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Abstract  
 
ONDRAF/NIRAS and the EIG EURIDICE are conducting an experimental programme to 
demonstrate the viability of the Supercontainer concept for final disposal of vitrified HLW and spent 
fuel assemblies in deep Boom Clay layer. The experimental programme is separated into two main 
parts: (i) tests to verify the manufacturing and emplacement of the various components of a 
Supercontainer, and (ii) tests to verify the possibility of backfilling the annular space delimited by the 
gallery lining and the Supercontainers once these latter installed. 

 

1 Introduction 
 

For final disposal of heat emitting waste in deep Boom Clay layer, ONDRAF/NIRAS, the Belgian 
agency for radioactive waste and enriched fissile materials, has developed the Supercontainer concept. 
In this concept, the vitrified HLW canisters or the spent fuel assemblies are inserted into a 30 mm 
thick and 50 cm diameter cylindrical carbon steel overpack. The overpack is fitted into a thick Portland 
concrete buffer. Each overpack contains two canisters (Figure 1) or four UOx assemblies (but only one 
MOx assembly). 

 

Figure 1: Supercontainer. LEFT: Overpack with two HLW vitrified canisters. MIDDLE: 
Emplacement of a Supercontainer using an air cushion system (the overpack is represented in light 
blue colour). RIGHT: Cross-section of a disposal gallery with a Supercontainer for UO2 spent fuel 

assemblies. 

The function of the carbon steel overpack is to provide total containment of the radionuclides during 
the thermal phase (some hundred years for vitrified waste and some thousand years for spent fuel 
assemblies) by preventing contact between the waste form and water coming from the host formation. 
The concrete buffer protects the overpack against corrosion by creating a favourable geochemical 
environment (alkaline conditions). The buffer also provides radiological shielding around the waste to 
enable human presence during handling and transport of the Supercontainers without additional 
radiological protection systems.  
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The dimensions and weights of the different types of Supercontainers are mentioned in Table 1. 

Table 1: Supercontainer dimensions and weights 
 Vitrified waste UOx Mox 

Outer diameter (m) 2.1 m 2.2 m 1.6 m 

Outer length (m) 4.1 m Max. 6.2 m 6.1 m 

# canister/assemblies per SC 2 4 1 

Weight (ton) 30 t. Max. 60 t. Max. 31 t. 

The waste inside the Supercontainers generates a maximum heat output of about 250 W/m. 

Once constructed, the Supercontainers are emplaced in 1 km long and 3 m diameter disposal galleries. 
Once a 30 m long section of a disposal gallery is filled, the remaining space, about 85 m³, is backfilled 
(the space to be backfilled is represented in yellow on Figure 1, right). Two types of material and 
associated emplacement techniques are currently considered to backfill the HLW disposal galleries: 
injection of a cement-based material (grout) as the reference solution and projection (dry gunite 
technique) of a granular material as a potential alternative.  
 
The main role assigned to the backfill material is to prevent significant cave-in of the disposal gallery 
in order to prevent, in case of loss of integrity of the gallery wall, damage to the Supercontainer or 
creep of the Boom Clay in the remaining void, thus destabilizing the host formation. Therefore, the 
prime operational target of backfilling operations is to achieve maximum filling of the gap. 
 

In anticipation of the Safety and Feasibility Case (SFC-1) planned for 2013 (Lalieux et al., 2007), 
ONDRAF/NIRAS and the EIG EURIDICE (an Economic Interest Grouping between 
ONDRAF/NIRAS and SCK•CEN, the Belgian Nuclear Research Centre), experimental programmes 
are being set up to verify the viability of the Supercontainer concept and the feasibility of constructing 
such a disposal package. In parallel, a testing programme is being conducted to verify the feasibility of 
backfilling the disposal galleries with a grout and different granular materials. 

These two aspects of the experimental programme are described in this paper. They were already presented 
at the REPOSAFE Conference in Braunschweig (Van Humbeeck et al., 2007) but this document includes 
the latest developments and achievements. 

