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Abstract 
 

In the framework of the ESDRED Project, a consortium, called GME, dealt with the study and 
development of all required industrial processes for the fabrication of scale-1 buffer rings and discs, as 
well as all related means for transporting and handling the rings, the assembly in 4-unit sets, the 
packaging of buffer-ring assemblies, and all associated procedures. In 2006, a 100-t mould was built in 
order to compact in a few hours 12 rings and two discs measuring 2.3 m in diameter and 0.5 m in 
height, and weighing 4 t each. The ring-handling, assembly and transport means were tested 
successfully in 2007. 

1 Introduction 
 

This paper is a digest on the development of Module 1 of the European ESDRED Project (E.C. Project 
supported within the 6th framework program). The objective of the Project itself is to develop and 
manufacture an engineered barrier designed to line horizontal cells in order to demonstrate the technical 
feasibility of such concept for radioactive-waste-disposal purposes. Module 1 focuses on the 
development and manufacturing of scale-1 bentonite-based rings and discs, as well as all associated 
gripping, handling, assembling (in four-unit sets), transportation and conservation means. 

The French National Radioactive Waste Management Agency (Agence nationale pour la gestion des 
déchets radioactifs – ANDRA) executed a contract with a consortium (groupement momentané 
d’entreprises – GME), including the French Atomic Energy Commission (Commissariat à l’énergie 
atomique – CEA) and two companies, MINÉRAUX ET PRODUITS CHIMIQUES (MPC) and 
SEGULA INGÉNIERIE with a view to manufacturing and testing the rings. The role of the consortium 
was to develop all required industrial processes for the fabrication of scale-1 buffer rings and discs, as 
well as all related means and procedures. 

The project started in July 2004 by the creation of a working group at the CEA’s instigation. The 
working group developed a strategy in response to a call for tenders by ANDRA. As the foundations of 
the GME took shape, the CEA’s Legal Services, SEGULA TECHNOLOGIES and MPC drafted a 
convention by which the three companies agreed to work in close relationship throughout the project, 
which ended in mid-2007. 

The initial challenge was to find a suitable compacting device capable of applying a pressing force of 
40,000 t. Investigations concluded on the possibility of conducting compaction operations by using the 

press at AUBERT & DUVAL ( 

Figure 1), at the INTERFORGE plant, in Issoire (France), where activities are mostly metallurgical in 
nature and where the press has a very heavy load plan. 
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ANDRA accepted the technical arguments of the GME and enacted the contract on 4 April 2005. The 
GME launched investigations in preparation for the preliminary project brief on the mould and initiated 
studies on the clay material (Paysan et al., 2007). 

2 Buffer Definition 
 

The main specifications of the buffer cover hydraulic conductivity (10-12 m/s), thermal conductivity 
(1.2 W/m·K) and gas permeability. The physical properties of the buffer, such as specific gravity, 
swelling pressure and composition, are derived from those specifications. 

A complete laboratory-scale thermohydromechanical (THM) study carried out during 2005 proposed a 
buffer formulation based on a compacted mixture of 70% MX80 bentonite and 30% sand, with a water 
content of the powder in the order of 12% and a compaction pressure of 80 MPa (Gatabin et al., 2006). 
The addition of sand to the bentonite generates two main effects: a significant increase of thermal 
conductivity and a limitation in the swelling ability of the buffer.  

The resulting compacted material has a bulk density of 2,200 kg/m3, a dry density of 1,960 kg/m3, a dry 
density of clay in the mixture of 1,770 kg/m3, a thermal conductivity close to 1.5 W/(m·K) and a 
residual swelling pressure equal to 2 MPa after a 20% expansion of its volume (Table 1). The weak 
hydraulic conductivity of the MX80 is slightly affected by the presence of sand and remains lower than 
10-13 m/s. Nevertheless, the formulation proposed is certainly not the only option. Naturally, the 
decision to select that formulation does not take only into account specifications in terms of the THM 
performances of the material, but also its capability to be produced industrially, including the resistance 
of the mould, homogeneity, post-swelling and the conservation of the compacted rings. 

