SM513, SON68 and WG124, but not
depleted close to the surface of SM527. Taking into
account the nearly complete elimination in B and the
alkali metals in the f§ layer, we would conclude from the
SIMS data that the dissolution of the glasses is pre-
dominantly selective-substitutional leaching. (Note that
congruent dissolution would result in a depletion factor
of 0 for all elements.) The corrosion rates for glasses
SON68, SM513 and WG124 therefore would decrease
with time, because of the important contribution to the
kinetics of other processes than matrix dissolution to the
kinetics. The thicker reaction layers after the CERBE-
RUS test compared with the earlier in situ tests [4,17]
might be due to a larger contribution from diffusion
processes. This, amongst several factors might explain
the somewhat lower mass losses after the CERBERUS
test. As for the high durability shown by SM527, the
present data suggest that this glass is corroded via a
particularly clear-cut selective-substitutional dissolution.
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Fig. 4. SIMS profiles for some of the main glass constituents recorded by step-scan for the four waste glasses after five-years inter-

action at 80-85°C with Boom Clay in the CERBERUS test.

By combining the SIMS data on the reaction layer
and the mass loss data (see Table 3) we may attempt to
gain a more complete picture of the dissolution process.
For the glasses developing a thick reaction layer
(SON68, SM513, WG124) the mass losses measured
might be due for a considerable part to the leaching
processes giving rise to the reaction layer, but not
completely. We give an example, stressing that it is not
conclusive because we lack precise or sufficient data.
Assuming for glasses SON68 and SM513 a density of
the a; + p reaction layer of 40% of the bulk glass density
(with the influx elements not being accounted for), 60%

of the original mass of the o; + f layer would have
dissolved from the glass. This would correspond to a
depletion depth of some 200 pm (taking the total
thickness of the reaction layer from Table 3), which is
comparable with the depletion depth based on the mass
loss. Thus, the outer glass surface front would not have
moved inwards very much. It is difficult to have a precise
statement about that anyway, because we do not know
the average density of the total reaction layer (including
the « and f layers). But we may conclude that these three
glasses dissolve via a combination of dissolution and
selective-substitutional leaching. Glass SM527 again

Table 3
Characteristics of the reaction layers formed upon in situ interaction with Boom Clay during 5 years at 80-85°C (CERBERUS test)
SONG68 SM513 SM527 WG124
Average depletion depth based on mass loss (um) 150 236 39 415
Average thickness of o, + f§ reaction layer (um) 320 380 0.5 450
Density of the f3, layer relative to the bulk glass density (in %)* 44 35 57 59
Si depletion factor in the f, layer relative to the bulk glass 0.6 0.4 1.1 0.6

“The density of the layer is calculated by taking into account the concentration of all of the elements in the layer including the influx
elements, and the analytical observation that the Al concentration in the f§ layer is the same as in the glass bulk [10].
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appears to behave differently. The net depletion depth
measured by mass loss together with the very thin re-
action layer suggests that SM527 exhibits some (con-
gruent) dissolution process in addition to the selective
leaching as suggested from SIMS analysis.

The combination of the mass loss data and the SIMS
profiling therefore provides another picture of the effect
of the glass composition on the dissolution behaviour in
clay. The first difference between SM527 and the other
glasses is the very limited reaction layer formation for
SM527, possibly because the glass network is stronger
due to the high Al,O; content (Si is not depleted in the
reaction layer in the case of SM527). The other three
glasses show strong reaction layer formation, with sev-
eral processes occurring (e.g., network dissolution, se-
lective leaching, ion exchange). In consequence, the
much better chemical durability of SM527 in our test
(see the mass loss data and the thickness of the reaction
layer) can be related for a large part with the smaller
extent of the selective leaching processes that generate
the reaction layer.

Densities between about 35% and 60% of the bulk
glass density suggest that the f, reaction layer ‘gel’
should hardly be considered as protective with respect to
the leaching of mobile species such as alkali’s and B. Gin
et al. [18] argue that the reaction layer formed upon
dissolution in clay may be protective, depending on the
composition of the clay. It is also to be expected that
these reaction layers are becoming thicker with contin-
ued interaction with the Boom Clay, possibly becoming
less dense even further. We argue that in fact one should
add the mass of the main reaction layers to the mass loss
as obtained by weight measurement of the glass sample.

4. The CORALUS in situ test

Within the CORALUS project two tubes as shown in
Fig. 1 will be loaded in the URF, in the course of 2001,
and a third tube in 2002. They will be operated during 2
or 4 years, during which the Np, Pu, or Am doped glass
samples will interact with potential backfill materials, in
a vy-radiation field, and at a specific temperature (30°C
or 90°C). The three modules of each CORALUS test
tube are filled with a different backfill material: smectite
clay ‘FoCa’ mixed with sand and graphite (60/35/5
wt%), smectite clay FoCa mixed with powdered non-
radioactive SON68 glass (95/5 wt%), and dried Boom
Clay.