 

2 The Supercontainer Concept: Construction Stages and 
associated Experimental Programme 

 

A first study related to the construction feasibility was carried out by TRACTEBEL ENGINEERING (Bel 
et al., 2005). The main proposal was to verify the concept viability through full-scale prototypes, along with 
smaller scale tests in order to verify specific technical proposals, as explained hereafter. The tests should 
first address the quality of the precast concrete buffer to be cast in a normal workshop environment.  
Subsequently, the hot and highly radiating carbon steel overpack will be inserted by remote control under 
hot cell conditions (Figure 2). At this stage, the 50 mm wide annular gap between the overpack and the 
buffer must be filled for mechanical stability, thermal dissipation and corrosion protection of the overpack. 
Finally, the Supercontainer main buffer body will be closed using a concrete end piece. 

A stepwise approach is adopted for the design and feasibility studies of the Supercontainer concept. First, a 
desk study was made to define the requirements for the different components (e.g. buffer, liner, filler). This 
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task was carried out in cooperation with international panels of experts and mainly based on the long-term 
corrosion aspects. 

Based on these proposals, 2D and 3D thermal calculations are being performed to verify the stress pattern 
and history within the buffer at each construction and assembly stage. The buffer thickness (~70 cm) and 
the high thermal load are potential sources for the development of tensile stresses and hence micro 
cracking. 

 

Figure 2: Construction stages of a Supercontainer. 

 

2.1 Concrete buffer construction: feasibility tests 

The corrosion desk study resulted in two potential concrete types for the buffer material: a self-compacting 
concrete (SCC) and a rheoplastic concrete (RPC). A general composition was proposed for each of these 
types. The main differences are the superplasticiser content and the maximum aggregate diameter; 
practically, the SCC does not need to be vibrated (by definition) but the RPC cannot be efficiently poured 
without vibration needles. Preliminary laboratory tests were carried out on several slightly varying mixtures 
of the buffer concrete to optimize parameters such as slump, workability, compressive strength, etc. Both 
final concrete compositions are given in Table 2. 

Table 2: Composition of the concrete buffer test columns. 
Type Material SCC [kg/m³] RPC [kg/m³] 

Cement CEM I/42.5N HSR LA (LH) 350.00 350.00 

Filler Calcitec 2001 ME 100.00 50.00 

Fine aggregate Limestone 0/4 840.28 707.86 

Coarse aggregate Limestone 2/6 326.91 413.71 

Coarse aggregate Limestone 6/14 558.55 190.97 

Coarse aggregate Limestone 6/20 0.00 465.17 

Plasticiser Glenium 27/20 14.02 4.41 

Water (W/C=0.5) Tap water 175 175 

 
In a next step, two vertical 6 m high square concrete beams were cast, representing a buffer sector (Figure 
3). One of these used SCC, the other RPC. This step was mandatory: the height is important to check 

In hot cell 

Stage 1 :  prefab 
concrete buffer  

Stage 2 :  overpack 
insertion

Stage 3 :  filler emplaced Stage 4 :  concrete end 
piece emplacement 
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segregation, workability, and homogeneity. The thickness is essential to thermal behaviour and cracking. 
After hardening, both prototypes were largely sampled for laboratory testing in two separate research 
laboratories (CSTC and Ghent University – Belgium). The formwork was equipped to measure the 
temperature during hydration at various locations inside the test beam. It was filled in three steps (three 
batches of concrete). The time needed to complete this operation was 65' (SCC) and 55' (RPC). 

  
Figure 3: Test column. LEFT: Concrete pumping to fill the formwork. RIGHT: Finished product. 

Fresh concrete samples were taken for immediate and delayed testing. The next table provides the main 
results from the laboratory campaign at 28 days. Some long-term analyses are still in progress. 

