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ABSTRACT

In-situ corrosion tests were performed on various candidate high-level waste glasses
in the underground laboratory in clay underneath SCK. CEN. The tests exposed the
glass amples directly to the Boom clay rock, for maximum durations of 7.5 years.
We succeeded to interpret the corrosion data at 900C in terms of dissolution
mechanisms, and we concluded that the glass composition has a determining effect
on the corrosion stability The data from our in-situ tests were of high relevance for
estimating the long-term behaviour of the glasses. The long-term in-situ tests provide
corrosion data which show different trends than other corrosion tests, e.g. shorter
duration tests in Boom clay, or tests in deionized water. The initial dissolution rate
using MCC1 test at 90'C is about the sme for the three glasses discussed, but the
longest duration in Boom clay at 90'C shows a difference in mass loss of about 25
times. We finally present some ideas on how the corrosion tests can meet the needs,
such as the modelling of the glass corrosion or providing input in the performance
assessment.

INTRODUCTION

SCK*CEN is studying the corrosion ehaviour of candidate high-level ,yvaste glasses in
anticipated disposal media since some 15 years. Belgium is considering a geological
disposal in a Boom Clay formation situated below the SCK*CEN. Therefore Boom Clay
was included in our R&D programme as one of the reference corroding media materials.
A large experimental laboratory programme was conceived to provide an
understanding of the corrosion of the glass matrix and of the radionuclide leaching from
the glass 1]1 Various parameters were varied therefore: (1) type of interacting medium:
pure water, clay water, Boom Clay, mixtures of Boom Clay with clay water, (2)
temperature, time, pH, Eh, SA/V (surface area to solution volume), and (3) the glass
composition. In addition we investigated the glass corrosion in more integrated
conditions, by adding backfilling materials, canister corrosion products, and gamma
irradiation sources to the corrosion tests.

The laboratory corrosion tests were performed with inactive, doped or fully active glass
samples [2,3]. Doping was done with the radionuclides of highest concern: 237 , 99Tc,
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2,4 Am 2397pU. Both geochemnical and mathematical modelling is being carried out as a
complement of the laboratory tests [41,5*

in-situ corrosion tests on HLW glasses were conceived from 1983 on, at the same time
as the underground laboratory in Boom Clay was being constructed [61. The objectives
of these in-situ tests were to improve the confidence in the data from the laboratory
programmes- some early validation- and to obtain experience in designing and
operating tests in underground conditions 7]*

This paper describes the concept and main data of the in-situ tests on glass carried out
in the underground facility in Mol. Then the relevance of the results to estimating the
long-term behaviour of the glasses in disposal conditions is discussed. The discussion
does not include the radionuclide release.

CONCEPT OF THE IN-SITU TESTS AND RELATED LABORATORY TESTS

The first in-situ corrosion tests on waste glasses were designed in 1 983, and installed
from 1 986 on. Basically two types of tests were conceived: one to simulate normal"
disposal conditions of interaction of the waste form with the (water saturated) clay rock,
the second to simulate "accidental" disposal conditions of exposure of the waste form
with a humid atmosphere generated upon disrupture of some engineered barriers. The
concept of the tests was inspired by the then prevailing HADES' disposal concept,
separating the vitrified waste packages from the Boom Clay rock only by a thin zone.

A scheme of both types of in-situ tests is shown in Figure . The tests were jointly
elaborated for waste forms and container materials (various steel, nickel and titanium
alloys). This allowed to use the relatively expensive corrosion tubes for two types of
materials. The temperature and samples were chosen on a joint European basis, to
enable comparison with other (e.g. German) in-situ programmes. This explains the
choice of 1 70C as test condition.