We used, i.a., data from the previous in situ tests for
designing the CORALUS test. Considering that the to-
tal depth of depletion of the SON68 glass is at maximum
~1 mm, we agreed with a thickness for the glass coupons
(both active and inactive ones) of 3 mm. The 1 mm total
depth of depletion refers to a reacted glass ~500 pm
thick, based on the mass loss measured in the CERBE-

RUS test, and a reaction layer ~ 400 pm thick measured
by SIMS. This assumption might be too conservative, as
explained above. The thickness of the backfill materials
(35 mm in case of the tests at 30°C, 52 mm in case of the
tests at 90°C) was chosen such that we would not expect
the radionuclides considered (Np, Pu, Am) to migrate
through the backfill towards the outer wall of the
CORALUS test. Previous in situ corrosion tests with
Pu-doped glass in Boom Clay (90°C, 7.5 yr) showed that
the Pu migration distance is limited to a few mm [4].
Within 4 mm from the glass surface we measured a more
than 100-fold decrease of the total Pu concentration.
We manufactured and assembled a first fully inactive
CORALUS test tube (see Fig. 5), and loaded it in the
URF early in 1998. We paid particular attention to
the precompaction of the various backfill materials, to
the convergence of the surrounding clay onto the test
tube in the URF conditions, to the saturation of the
backfill materials with clay water, and to testing the
procedure to sample solutions containing the generated
gases in the inner piezometers. It took three months
before the pressure of the surrounding Boom Clay
reached its equilibrium value of 6 bar, which is the
lithostatic pressure at 4-5 m away from the gallery. We
decided to use real clay water sampled in the URF via a
piezometer for saturating the CORALUS backfill ma-
terials. The complete saturation of the backfills with the
clay water took about four months. The sampling of
solution for chemical and dissolved gas analysis during
the operation of the active CORALUS tubes will be
done once a year, for up to 20 ml solution total. Cal-
culations showed that this will not affect the water
chemistry close to the glass. We further optimized the
procedure for measuring online the pH and E} of the
interstitial solution during the operation of the active
CORALUS tests. We also tested the retrieval technique

Fig. 5. View of a CORALUS test tube after assembly, and
before transport to the underground laboratory. Note that this
tube is not foreseen to insert Co-60 sources, and therefore is
smaller in diameter than the tubes that will insert Co-60 sour-
ces.
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of the entire inactive tube, so as to recover the whole
backfill material.

5. Discussion

We interpreted the corrosion behaviour of candidate
HLW glasses in in situ test conditions by using a com-
bination of mass loss measurements and an extensive
surface analysis programme. We were able to roughly
identify that the main dissolution mechanisms for the
different glasses are network dissolution and selective
substitutional leaching. Secondary phase formation was
observed on top of some of the glasses. The glasses
appear to dissolve a little slower in the presence of the
y-radiation field (CERBERUS test), and at least two
relevant effects are reported. The pH of the interstitial
Boom Clay water decreases (7.2 instead of 8.2), and
the glass corrosion mechanism in general turns more
to a diffusion controlled process in the presence of the
y-radiation field.

The in situ corrosion tests running over durations as
long as 7.5 years at elevated temperature provided data
for glass corrosion over far advanced reaction progress,
which are obviously very useful when we attempt to
extrapolate to longer time scales. We established from
the previous laboratory studies that the Boom Clay
provides one of the most corrosive media for the glasses.
Our in situ tests are complemented by laboratory tests
which are needed to provide data on the basic dissolu-
tion processes or the radionuclide release behaviour, and
to derive parameters for modelling [3].

The glasses dissolved during the CERBERUS test
with a rate between about 10 and 90 pm/yr. Test tem-
peratures between 80°C and 85°C in CERBERUS rep-
resent the initial situation after disposal, and therefore
cannot be used to estimate the long-term stability of the
glasses upon disposal. The data obtained in the first in
situ tests at ambient rock temperature (16°C) may be
more relevant in this respect. The glass dissolution at
16°C was less than 0.3 um/yr in this situation, which
illustrates a very important effect of temperature on the
glass dissolution in Boom Clay. This demonstrates the
need to include low temperature conditions in our future
in situ and laboratory investigations.

The in situ tests as conducted are obviously quite
unflexible (small amount of experimental conditions
possible, long preparation time) and expensive. On the
other hand they offered advantages to the current lab-
oratory tests in that they provided natural control of the
humidity of the Boom Clay and of the anaerobic envi-
ronment. This approach might therefore provide an
optimal way to study the dissolution behaviour of HLW
glasses in integrated conditions, e.g., in the presence of
the repository rock (Boom Clay), radiation fields, tem-
perature gradients. The CORALUS in situ test will

provide the most straightforward data in this respect,
and will not only provide data on the radionuclide re-
lease from the glass, but also on the migration of the
radionuclides through the different backfill materials.

The effort spent to generate the data presented in
this paper on the glasses exposed to clay in the in situ
test was after all quite limited. Indeed the CERBERUS
test was designed to study the effect of a y-radiation
field on the near field around a HLW glass package [6],
and yet we took the opportunity to install various types
of waste form and container samples in the CERBE-
RUS test. Our data on the HLW glass samples dem-
onstrate that very meaningful conclusions could be
drawn, even if the CERBERUS test was quite an in-
tegrated test.
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