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11 - STRATEGIC CHOICES IN THE BELGIAN SUPERCONTAINER DESIGN  
AND ITS TREATMENT IN A SAFETY CASE 

Maarten VAN GEET (ONDRAF/NIRAS) and Eef WEETJENS (SCK•CEN); Belgium 

Introduction 

In Belgium, geological disposal of high-level and long-lived radioactive waste in plastic clay 
is the reference solution for research & development (R&D) in the frame of the long-term 
management. Boom Clay is currently considered the reference formation for hosting a repository 
for this type of waste, while Ypresian clays are considered as alternative. The main safety 
functions that this geological disposal system should fulfil are: 

• Isolation (I): provided by the Boom Clay and its geological cover to isolate the waste from 
the biosphere into the far future. Furthermore, the repository is located far enough from 
underground areas of mineral resources to reduce the likelihood of inadvertent human 
intrusion, and the self-sealing capacity of the Boom Clay contributes to reducing the 
possible consequences of such intrusions; 

• Retardation (R): Because of the favourable properties of the Boom Clay and its stability, 
the host formation, supported by the engineered barriers and the waste forms performs 
the function of delay and attenuation of the releases over extremely long periods of time; 

• Engineered Containment (C): provided by the engineered barrier system during at least 
the thermal phase. 

In recent years there has been a re-evaluation of the reference design for vitrified high-level 
waste and spent fuel. This paper explains the drivers of this re-evaluation, the current reference 
design and the implications of this so-called supercontainer design in terms of long-term 
radiological safety. 

SAFIR 2: concept and major outcomes 

In 2001, ONDRAF/NIRAS published its SAFIR 2 (Safety Assessment and Feasibility Interim 
Report 2) report (ONDRAF/NIRAS, 2001). The reference design used at that time for the safety 
assessment consisted of a network of straight galleries in the midplane of the Boom Clay at a 
depth of about 240 m (Figure 1). For the vitrified high-level waste and the spent fuel, the design 
provided multiple barriers. The primary package, surrounded by an overpack of 3 cm stainless 
steel, would be placed into a disposal tube made of 1 cm stainless steel. The latter was assumed 
to be centred in a disposal gallery, lined with concrete wedge blocks. Such a concrete liner is 
needed because of the limited strength of the Boom Clay host rock. The proposed backfill would 
be bentonite based. However, due to the limited strength of the Boom Clay itself and the in-situ 
lithostatic pressure of about 4.5 MPa, the swelling pressure of the bentonite should be rather 
limited, compared to other programmes, in order to avoid damage creation in the Boom Clay. 
Also, it is less crucial to have a swelling engineered barrier system that can actively recompact 
the excavation damaged zone (close discontinuities) as it has been shown that due to its plastic 
behaviour, high water content and creep, Boom Clay has the capacity to fill in voids and self-seal 
fractures around a purely passive support system. 
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Figure 1: Schematic view of the SAFIR 2 design and the SAFIR 2 layout of a geological 
repository in plastic clay like the Boom Clay. More details are given in the text 

 

The main outcomes of the SAFIR 2 assessment (ONDRAF/NIRAS, 2001) and its reviews (NEA, 
2003) were the following: 

• Geological disposal in Boom Clay is promising; 

• In the reference evolution scenario and most altered evolution scenarios, the natural 
barrier, the Boom Clay, is the major contributor to the overall safety. 

 
However, this assessment and the review also highlighted possible weaknesses, namely 

• The feasibility and especially the operational safety were not very clear, if not 
questionable; 

• The engineered barrier system behaviour was rather complex and with the remaining 
uncertainties on near field evolution it was difficult to guarantee full containment during 
the thermal phase.  

Strategic choices for re-evaluation of the concept and the resulting supercontainer design 

In accordance with its safety strategy (ONDRAF/NIRAS, 2009), ONDRAF/NIRAS took the 
formal assessment of the SAFIR 2 report and its review as an occasion to re-evaluate the design 
in order to strengthen the proposed solution for long-term management of high-level waste.  