The horizontal tubes (fig a) provide interaction between the samples and Boom clay. They
consist of a support tube onto or into which annular container samples or waste form coupon
samples were loaded and fixed. nside this support tube a heater was inserted. The
vertically implanted tubes (Fig. b) provide interaction between the samples and an
atmosphere equilibrated with the Boom clay, which corresponds with an accidental scenario
during disposal. This occurs in the lower part of the tube. The porous filter shown allows
vapour to enter, and a gas circulation inside the tube flushes the atmosphere over the
samples. The samples are loaded on a Teflon tube, and heaters installed at the centerline.
Full details on the design and operation of both types of tube can be found in 8]*

By now all ten corrosion tubes have finished operation. All tests were fully analyzed and
reported. We stress that technical achievements have been as important in our
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programme as the analytical ones. We obtained experience in designing, operating,
monitoring, retrieving the test tubes, retrieving the clay, and analyzing the glass and clay
samples, including doped glass samples and solution analysis of water recovered from
the clay. The manipulations on the glass samples before measuring mass loss and
submission to surface analysis techniques are reported in 8]*

Now, we have designed a new in-situ corrosion test, called CORALUS (rrosion of
active glass in underground torage condition). This test involves the corrosion of the
R7T7 reference glass SN68 in different potential disposal media: bentonite clay
(backfill) and Boom Clay [9J* Other particular features are the use of alpha doped glass,
the presence of a gamma irradiation field and a complete monitoring system for solution
and gas analysis. This test will be started in 1 998.

~ COUPON SPECIMENS:

Figure a: View of the implantation of the horizontal corrosion tubes for direct contact with clay

STAINLESS STEEL TUBE

Figure 7ib: Scheme of the vertical
E ~ ~~~~~~EDcorrosion tube for interaction with a clay-

HEATING ~~~~~equilibrated atmosphere

THERMOCOUPLES

HEATING ~~TEFLON TUBE

CONTANER SAMPLES AND
WASTE FORM SAMPLES
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INTERACTION OF GLASS WITH BOOM CLAY: CORROSION DATA

We present and discuss oniy results for the tests carried out in direct contact with Boom
clay at 90'C. We do not present or discuss the results in detail - see 81. Since the in-situ
tests involved some 20 different glass compositions, we focus in this paper on three
glasses of actual relevance for Belgium: the R7T7 glass S0N68, the Pamela LEWC1 glass
SM51 3, and the Pamela HEWC1 glass SAN60 (which is a precursor for the actual
glasses SM527 and SM539). These three glasses were submitted to additional
laboratory tests simulating the in-situ condition 2 / and the corroded samples were
analyzed in detail by various techniques: SEM-EDS of the surface, EPMA-Xray and SIMS
profiling.

The mass loss data are presented in Figure 2. Two data sets are seen in the figure: the
data between 7 and 1825 days (laboratory simulation tests), and the data between 720
and 2750 days (in-situ tests). We did not perform laboratory simulation tests on the
SM51 3 glass, because this glass was not available when starting these tests. Remark the
deviations for the 2 and 5 year laboratory data from the in-situ data. We do not take
into account the 5 y data further-on. The deviations are due to the dry-out of the Boom
clay in the laboratory condition. We observe three different behaviours considering all
available data; a mass loss roughly proportional with time t05 (glass SAN60), a mass
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Figure 2: Mass losses for several reference HLW glasses after interaction with Boom clay at 9O0 C

1 LEWC = Low Enriched Waste Concentrates - HEWC = High Enriched Waste Concentrates

'Laboratory simulation tests were carried out y contacting glass plates with natural Boom clay with total
volume of about 20 cm', to which a few ml of clay water were added to improve the contact between the glass
and the clay. The tests were fully static.
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loss roughly proportional with t (glass S0N68), and a mass loss roughly proportional
with t2 (glass SM51 3). The mass loss dependencies on time might suggest diffusion
processes (SAN60), matrix dissolution (S0N68) or enhanced dissolution due to
secondary phase formation (M51 3). We somehow confirm these hypotheses by surface
analyses.