Various tests were conducted on the compacted material at both laboratory and industrial scales, and 
provided useful information for the design and fabrication of the scale-1 ring-compaction mould, such 
as the quantification of post-swelling or a polytetrafluoroethylene (PTFE) spray for stripping purposes. 

Table 1: Summary of data on ESDRED buffer material 

 Measured Contract specifications 

Components of the ESDRED material 

ρs MX80 WH2 2.78 g/cm3 Sodic bentonite 

ρs sand TH1000 2.65 g/cm3 Not specified 

Selected ESDRED mixture 

Composition 70% MX80, 30% sand 70% MX80, 30% sand 

Water content of the mixture W ≈12% W ≈10% 

Water content of the clay in the mixture Wclay ≈ 17% Not specified 

ESDRED compacted material 

Compaction pressure 80 MPa Not specified 

Bulk density ρ ≈ 2.2 g/cm3 ρ ≈ 2.0 g/cm3 

Dry density ρd ≈ 1.96 g/cm3 ρd ≈ 1.8 g/cm3 

Dry density of the clay in the mixture ρdclay ≈ 1.77 g/cm3 ρdclay ≈ 1.65 g/cm3 

Degree of saturation Sr ≈ 83% Sr ≈ 80% 

THM parameters 

Thermal conductivity λ ≈ 1.56 W/m·K λ ≈ 1.2 W/m·K 

Swelling pressure at constant volume Ps ≈ 28 MPa Not specified 

Swelling pressure with a 10% volume addition Ps ≈ 6.9 MPa Not specified 

Swelling pressure with a 20% volume addition Ps ≈ 2.0 MPa 0.5 < Ps< 1.5 MPa 
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 Measured Contract specifications 

Hydraulic conductivity at constant volume kw ≈ 8 x 10-15 m/s kw < 10-13 m/s 

Hydraulic conductivity with 15% volume expansion  
(ESDRED design, ρd ≈ 1.7 g/cm3) 

kw ≈ 10-13 m/s kw < 10-12 m/s 

Compressive strength σc ≈ 8 MPa σc= 9 MPa 

Tensile strength σct ≈ 0.9 MPa σct ≈ 1 MPa 

Young modulus E = 1.3 GPa Not specified 

Poisson ratio ν = 0.15 Not specified 

Gas permeability, unsaturated conditions Kg = 1.4 10-15 m2 Not specified 

Gas permeability, saturated conditions Not available Not specified 

 

3 Preliminary Fabrication Phase 
 

3.1 Geometrical characteristics of rings and discs 
The scope of work included the design, fabrication, packaging, supply and delivery of buffer rings and 
discs (to be assembled in sets) with the following geometrical characteristics:  

• 50 cm thickness, 

• 2.27/2.28 m (± 5mm) external diameter, 

• 0.673/0.675 m (± 5mm) nternal diameter. 

The estimated mass of a ring was approximately 4 tonnes. 

 

3.2 Press 
The press was the essential component of the project (Figure 1). It must not only have the sufficient 
pressing capacity, but it must be able to accommodate under its arcade a mould whose dimensions 
allow to produce a ring measuring 2.3 m in diameter, while supporting a vertical constraint of 80 MPa. 
Moreover, the press environment must be adapted to the handling of very heavy and bulky items. Since 
the press at Issoire fulfils all those criteria, the GME met with Aubert & Duval in order to present the 
project to them and to convince them to dedicate a few hours of production time on their press to the 
fabrication of rings and discs. AUBERT & DUVAL accepted the challenge and its Engineering and 
Design Department worked in close co-operation with the GME to provide both its experience and the 
necessary assistance to the design of the mould, as performed and calculated by SEGULA. 

 

3.3 Mould 
As the process took shape, so did the architecture of the mould. The GME carried out a technological 
watch for cost-optimisation purposes, after the price of raw materials (especially steel) escalated during 
the first half of 2005. Those events led the GME to orient the design of heavy-tonnage items towards 
cast iron instead, in order to reduce both purchasing and machining costs. Manufacturing the mould 
was divided into several steps.  
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Figure 1: 65,000-t press of INTERFORGE, Issoire, France. 