A multicriteria analysis of different designs has been performed (ONDRAF/NIRAS 2004). The 
criteria used were related to safety reserve, host rock perturbation, intrinsic robustness, ease of 
demonstration, technical operation, flexibility and financial feasibility. Three alternative basic 
designs (supercontainer, borehole and sleeve) were elaborated. The aim of the development of a 
number of different designs was to establish a broad basis for justification of the selection of a 
reference design for the engineered barrier system (EBS). The results of this analysis showed a 
clear preference for the supercontainer design (Figure 2). The high-level waste and spent fuel 
will be placed in so-called supercontainers, consisting of a watertight carbon steel overpack of 3 
cm and a massive protective concrete layer based on Ordinary Portland Cement (OPC), termed 
the buffer (in the order of 70 cm thick, depending on the radiological shielding needed). 
Optionally it might be surrounded by a stainless steel envelope of a few mm thick. Following 
waste emplacement, all remaining voids in the disposal galleries will be backfilled with a 
cement-based material. The main drivers for selecting the supercontainer design were, from a 
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long-term safety point of view, the formation of an engineered buffer environment around the 
overpack with predictable chemical conditions under which corrosion processes are very slow 
and well understood (contained environment) and which can be guaranteed during the thermal 
phase. The formation of a corrosion-protective layer of passive material on the surface of an 
embedded carbon steel body under the influence of a high pH environment is a well-known 
phenomenon and guarantees a low uniform corrosion rate (in absence of aggressive species). 
Moreover, it makes use of materials for which a broad experience and knowledge base exists. 
From an operational point of view, the supercontainer design also provides permanent shielding, 
which eliminates the need for remotely controlled underground operations and intrinsically 
better protects the workforce. In other reporting concepts, e.g. for crystalline rock, the use of 
cementitious materials close to high-level waste and bentonite sealing structures is avoided. 
However, it should be kept in mind that a concrete liner of the galleries in this case is 
unavoidable due to the limited strength of the Boom Clay host rock. 

Figure 2: Schematic view of the current reference design, called supercontainer design, and 
the current reference layout of a geological repository in plastic clay like the Boom Clay. More 

details are given in the text 

 

Impact of the supercontainer design on long-term safety  

Ever since the re-evaluation of the reference design, the RD&D programme has been 
adapted accordingly and a strong interaction between phenomenologists, technologists and 
safety assessors has taken place. The aim is to underbuild the main drivers that have led to the 
choice of the supercontainer design and to evaluate the impact this design can have on long-
term safety. As a consequence, in the frame of a continuous (re-)evaluation process, additional 
arguments in favour of the supercontainer design and some drawbacks of this design can be 
formulated next to the original drivers. In parallel, it is important to put this in the perspective of 
a systemic approach towards overall safety of the system. ONDRAF/NIRAS is preparing a safety 
and feasibility case 1 (SFC 1) by 2013, which should gather all arguments and evidence that 
illustrate that geological disposal with the current reference design is feasible and safe. At 
present, RD&D is ongoing and several aspects will be further scrutinized.  

Corrosion 

The new supercontainer design imposes better constrained boundary conditions for 
corrosion to better underpin the overpack integrity during the thermal phase. To this end it is 
important to illustrate that a high pH will be maintained in the concrete buffer during at least 
the thermal phase. Scoping calculations based on a local equilibrium- diffusion transport model 
were performed and confirmed that the Near Field will likely remain highly alkaline for a 
geological time span. (Wang, 2006) 
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Limited radionuclide (RN) release from waste form 

As the chemical near field environment is now completely different compared to the SAFIR2 
design, it is clear that the geochemical conditions and their evolution taking into account 
interactions with Boom Clay, waste and other EBS materials need to be thoroughly investigated. 
In this respect, dedicated research programmes have been set up to characterise the 
radionuclide release in the conditions, prevailing after overpack failure. Preliminary results 
obtained so far and qualitative arguments (contribution of K. Lemmens, this volume) indicate 
that: 

• release from vitrified waste is faster compared to the previous concept. However, in view 
of long-term safety, this has litlle effect on the fluxes to the aquifers and doses to men. 
Indeed, Mallants et al. (2001) have shown that there is no significant contribution from 
the waste matrices unless their lifetime can be demonstrated convincingly to exceed 
several 100 thousands of years; 

• for spent fuel, there is no noticeable difference in the rate of contaminant releases from 
the waste form for similar anaerobic conditions.  