We show results from SIMS profiling on the corroded SON68 and SAN60 glasses in
Figures 3a and 3b. SIMS profiling was performed as explained in [1]. The reacted glass
surface can be subdivided in 132 and P3i zones (diffusion, resp gradient layer), a P3O zone
(the gel" layer), and the outer precipitation layer cc. We observe basically a net
depletion (from some 50% to some 30%) of the main glass matrix constituent Si in the
gel layer in case of S0N68, in contrast with SAN60 (stable Si concentration throughout
the reacted glass surface). The easily diffusing glass constituents Li, Na, B show a
diffusion pattern towards the glass/clay interface, and some elements (H, K, Mg)
provided by the clay are moving inwards into the glass. The dissolution behaviour of
both glasses is basically different, and we conclude that matrix dissolution occurs indeed
in case of S0N68, not in case of SAN60. .The mass loss calculated from the release of
the "diffusing` elements (B, Na, Li), as seen in the SIMS profile, fits relatively well with
the total mass loss measured for SAN60. This may be an additional indication for a
diffusion controlled dissolution for SAN60.
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Figure 3. a: SIMS profile of glass SON68 corroded Figure 3 SIMS profile of glass SAN60
during 3.5 y in Boom Clay (900C) corroded during 3.5 y in Boom clay (900C)

EPMA X-ray analysis clearly shows that the reaction layer is quite irregular in thickness
and roughness, mainly in case of SON68 [8]. SIMS profiling also shows that (1) the
reaction fronts were rough, and (2) sub-layers (see, the p3 layers) were not always
homogeneous in thickness over the samples. A more in-depth discussion of e.g. the time
dependence of these sub-layers therefore is not possible.
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The main observations from SEM-EDS analysis on the outer surface of glass SM51 3
which reacted during 7.5 years with Boom clay are shown in Figure 4. We notice a more
pronounced layer formation for SM51 3 than for SON68. But, we observe some minerals
on top of this layer: see, the shell like and the rectangular minerals. The shell like
minerals of some 1pm size include mainly Ca and C, and could correspond with calcite
crystals which are known to be naturally present in Boom clay. The rectangularly shaped
minerals include mainly K, Si and Al, and are thought to have formed by secondary
reactions. It yet has to be proven that such secondary minerals can induce enhanced
glass dissolution- we know from other studies that this can happen 1, 1 11.

Figure 4: SEM views of the surface layer on top of glass SM5 13 corroded for 7 5 y in Boom Clay at 900C.
Left picture shows calcite crystals, the right picture K, Al, Si minerals

DISCUSSION

Influence of the experimental conditions

We obviously observe a very important effect of the experimental conditions on the
corrosion stability. We cannot relate all data from the in-situ tests to the laboratory
simulation tests for several reasons: the durations ranges were different, and the glasses
tested were not the same. For instance, we did not submit glass SM51 3 to the laboratory
tests, because the glass was not available at the time we started these tests. A
comparison with the results from the standard MCC1 test is very instructive: the initial
corrosion rate (before the onset of saturation in solution) at 90C for the glasses SN68,
SAN60 and SM513 is almost similar -i .M-2.d-1). Compare, the difference in mass
loss increases up to a factor of about 30 in our in-situ test after 7.5 years.

We did not observe any stage of enhanced dissolution of glass SM51 3 thus far, in
neither experimental condition [21. The other experimental conditions involved standard
testing in deionized water, testing in various clay media, tests at different temperatures
up to 1 50C. We emphasize that we did not achieve that high extent of corrosion in
these laboratory studies as we did in our long-term in-situ tests.
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We demonstrated the usefulness of performing n-situ corrosion tests, because the
laboratory simulation tests suffered from drying-out. The amount of solution in a very
confined and static medium like natural Boom clay is a critical parameter in the
corrosion process. During laboratory testing, we might have had some redistribution of
the liquid phase away from the glass sample, because the amount of water initially was
higher close to the glass. Some loss of liquid by evaporation might have occurred as
well, because the stainless steel lids were not welded.

Role of the glass composition

Upon interaction between waste glass and clay, other factors than the glass composition
are expected to influence or control the dissolution: saturation effects for SiO 2 [121 in the
solution, sorption and diffusion effects on or through the clay. The effect of the glass
composition upon interaction with clay would be less important anyway than upon
interaction with deionized water, because there is no evidence that saturation effects in
solution - notably for SiO 2 - and sorption onto clay depend in a considerable way on
the glass composition.