 

3.3.1 Fabrication of mould components 
FERRY-CAPITAIN was in charge of making the essential parts of the mould. Manufacturing took 
place from October 2005 to February 2006. Cast-iron pieces as well as the upper and lower plates were 
cast from a polystyrene model (Figure 2) and installed on the press. The upper plate was the major 
piece of the mould and included a piston on which a thrust plate made of special steel was attached. 
After stripping, the resulting blanks were treated thermally and descaled before machining. 

 

Figure 2: Polystyrene model of upper plate. 

The 350-mm-thick steel body mould weighing approximately 30 t (Figure 3) was cast in one piece An 
abrasion-resistant interior lining made of special steel was also cast in one piece before being fretted in 
the mould body. 
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The mould was designed to produce solid rings or discs. In order to move on from the nominal ring 
configuration to the disc configuration, the removable central core was taken out. A cover was then 
inserted where the core stood, while a plug clogged the internal hole of the upper plate’s piston. Those 
three mould components were also manufactured by FERRY-CAPITAIN. 

3.3.2 Machining, assembling and blank test of the mould  
LE CREUSOT MÉCANIQUE was selected by the GME to assemble the mould and to ensure its final 
set-up.  Blanks were conveyed by road to Le Creusot (France) where considerable planning, machining, 
assembling and fine-tuning work was undertaken (Figure 4). Columns and limit stops, as well as 
gripping points and hoisting or handling devices were installed, together with a material de-airing 
device, based on a network of sintered stainless-steel discs connected by grooves in the upper and lower 
plates. Lastly, a foot-walk was built on the bottom part of the mould in order for personnel to move 
safely on the mould. The entire mould weighed approximately 100 t.  

 

 

Figure 3: Mould body, raw state 

 

Figure 4: Machining of the mould body 
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ANDRA, together with experts of CLAY TECHNOLOGY, attended the factory-acceptance meeting at 
Le Creusot, at the end of May 2006 (Figure 5). All those operations took place between February and 
June 2006. 

 

3.4 Auxiliary components 
Two main auxiliary components were developed in parallel to the mould fabrication, the stripping kit 
and the vacuum-cup handling device. Their principle was first calibrated by laboratory tests. They are 
both multi-functional. In parallel, the GME managed the design, realisation and set-up of other means, 
such as the turn-around station, specific tools, containers, pallets, etc. 

 

 

Figure 5: Mould-acceptance test 

3.4.1 Stripping kit 
The stripping kit is composed of a metallic structure for heavy loads, including a “thrust plate” moved 
by six hydraulic jacks generating a force of 6 × 75 t with a 150-mm stroke (Figure 6). A remote-control 
mounted hydraulic generator feeds the jacks. Hooked to the travelling crane, the stripping kit is 
connected to the mould body and the central core (ring configuration) for lifting purposes.  

The unit composed of the mould body, the central core and the compacted ring is first raised from the 
lower plate, and then moved by the overhead travelling crane. The ring is released by the jacks on the 
thrust plate. 
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Figure 6: The stripping kit (first design) 

3.4.2 Vacuum-cup handling device  
After testing several vacuum-cup models, it was decided to build a device capable of lifting a ring or a 
disc by the suction of vacuum cups. The apparatus includes 30 vacuum cups divided into two separate 
networks each equipped with a vacuum pump mounted on the apparatus (Figure 7). Its total capacity is 
approximately 7 t. Its use on the pressing site proved delicate and time-consuming; it also generated 
problems during the fine-tuning phase. However, it proved perfectly adapted during the subsequent 
phases involving the turning-over of the rings from horizontal position to a vertical one. 

