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Demonstration of the Concept for High-level Waste Disposal through a real-scale mock-up 

J. VERSTRICHT and B. DEREEPER

Waste and Disposal

SCK•CEN, Boeretang 200, 2400 Mol, Belgium

C. GATABIN 

CEA/DCC/DESD

CE Saclay, 91191 Gif-sur-Yvette, France

and

L. VAN CAUTEREN

NIRAS/ONDRAF, Place Madou 1, 1210 Brussels, Belgium

ABSTRACT

To prepare for an in situ demonstration of the current Belgium concept for vitrified High-Level Waste (HLW) disposal (PRACLAY programme), an experimental set-up at the surface has been constructed. This set-up simulates a 5 m long section of a waste disposal gallery. During the design of this mock-up, several issues from the concept had to be translated into working solutions, such as the development of the backfill material. After construction, hydration of the backfill started in December 1997, followed by a heating (June 1998) to simulate the heat generation of the waste forms. Thermal isolation and external heating are installed to approximate the expected in situ thermal conditions. Various sensors monitor the thermal, hydraulic and mechanical aspects. The current measurements suggest a saturation period of two years, while the thermal conductivity is better (higher) than expected, with a temperature of 120 °C on the central tube to 95 °C on the backfill-lining interface.

1 Introduction

In the framework of the demonstration programme "PRACLAY" for the current Belgian concept for HLW disposal [
], the Belgian nuclear research centre SCK•CEN is running a mock-up test under contract with the Economic Interest Grouping PRACLAY. The concept considered consists, as shown in figure 1, of a horizontal network of galleries. A typical disposal gallery is constructed from a concrete segment lining (0.25 m thick, 2.00 m inner diameter), with a 0.46 m inner diameter central tube containing the waste forms. The annular space between lining and central tube is backfilled with clay-based precompacted blocks. The heat dissipation of the waste forms causes a temperature increase of the galleries and the surrounding host clay formation, as discussed in the next section. 

A field demonstration is planned for the next years, in which a disposal gallery will be simulated (from excavation to heating) on real scale, with the gallery length limited to 30 m. The results from the current mock-up test will give valuable input data (such as backfill material and instrumentation) for the final design and operation of this field test, which will be performed in the extension (under construction) of the HADES underground research facility in Mol. 
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Fig 1.  Concept consists of horizontal gallery network with multiple engineered barriers

2 Design of the experimental set-up

The implementation of the concept data into an experimental set-up required theoretical and technical investigations on aspects such as confining structure, thermal conditions, backfill material, instrumentation, which we will discuss here in some more detail. All technical specifications about the mock-up can be found in [
].

Confining structure

To simulate an underground gallery at the surface, we started from a cylindrical tube (2 m inner diameter, 5 m long and closed by two end covers), to replace the concrete segment lining, further called jacket. The central tube, closed at one end and open to the environment at the other side, houses the heating elements. The structure is thermally isolated by wooden support blocks from the floor. The space between central tube and jacket is hermetically sealed from the environment. Water for hydration of this space is injected by 16 porous tubes mounted at the inside wall of the jacket.

Thermal conditions

The mock-up should be representative for the field test, which on its turn should approach the temperatures around a "real" disposal gallery. As the maximal temperatures will only be reached after some 10 years of heating, an increased heating power (450 W/m vs. 365 W/m considering a 50 year cooling time of the waste canisters) will be applied to obtain the same temperatures after only three years, which is the heating period for both tests. As can be seen in figure 2, this maximum temperature increase will reach 105 K at the backfill-lining interface (r = 1.0 m), while the maximal increase in the clay host rock is less than 90 °C (actual temperatures are obtained by adding 15 °C, which is the base temperature of the clay host rock at the depth considered). To apply these conditions to the mock-up, we have added thermal isolation to the mock-up, complemented with an external heating system for fine tuning of the boundary temperatures, as described in [
] .

The lower thermal inertia of the mock-up, compared with the in situ set-up, will cause a faster temperature increase, while the elevated power output gives a higher temperature gradient  across the backfill material. The conditions are more conservative than those expected to prevail at the disposal site and are therefore considered to be on the safe side of the real situation.
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Fig 2.  Temperature evolution during 3-year heating of the PRACLAY gallery (in situ test) – both in the central section and at 5 m from the gallery centre; semi-analytical and finite difference-results are in good agreement.