Table 3: Mean values of test results. 
Parameter SCC RPC Standard 

Bleeding None None NBN B 15-226 

Density (at 28 days) 2420 kg/m³ 2440 kg/m³ NBN EN 12390-7 

Compressive strength 57 Mpa 47 MPa 
NBN EN 12504-1 

NBN EN 12390-3 

P-wave velocity 4.69 km/s 4.69 km/s NBN EN 12504-4 

Tensile strength 4.4 Mpa 3.3 MPa NBN B 15-211 

Young's modulus 36 Gpa 32 Gpa NBN B 15-203 

Poisson coefficient 0.391 0.16 / 

Shrinkage (after 6 months) 420 µm/m 380 µm/m NBN B 15-216 

Thermal dilation (10-60°C) 8.0 x 10-6 °C-1 7.5 x 10-6 °C-1 / 

Permeability (water) 2.9 cm³ 2.1 cm³ NBN B 15-222 

The values above are average values. When looking at individual samples, it is observed that samples taken 
near the top of the beam show somewhat lower values for density, P-wave velocity, Young's modulus and 
somewhat higher values for permeability. This could point to a slightly lower quality of the concrete near 
the top, possibly due to segregation. No variation of compressive and tensile strength was, however, 
observed. Microscopic analyses are underway to clarify these observations. 

 

                                                      
1 The results showed an important amount of dispersion, especially those on SCC samples. Moreover, literature 
values are comprised between 0.15 and 0.20. Consequently, the obtained results should be interpreted with care 
and another experimental method will have to be applied to confirm or invalidate these results. 
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Other important tests were carried out to assess the time-dependent concrete behaviour at young age, which 
depends on the hydration rate: compressive and tensile strengths, Young’s modulus, creep and possible 
variations in dilatation factor, and specific heat. Adiabatic and isothermal behaviours were also measured as 
well as the endogen shrinkage. The young age behaviour data is implemented at Ghent University through 
a 3D model. 

 

2.2 Filler and concrete end piece: small-scale tests 

The prefab shell (concrete buffer) can be constructed in normal workshop environment because the waste is 
not yet present. The shell inner face is slightly conical to allow for easy demoulding of the central 
formwork so that the width of the annular gap is not constant. The next step, the filling of the annular gap 
between the overpack containing the heat-emitting waste and the concrete buffer, is technically more 
challenging. Indeed, the inserted waste will generate a significant amount of heat. Temperatures up to 
100°C can be expected at the overpack-filler interface, thus influencing the behaviour of the filler material.  

Two material types were considered as filler: a cementitious grout (liquid mortar) or a powder (e.g. 
portlandite – dry product). The powder option has been disregarded owing to the difficulty of insuring a 
homogeneous product along the height of the shell without the use of hazardous annular compaction 
technique in a hot cell. The “silo” effect would prevent optimum quality during placement. On the other 
hand, the grout option is easier to apply but the hot overpack is expected to modify the normal hydration 
process during the first hours of the operation. 

To evaluate potential grouts and installation techniques, small-scale tests will be conducted under relevant 
temperature and geometric conditions. For these tests, hot cell conditions will not be mimicked. The key 
issues to be studied are the following: 

• Finding an appropriate combination of materials and installation techniques; 

• Optimization of the dimensions of the annular gap for this combination; 

• Interaction between fresh, non-hardened grout and the heat source.  

Basic composition requirements for grout have already been discussed such as: 

• CEM I HSR LA cement compatible with the cement of the buffer; 

• Avoid silicabased components (alkali-silica reactions, high pH); 

• Low SO3 content to avoid delayed ettringite formation (DEF) and subsequent filler expansion; 

• Alumine content must be controlled to avoid hydrogarnet formation; 

• Sulphur content (sulphonate) superplasticiser such as naphtalene is forbidden (corrosion of the 
overpack). 

The small-scale test apparatus is shown on Figure 4 (the gap itself is highlighted in red) and will make it 
possible to choose the optimum composition by measuring the porosity, strength, Young’s modulus, 
shrinkage, density and thermal conductivity. The initial temperature will be fixed at 60°C, 80° C and 100 
°C. An important parameter to be considered is whether pouring a cementitious grout around a hot carbon 
steel surface could have a negative impact on the quality of the filler/overpack interface (same passivating 
properties of the oxide layer formed at high temperature and at room temperature). For this purpose, 
Electrochemical Impedance Spectroscopy (EIS) measurements will be carried out to study the properties 
of the passive film formed on carbon steel. 