Our data do show that the glass composition does influence in a very important way the
corrosion behaviour. Both the dissolution mechanism and the extent of corrosion differ
strongly. Glass SN68 demonstrates an ".expected"' dissolution behaviour. Matrix
dissolution proceeds, because the decrease in dissolution due to saturation effects in the
solution is suppressed by the sorption effects of the clay. We refer to the sorption
properties of Boom clay for silicic acid [13]. The enhanced dissolution of SM51 3 beyond
two years of dissolution was not expected, based on previous laboratory tests in more
diluted clay media [2]* Temporary enhanced dissolution phenomena typically have been
observed in high-AI 20 3 glasses 1,11]. The special behaviour of SM513 should be
investigated by geochemical modelling, to check the potential impact of secondary
phases on the enhanced dissolution.

Glass SAN60 differs from the other two glasses by the very large A120 3 content (some
20 wto). Al acts as a network former by bounding Na' or Li into a tetrahedron, thereby
reducing the effective concentration of network modifiers. We suggest that ion exchange
diffusion reactions become dominant in this case, because matrix dissolution has been
reduced. Compare the mol% for the cations, for glasses SAN60 and SON68: 16.6, resp
5.0 for Al, and 29.2, resp 23.3 for Na+Li. The glass matrix of SAN60 would be more
corrosion resistant based on this. Yet, the precise type of diffusion reaction needs to be
identified. We may obtain some insight into this from the Monte Carlo simulations 1,4].

Which corrosion test to chose?

Studying the long-term corrosion stability of high-level waste glass may serve two
different objectives. Usually, corrosion tests aim to determine long-term corrosion
mechanisms,' as an input in modelling studies. This results in calculations of the lifetime

541 Universht d'tt6 CEA Vairh6 -Septembre 1 997



of glass blocks in anticipated disposal situations. This R&D work is currently done at
relatively elevated temperature, for several reasons. But, these conditions reflect
accidental, pessimistic conditions of early fracture of the canister or overpack. f
corrosion tests need to provide input in performance assessment studies for disposal, one
has rather to consider normal conditions which involve typically low temperature
(situation after some 1 000 years in the Belgian concept). Here, we have proposed a best
estimate value value for the glass corrosion rate of 0.3 pm/y (maximum value 0.4 pm/y,
minimum value 0.002 pm/y). This value is based on the in-situ corrosion tests carried
out at ambient Boom clay rock temperature of 160C 8, 1 5]. These corrosion data should
be taken into account when discussing the quality of the glass matrix as a first barrier in
the disposal concept. HLW glass blocks would be fully dlesintegrated only after more than
500000 years.
We think that both approaches (investigation of mechanisms, input in performance
assessment) must be considered in the R&D programmes. Other important
considerations are the choice of the interaction medium and the need or long-term
data. Obvious-ly the interaction medium to be chosen must be in accordance with the
disposal concept. However, since the definition of the engineered barriers currently is
matter of research, we should consider in any case the worst-case-medium. n our
situation we conclude that Boom clay is more aggressive for glass than candidate
backfill materials such as bentonite clay or cement. ong-term data are another
prerequisite for making reliable estimations of the long-term behaviour. The use of
high surface to volume (S/V) ratios by using powdered glass to accelerate the
accumulation in solution does not provide full information on the long-term behaviour,
because the reaction layer properties and the related secondary phase formation in
solution are dependent on S. Increasing the test temperature offers similar
disadvantages.

CONCLUSIONS

In-situ corrosion tests in Boom clay, the candidate geological repository rock in Belgium,
provided useful data. We think that especially the data for glass SM51 3 need
confirmation, and data in similar conditions on the present PAMELA HEWC glasses
SM527 and SM539 (glass SAN60 is a precursor) are needed as well. More corrosion
data should be gathered at low (normal disposal scenario) temperature. We strongly
recommend to consider in-situ tests as part of a global approach including laboratory
tests, investigations on the radionuclide source term, geochemical modelling)' and
mathematical modelling. Mathematical modelling a.o. needs to combine the model for
glass dissolution with the diffusion/ sorption processes for Si, maybe other elements,
through the contacting clay.
Our in-situ tests were designed in the very early period of exploitation of the
underground laboratory, and they were by and all oversized and sufferred from a lack
of flexibility. we think that future in-situ tests can be less expensive, and better monitored
for e.g., pH, E, and solution analysis.
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