Backfill material

The space between the central disposal tube and the lining is to be backfilled with a swelling material to provide some sealing effect. Due to the horizontal nature of the concept, precompacted blocks were considered as the most appropriate form. They have been engineered by CEA/DCC/SESD taking into account swelling pressure, thermal conductivity, and handling [
]. The elevated Ca-smectite content gives the FoCa-clay, used for the blocks, its swelling characteristics. The swelling pressure depends on the dry density of the clay, and this is in part determined by the compaction load applied during manufacturing, and the swelling volume. The dry density is also modified by substituting part of the clay by an inert material (quartz sand), which allowed high compaction pressures (61 MPa) so that robust blocks were obtained. The thermal conductivity  has been increased by the addition of graphite powder. The composition has finally been fixed at 60 % (mass) of FoCa-clay, 35 % of sand and 5 % of graphite. The main characteristics of the blocks after production are given in Table 1.

Table 1. Main characteristics of the backfill material (average values)

	grain density, kg/m³
	2 649

	apparent density, kg/m³
	2 260

	water content, % of dry mass
	7.7

	dry density, kg/m³
	2 098

	porosity, %
	20.7

	saturation degree, %
	78.9

	water content at saturation, % of dry mass
	9.8


Instrumentation

The temperature field is monitored by 100 thermocouples, most of them arranged in 3 radial and 2 longitudinal sections in the backfill, while others are situated on the heating elements (located in the central tube), and on the external jacket structure. In addition, many other sensors are equipped with temperature sensors for thermal compensation purposes.

Internally, piezometers and humidity sensors follow-up the hydration of the backfill material, complemented by sensors (pressure and level) on the external hydration system. The level allows us to monitor the total water consumption and the flow rate.

The swelling of the backfill is the main mechanical oriented phenomenon to occur in the mock-up set-up. Therefore we measure it direct through total pressure sensors located inside the backfill, as well as indirect through the deformation of the central tube and external jacket by means of strain gauges.

3 Operation and results

After assembly of the set-up, hydration started in December 1997. The water used for hydration is based on demineralized water, with NaHCO3 added at a concentration of 1.170 kg/m³ to approximate the composition of the natural Boom clay water. First we filled the voids around the blocks (some 1.5 m³), which took us only some 20 minutes. After this phase we gradually increased the water supply pressure up to 1.0 MPa. In June 1998 we switched on the heating. The resulting temperature increase is shown in figure 3, where the temperatures in the middle section (from central tube to jacket) are shown. After the initial increase, we observe two additional changes due to the external heating system to keep the temperature at the external backfill boundary at a fixed level. The temperature gradient over the backfill is smaller than what could be expected from the original thermal conductivity (2.5 W/mK); this may indicate that heat transfer is not only governed by conduction, but that other phenomena may explain this high apparent conductivity of 4 W/mK.
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Fig 3. Temperature increase across the backfill in the central section

The backfill pressures (Fig. 4) show a different behaviour for the sensors located at the outside (PT5, PT8 and PT9) and those near the central tube (PT7, PT2). The outer sensors follow the externally applied pressure increases (with some delay, depending on the distance form the hydration tubes), while the inner regions, not yet hydrated, are hardly influenced by the externally applied pressure. The large peak is due to the pore water expansion at the start of the heating. At that moment, the water supply was closed from the mockup, so that the expansion resulted in a large pressure increase. When hydration became the dominant factor, pressure decreased again down to the original value of 1 MPa.
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Fig 4. Evolution of the backfill pressures since the start of the hydration

4 Perspectives and conclusions

After the heating (and subsequent cooling) phases, we plan the dismantling of this set-up. This will allow us to analyse the backfill material (such as mineralogical or chemical alterations, and swelling properties) due to the thermal loading; other analyses concern corrosion processes and instrumentation performance. This analysis will therefore allow us to better understand the current measurements, and to improve various aspects of the in situ test set-up.

One of the first experimental results of the mock-up are the good thermal properties of the backfill material, hardly influenced by hydration; complete saturation is therefore not needed from a thermal point of view. Other phenomena may however occur in unsaturated media in a thermal field, and a better understanding of these phenomena may prove useful. It will give us also an indication on the necessity of an artificial, accelerated hydration, which currently is part of the disposal concept.
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