These observations are currently further being scrutinized and/or should be confirmed. 

Solubility limit 

The solubility of radionuclides is an additional chemical effect that limits the release from 
the near field for some radionuclides. When concentrations of a radionuclide species exceed a 
certain (pH and Eh dependent) value, that species precipitates, which limits its diffusive 
migration. It manifests itself where the porewater concentrations are highest, i.e. at the 
waste/porewater interface. 

With respect to the solubility limit in the near field it is clear that the prevailing pH (and Eh) 
conditions of the supercontainer design need to be taken into account. However, in general 
terms solubilities seem to be comparable or an order of magnitude higher for fission products 
and comparable or order(s) of magnitude lower for actinides (ONDRAF/NIRAS, 2001 and Wang et 
al., this volume). But compared to the SAFIR 2 design it will be important to have a focused 
research on RN speciation and the impact of the boundary conditions and to evaluate with the 
experts the confidence in the available data sets, taking into account concrete degradation. 

With respect to the solubility in the far field, the difference with the SAFIR 2 concept has 
not changed too much, if, at least, the extent of the disturbed clay zone is not too large. Due to 
the significant amount of concrete used, the alkaline plume perturbation is the major topic to be 
evaluated [contribution of F. Marsal – this volume). Based on current knowledge, such 
perturbation in clays, through which transport is diffusion controlled, remains limited (up to a 
few meters maximum for the supercontainer design in Boom Clay (contribution Jacques & 
Wang- this volume)]. 

Sorption capacity 

The retardation of radionuclides by sorption processes plays a role along the whole 
pathway of the radionuclide’s migration. 

With respect to the near field it is again important to know the speciation of the 
radionuclides in the prevailing conditions after overpack failure. Substantial work on the 
sorption of radionuclides in concrete environment has been done, also in Belgium in the context 
of the surface disposal of low-level waste (contribution Wang et al., this volume; contribution S. 
Williams, this volume). Some of this information is applicable to geological disposal as well, 
although important differences exist as well, e.g. oxidising (near surface) versus reducing 
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(geological) conditions, etc. Based on current knowledge it seems that concrete might provide 
some complementary sorption characteristics compared to clay, e.g. while iodine is not sorbed 
in clay, it may be considerably sorbed upon cement phases (contribution of J. Govaerts - this 
volume). 

With respect to the sorption in the far field, there is not much difference with the SAFIR 2 
concept provided that the extent of the disturbed zone is not too large (see above).  

Conclusions  

According to its safety strategy, ONDRAF/NIRAS has re-evaluated its design since the last 
formal safety assessment of SAFIR 2. Based on the outcome of the latter assessment, a 
multicriteria analysis and detailed interactions between phenomenologists, technologists and 
safety assessors the supercontainer design with a high pH buffer made of concrete based on 
Ordinary Portland Cement has been chosen as the reference design. It is believed that in this 
way the safety concept has been reinforced as this design should provide: 

• permanent shielding during the operational phase and facilitated quality control; 

• adequately understood engineered containment during the thermal phase. 

Moreover this design  

• is based on proven technologies and widely available, affordable materials 

• has negligible negative impact on the safety functions provided by the most important 
barrier, the clayey host rock 

• may provide complementary sorption with respect to the clay host rock for radionuclides 
that are mobile in clay. 

On top of that, it should be kept in mind that in a case of plastic host formation, such as Boom 
Clay, concrete is difficult to avoid for practicality reasons (e.g. as gallery liner). However, we 
acknowledge that the use of concrete in this context is still fairly new and although many 
aspects look very promising, they still need to be scrutinised and results need to be confirmed. 
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