The next stage will focus on the filling quality itself on a full scale regarding the height and with particular 
attention to the bottom space between the overpack and the shell. The proposal is to have a convex 
overpack shape to avoid air traps. 
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Figure 4: Small-scale test set-up. 

The closure procedure for the Supercontainer construction (top lid) has not yet been chosen. Various 
mechanisms are envisaged, mainly the choice between end pieces that are precast or cast immediately in 
the Supercontainer (Figures 5). Again, the closure of the Supercontainer will have to be performed under 
hot cell conditions which impose certain constraints but these will only be investigated at a later stage 
(Section 2.2.4). The advantages of the precast option are the high quality control of the concrete by 
avoiding hot cell casting. Drawbacks are the joint quality between the shell and the lid as well as the steel 
corrosion of the bolts. 

 

Figure 5:Various mechanisms envisaged to close the Supercontainer. LEFT and MIDDLE LEFT: 
Precast systems; MIDLLE RIGHT: Full cast system. RIGHT: Mixed solution. 

Cast concrete provides better contact but implies remote concrete pouring, curing problems owing to to the 
contact with the overpack high temperature and behaviour uncertainties in case of an accidental fall.  

The current proposal is a mixed solution (Figure 5, right) compatible with radiological protection, 
dynamic resistance and contact quality. A precast steel/concrete piece (steel in black) is first placed 
providing radiological shielding and limiting temperature. Concrete is then poured in the joint outside the 
hot cell. 

Tests will be performed to verify the quality of the hydraulic joints, shrinkage and constructability. 

 
2.3 Filler and concrete end piece: large-scale heater test 
The small-scale tests and related research will result in a composition for each of the cementitious 
components: concrete buffer, filler and the end piece. In the next step, a large-scale surface test will be 
conducted. The experimental sequence will be according to the construction planning of an actual 
Supercontainer (see Figure 2). Post-mortem analyses after several months of heating will be performed. 
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2.4 Prototype construction 
In a last step, a prototype Supercontainer will be constructed. Hot cell techniques will be simulated to 
emplace the overpack and the filler.   

 

3 Backfilling of the Disposal Galleries 
 

3.1 Materials and emplacement techniques 
Two different types of materials are considered to backfill disposal galleries: a grout as reference 
material and granular materials as potential alternative. According to the role of the backfill material 
mentioned above, the choice of materials and emplacement techniques is limited by a number of long-
term safety and operational feasibility requirements: 

• The backfill may not disturb the corrosion-protective environment of the overpack established by 
the Supercontainer concrete buffer. It may not contain corrosive species, such as reduced sulphur, 
chlorides, or tend to bring down the high pH of the concrete buffer; 

• The backfill material may not act as thermal isolator. Its thermal conductivity must be high enough 
to prevent the overpack temperature from ever exceeding 100 °C. A minimum value of 1 W/m°C 
is set; 

• The type and quantity of organic materials (superplasticisers, …) introduced by the backfill must 
be limited to prevent as much as possible the formation of migration-enhancing complexes 
between radionuclides and soluble organic compounds. Cellulose-based materials in particular 
exhibit this problem; 

• The backfill material must exhibit mechanical qualities enabling it to be pumped or projected into 
the gap.  For a grout, this means it must be fluid enough (and maintain sufficient fluidity during the 
entire operation). 

 
A maximum value of 10 MPa was set for the compressive strength to maintain the retrievability option 
open. Such value should allow for removal of the backfill by using high-pressure beam technology. 

 

3.2 Experimental programme 

The experimental programme was carried out on the site of the EIG EURIDICE in the framework of 
the EC ESDRED Project. It included: 

• The development of  material that met the requirements, reduced scale test (June 2006) and a full-
scale test (April 2008) to verify the backfilling operations with this material; 

• Reduced scale tests (September 2006) to verify the emplacement of various granular materials. 
 