 

 

Figure 7: the vacuum-cup handling device 
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3.4 Preparation of buffer material 
In order to manufacture the rings and discs prescribed in the contract (i.e., 12 rings and two discs), 
MPC, on behalf of the GME, supplied 80 t of MX80 bentonite and 20 t of sand. From those raw 
materials, it was necessary to prepare proper mix charges in advance and to adjust their water content in 
order not to loose time on the production site. That implied that charges be weighed correctly and 
stored in waterproof big bags. Hence, for every mix batch prepared in MPC workshops, four or five 
samplings were made. Samples were analysed in the CEA laboratories in order to verify the sand and 
water contents of the mix, as well as the efficiency of the mixer (homogeneity). After a short fine-
tuning phase, the entire production was able to take place without any problems. 

The big bags were transported with no further conditioning to the production site; they represented a 
full sub-multiple (⅓, i.e. 1,373 kg) of the value of the required charge for the fabrication of a ring 
(4,120 kg). Since no weighing and no adjustment were possible on the production site, the pressing of 
every ring required exactly three big bags. 

4 Fabrication of Buffer Rings and Discs 
 

4.1 Testing compaction phase  
All relevant means were transferred to Issoire for the first pressing set-up, on 12 June 2006. The 
experiment generated a single ring, helped to identify the required evolutions of the process and 
constituted the first experience for all GME and INTERFORGE partners. 

The problems encountered during the second pressing test on 3 July 2006 led the GME to make 
important decisions regarding the evolution of the mould behaviour, associated means, press use and 
teams. The mould and the stripping kit were sent back to Le Creusot Mécanique in order to be modified 
in accordance with GME specifications. In parallel, the GME and INTERFORGE worked together with 
a view to optimising the press means and operations in general (Paysan et al., 2007). 

 

4.1.1 Analysis of ring No. 1 
Ring No. 1 was submitted to precise dimensional measurements, followed by a series of 16 vertical and 
transversal coring operations in order to control its geometry, to quantify residual post-swelling and to 
verify if the ring was homogeneous in density and water content. Results were very satisfactory: they 
showed a slight bulge of the upper face, which is probably due to the fretting of the mould, as well as 
an axial post-swelling of approximately 3% and an average dry density of 1.96 g/cm3, which is 
consistent with the expected value. However, a slight difference in density of 1.5% was observed 
between the upper and lower sections of the ring (Figure 8); it is probably due to the effect of single-
acting uniaxial compacting. 
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Figure 8: Results of core measurements expressed as the mean density of eight sections. 

4.1.2  Mould modifications 
Mould modifications essentially covered the piston section. The thrust plate installed initially on the 
upper plate’s piston was separated from it and reinforced. Equipped with degassing circuits, it is now 
placed directly on the material and serves as thrust plate during the stripping of the compacted ring. The 
limit stops were reduced in order to take into account the post-swelling measured previously, and the 
entire mould was verified and cleaned up. 

 
4.1.3 Stripping-kit modifications 
The feedback on the previous test run showed that the stripping kit was appropriate, but needed a longer 
stroke to ensure efficient and safe stripping within a short time. A second stage was added, consisting 
of six hydraulic jacks generating a force of 6 × 90 t with a 250-mm stroke.  

4.1.4 Process improvements 
The overall fabrication process was revised and improved. The use of a vacuum spreader on the 
pressing site was abandoned and stripping was performed directly on the transport pallet. An 
emergency process to lift the ring if it happened to slip during the hoisting of the mould body was 
developed. Plans called for the use of the press force to facilitate the work of the stripping kit. In order 
to achieve that goal, the mould body and the central core were lifted, 130-mm aluminium wedges were 
placed underneath and the mould was pushed back under the press. Thanks to the action of the press 
piston, each ring was press down by 130 mm. An effort of approximately 800 t was required and 
corresponded to the combined effect of mould body springback and friction. 

By taking into account feedback and timing constraints, the operating mode was described and timed 
carefully. At every key position, a GME operator was designated, and joint GME/INTERFORGE teams 
were constituted. Pressing times were optimised, although that item might have consequences on the 
quality of the resulting ring, since the objective was to produce all remaining parts prescribed in the 
contract within 16 h. 
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4.2 Main Production Phase 
The third pressing test took place between 5:00 and 21:00 on 18 December 2006, during which nine 
rings and two discs were produced (Figure 9 and Table 2). Production was continuous throughout the 
day with a reproducibility rate that guaranteed a sound homogeneity in the production. The GME 
restored the press hall to its initial operating conditions the next morning and shipped its entire output 
and means to the MPC Hall, at Limay, Yvelines Department, France. 

 

Figure 9: A ring immediately after stripping. 

The final outcome of the day was very positive. Once the time required for the configuration of the 
pressing site and the transition from the ring configuration to the disc configuration is deducted, the 
average pressing time of each part was 50 min. Direct logistics flow was impeccable; teams were both 
efficient and motivated, while 25 people, 10 semi-trailer vehicles and all handling means of the 
INTERFORGE site were mobilised for that one-day fabrication event. A dimensional control 
confirmed that rings and disks were consistent with specifications, which means that assembly and 
containering operations could start. 

Table 2: results of the total production of rings and discs measured 3 months later 

 
Total 

weight 
(kg) 

W 
mean 
(%) 

Applied 
stress 

(103 kg) 

Compaction 
pressure 
(MPa) 

Height 
(mm) 

Ø ext 
(mm) 

Ø int 
(mm) 

ρapp 
(Mg/m3) 

ρd  
(Mg /m3) Aspect 

Ring 1 4,119 11.8 30,232 62 515 2,286 695 2.15 1.92 + 

Ring 2 4,119 11.8 39,347 81 – – – – – Broken 

Ring 3 4,098 11.9 38,940 80 515 2,286 694 2.15 1.92 ++ 

Ring 4 4,071 12.1 39,200 80 513 2,284 693 2.13 1.90 OO 

Ring 5 4,119 11.5 39,783 81 503.5 2,285 693 2.20 1.97 +++ 

Ring 6 4,119 11.7 39,898 82 505 2,285 693 2.19 1.96 +++ 

Ring 7 4,119 11.8 39,925 82 503 2,285 694 2.20 1.97 + 

Ring 8 4,119 11.6 39,791 81 503 2,286 694 2.20 1.97 ++ 

Ring 9 4,119 12.0 39,676 81 503.5 2,286 694 2.20 1.96 ++ 

Ring 10 4,119 11.8 39,791 81 503.5 2,285 693 2.20 1.97 +++ 
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Total 

weight 
(kg) 

W 
mean 
(%) 

Applied 
stress 

(103 kg) 

Compaction 
pressure 
(MPa) 

Height 
(mm) 

Ø ext 
(mm) 

Ø int 
(mm) 

ρapp 
(Mg/m3) 

ρd  
(Mg /m3) Aspect 

Ring 11 4,119 11.7 40,133 82 503 2,285 694 2.20 1.97 +++ 

Ring 12 4,119 11.7 39,675 81 502.5 2,286 693 2.20 1.97 +++ 

Ring 13 4,119 11.7 39,762 81 503 2,286 694 2.20 1.97 +++ 

Disc 14 4,513 11.6 42,341 80 502.5 2,286 0 2.19 1.96 O 

Disc 15 4,513 11.8 42,755 81 502 2,285 0 2.19 1.96 +++ 

Legend: O damaged or cracked; OO strongly damaged or cracked; + slightly damaged or micro-cracked; ++ good; +++ very good. 

 

5 Ring Assembling, Handling and Packaging 
 

The purpose of Module 3 within the ESDRED Project was to develop an air-cushion pallet system 
capable of depositing in a single operation four rings or three rings plus a disc in a simulated disposal 
cell. It was the GME’s task to design and develop an assembly system, a handling system and a 
transport/disposal system for the constituted assemblies. All those activities were managed by 
SEGULA on behalf of the GME and carried out in parallel with previous operations with a view to 
having at hand compatible industrial tools with adequate specifications for Module 3. Set in place in 
2006, the tests were conducted successfully at the beginning of 2007. 