3.2.1 Backfill tests with a grout 

The grout backfill material was developed by BASF Chemical Construction (Ham, Belgium). The result 
was a material composed by CEM I 52.5 N HSR LA, Limestone powder (CaCO3) from Carmeuse, 
calibrated river sand 0 - 4 mm, washed and dried and as an additive, superplasticiser Glenium® 
(polycarboxylate ether-based material). Laboratory tests performed by BASF indicated a pH higher than 
13.5, and a compressive strength after 28 days of 7.8 MPa. With a density of 2.2, the thermal conductivity 
was expected (but not measured) to be higher than 1 W/mK. Normalized gutter tests proved the grout 
sufficiently fluid to be pumpable over 30 m at a water-cement ratio around 1.40. 
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The main objective of the reduced scale test was to prepare the large-scale test by verifying the 
emplacement procedure of the developed grout under representative temperature conditions. It 
consisted mainly in verifying: 

• The number of injection tubes needed (related to the workability of the material), their length and 
position to optimize the filling rate; 

• The volume and, if present, the longitudinal distribution of the remaining voids; 

• The homogeneity of the material after hardening (to confirm the presence or absence of 
segregation) and quality of the contact of the backfill material with the Supercontainer and the 
gallery lining (presence of shrinkage,…).  

A reduced scale mock-up was constructed simulating, at scale 2/3 regarding the diameter and on a 
length of one Supercontainer (5 m), a section of a disposal gallery (Figure 6) The gallery wall was 
simulated by two reinforced concrete pipes with an inner diameter of 2 m and closed at both ends with steel 
casings. The Supercontainer was represented by a 5 m long steel tube, with an external diameter of 1.3 m, 
placed on a concrete floor whose shape is similar to the actual one. The central tube was filled with sand to 
obtain a thermal inertia representative of the concrete buffer of a Supercontainer and heated from the inside 
by means of an electrical resistance wire. The heat flow was regulated to achieve a temperature of about 
50°C at the surface of the tube. This is the calculated temperature at the surface of the Supercontainer just 
before backfilling. During injection, the linear heat power was set at 250 W/m. The injection took place 
from below to avoid segregation of the grout material. In the groove, a steel injection tube (∅ = 3” ; L = 
3.75 m) was placed through which grout can be pumped. To enable the grout to rise up into the space of the 
annular gap, the floor was provided with 2 x 3 elbow holes (∅ = 10 cm). To avoid problems with the grout 
(hardening in the main tube for instance), malfunction to the injection tube, or in case the injection from 
below proved to be unsuccessful, two reserve injection tubes (∅ = 2.5” ; L = 2.5 m ) were mounted on the 
upper part of the concrete floor. On top of the concrete pipe, as close as possible to the entry point, a 
venting tube was mounted to enable the air to escape as the gap is gradually filled with grout. The mock-up 
was thermally isolated with rock wool.  

To monitor the evolution of the grout properties, the mock-up was instrumented with temperature sensors 
(Pt-100), TDR and strain gauges (hardening time), and thermal conductivity sensors. 
 

 

Figure 6: Mock-up for grout injection test. LEFT: Mock-up before emplacement of rock wool and 
sand around the heater. MIDDLE: Mock-up with isolation cover during injection. RIGHT: Filling 

obtained after removal of the heater and slicing off. 

The grout preparation (with two 380-liter concrete mixers working simultaneously) and emplacement 
occurred uninterruptedly with an average flow rate of 3 m³/h. Only the main injection tube installed 
below the central tube was necessary showing that the developed grout (water-cement ratio of 1.34) had 
adequate rheological properties, also for an injection under thermal load. The material had sufficiently 
hardened to remove the casing after four days. A filling rate of 100% was achieved (FIGURES 1-6 
RIGHT) and the contact of the grout with the central tube was perfect. The distribution of the aggregates 
of the mortar was very homogeneous. No segregation of the grout occurred.   
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Compressive strength and the thermal conductivity measured on core bores taken from the mock-up 
indicated values of respectively 12 MPa and 1.6 W/m°C (for dried samples). The high value of the 
thermal conductivity associated with the absence of segregation should enable the target value for the 
compressive strength (10 MPa) to be achieved by slightly increasing the water-cement ratio. 
Consequently, it was decided to maintain the same grout composition for the full scale test.   