 

5.1 Dummy rings and discs 
Before the bentonite rings were actually pressed, it was necessary to validate all special handling and 
disposal means designed by the GME and dedicated to the handling of those parts, for both Modules 
Nos. 1 and 3. In order to achieve that goal, 10 ring and two disc dummies made of concrete, with the 
same mass and size as scale-1 bentonite rings, were fabricated. Those concrete parts assembled into 4-
unit sets were transported and used in order to test the air-cushion pallet of Module 3. Tests were 
successful. 

 

5.2 Assembling operations 
In order to carry out assembly operations, it was imperative to turn over the rings vertically and to 
transport them vertically before depositing them in their cradle. In order to fulfil those requirements, the 
assembly station included the following components: 

• a turn-over station consisting of a turn-over spreader and of structure components fitted on the 
ground; 

• the above-mentioned vacuum spreader, now equipped with two adjustable claws, and  

• a suitable cradle to accommodate four rings or three rings plus one disc. It should be noted 
that the cradle also forms a component of the transport container. 

Operations were performed according to the following sequence: 

• the vacuum spreader picks up the ring on the pallet; 

• the ring is transferred horizontally towards the turn-over station; 

• the ring, now resting on the claws, is tilted vertically, and 
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• the ring is taken over at the overhead travelling crane, transferred and placed in the cradle 
(Figure 10). 

 

Figure 10: Vertical transfer of a ring to the cradle  

5.3 Handling and packaging operations 
Once the four rings were placed in the cradle, the resulting set was secured by a device made of two 
cymbals placed on each side of the set and held together by six bolted tie rods. During transport, the 
overall package was covered by a tarpaulin strapped to the cradle (Figure 11). A waterproof cover was 
installed on the overall shipment and locked to the cradle. 

It was then possible to use a spreader in order to move and to deposit the resulting 4-ring set on the 
pallet of Module 3, as illustrated in Figure 12. 
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Figure 11: A 4-ring set before closing the container. 

 

Figure 12: 4-set rings handling device 
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6 Mechanical Tests on a Ring 
 

In order to verify the intrinsic mechanical strength of the rings and the possibility of handling them 
differently than with the processes developed for Module 1, a series of tests was conducted during the 
spring of 2007 on Ring No. 3 (Gatabin et al., 2007). It should be noted that the ring is not fully 
representative of the nominal fabrication, because it is slightly less dense. Mechanical-strength tests 
were carried out on the ring handled with a metal tube introduced in its centre, together with a degraded 
lifting mode (emergency mode). A diametral compression test was performed afterwards on the ring in 
order to know its splitting strength (Figure 13), which proved to be 0.9 MPa, a value in the order of 
magnitude of the intrinsic material. That value explains the sound reaction of the ring to the tests in 
spite of the large number of shallow fissures throughout its surface. 

Once the destructive test was over, measurements were taken on cores collected from the fragments of 
the destroyed core and showed that the ring was perfectly homogeneous under dry-density conditions; 
they also confirmed a sound consistency with splitting-strength and Young-module measurements that 
had been conducted beforehand on fabricated reduced-scale samples during the material-formulation 
and prerequisite characterisation phase (Gatabin et al., 2006). 

 

Figure 13: Tensile strength test on ring No. 3 

7 Conclusion and Future Prospects 
 

As a result of the success of the project, it was demonstrated that it was possible to manufacture 
industrially an engineered barrier consisting of prefabricated components that could be not only 
handled, assembled and transported thanks to the Module-3 demonstrator, but also deposited within a 
horizontal cell. The fabricated parts fully comply with specifications with regard to size and 
performance. The GME membership, which gathered complementary skills and means, and worked in 
total synergy, was one of the keys to that success. Andra, support of the project was also a help. 



International Conference 
Underground Disposal Unit Design & Emplacement Processes for a Deep Geological Repository 

16-18 June 2008, Prague 
 
 
 

10 - 15 

The fabrication or manufacturing means that were developed proved to be perfectly suited after some 
fine-tuning was performed. Naturally, a large number of issues could still be improved before moving 
on to industrial production, such as the construction of a dedicated press working with two alternating 
moulds, the automatic loading of the moulds, a stripping press, etc. 
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