The full-scale test reproduced at scale 1/1 (30 m long and 3 m diameter) the operations mentioned above. 
Except for the dimensions, the design of the mock-up (Figure 7) was similar to the reduced one. The 
steel tube was heated at 62° C to be conservative in comparison with the actual thermal conditions. The 
floor was provided with eight (2 x 4) notches with a width of 1 m to enable the grout to rise. In addition to 
thermal sensors and strain gauges, 11 level sensors were installed at the top of the mock-up to monitor the 
filling of the last 20 cm (distance between the top of the steel tube and the intrados of the concrete pipes). 
The grout (dry mixture was packaged in one ton bigbags) was mixed with water in three trucks.   

 
Figure 7: Full-scale mock-up. LEFT: Assembly of the concrete pipes. MIDDLE: Insertion of the 2m 

diameter steel tube. RIGHT: Front face of the mock-up with the various injection tubes. 

The following preliminary conclusions can be drawn from the preparatory works and the test itself: 

• It is possible to prepare and inject about 85 m³ in seven hours (average flow rate of about 12 m³/h) 
by using only one injection pipe (∅ = 4.5” ; L = 25 m) placed below the steel tube. After a halt of 
about one hour to replace the malfunctioning pump, the backfilling operation was carried on 
without problem; 

• The logistic of grout preparation is a critical issue. In an actual repository, it will probably not be 
possible to prepare the backfill material in the underground installations. The material will have to 
be prepared aboveground and injected via pipes through the shaft and access galleries into the 
disposal galleries; 

• The filling rate is estimated at 98% to 99%, which is higher than the previously established success 
criterion. The thickness of the void at the top varies from 0.1mm at the back end to 5 cm at the 
front. The imposed profile is thus appropriate. By continuing injection, a 100% filling could 
probably be obtained. These results will be confirmed by taking core borings and by cutting slices.    
 

3.2.2 Backfill tests with granular materials 
The emplacement of granular backfill materials by projection was also tested as an alternative for grout 
injection. The various tested materials were: 

• Pure MX-80 bentonite (powder); 

• sand/cement mixture (95/5 wt.%) ; 

• sand/MX-80 bentonite mixture (25/75 wt.%); 

• MX-80 bentonite/cement mixture (50/50 wt.%). 
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These materials, and the composition of the mixtures, were selected based on the quality (dust limitation, 
cohesion, limitation of water outflow,…) and the homogeneity of the projected materials (visual 
observations). Two types of dry gunite machines were tested: a standard one and the so-called ‘Silo 
Clever’. The latter was chosen for the experimental programme because of its functioning principle: the 
water flow rate does not need to be continuously regulated.   

A mock-up similar to the reduced scale mock-up used for grout injection but without heater (Figure 8, left) 
was constructed. One of the main challenges was to automate the backfilling operation. A projection wagon 
was developed (Figure 8, middle)). It was provided with wheels in order to move on the upper surface of 
the concrete floor. The projection hose was allowed to perform a circular movement around the dummy 
Supercontainer. Furthermore, in order to fill the dead angles (contact between the dummy Supercontainer 
and the concrete floor) and because of the irregular width of the annular gap, the hose was provided with a 
multidirectional system (two perpendicular hydraulic pistons – Figure 8, right). 

The projection wagon proved to be very robust. The tests were an operational success bentonite based 
materials. For the sand-cement mixture, however, a serious degree of segregation (and slope) was observed, 
with cement remaining at the top of the gap, and sand in large concentrations at the bottom. Measurements 
on some borehole samples taken after the test revealed a thermal conductivity in the range between 0.6 and 
0.8 W/°C-m. This is relatively low, but not too low to reject these materials at this stage of the development 
process.  

 

Figure 8: Tests with granular materials. LEFT: Reduced scale mock-up. MIDDLE: Hose mounted on 
the wagon. RIGHT: Projection of pure bentonite. 
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