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1. Introduction

In deep geological disposal project, which was selected to deal with high level radioactive (HLW) by massive countries, a multi-barrier
system would be constructed deeply underground to prevent the leakage of nuclide waste. Buffer material was paid great attention by
many scholars and bentonite was chosen as candidate buffer material because of its low hydraulic conductivity and high self-healing
capacity. Swelling pressures are crucial factors to evaluate self-healing capacity and were proved being affected by many elements
(e.g., Komine et al. 2009), such as dry density, saturation liquid and concentration.

Besides above mentioned factors, the temperature effect on swelling pressures of bentonites should be taken into consideration. Among
desporisitory period, the nuclide waste would decay continuously, inducing a great amount of heat. As JNC (1999) reported that, the
temperature in buffer material is around approximate. 20°C to approximate. 90°C. Therefore, it is necessary to research the temperature

effect on swelling pressures of bentonites.

2. Material, Equipment and Procedure

This study used a bentonite designated as Kunigel-V1 from Tsukinumo Mine, Yamagata, Japan. Kunigel-V1 was selected as candidate
buffer material for Japanese deep geological project. The swelling characteristics of Kunigel-V1 had been investigated by plenty of
researchers (e.g., Komine et al. 2009). The physical parameters and their values are listed in Table 1. It can be seen from Tablel, the

Na* ion dominates the cations of bentonite. Thus, Kunigel-V1 is considered as sodium type bentonite.

Table 1 Physical parameters and their values Figure 1 Swelling pressure apparatus
Physical Tt
. ysica .prope y Outlet .
Specific gravity, Gs (g/cm?) 2.78 Bolt “o8mm  ~— Membrane filter
Montmorillonite content, Cn (%) 48 N
cg ——10mm ring
) CEC (meq/g) 1.043 Inlet T = u-l/-ép L B
Total Ca'[lOIll exchangeable EXCra (meg/g) | 0.613 o ., ,Sp/ ey/ﬁeﬁ/ I
capacity (CEC) EXCea ( /e) | 0.404 ——a T T, Loadng T
a (Me . B= g
and number of extractable EXCC ( q/g) 0.02 — plate i g
) me . ) =
cations (EXC) Mo TEVE Membrane filter — | Sensor —
EXCk (meq/g) 0.01 '

Table 2 Specimen details M n Middle

. r ring
Height (mm) x Diameter (mm) 10 x 28 Supporting " )
- 3 plate 1] ~—— Rolling
Dry density, pa (g/cm?) 1.2-2.0 ! oadine serew bearing
Temperature, T'(°C) 25,50 and 80 e

Oven dried Kunigel-V1 powders were compressed in the ring (10 mm, height x 28 mm, inner diameter) and installed together in the
swelling pressure apparatus (Fig. 1). Then, swelling pressure apparatus was putted into the oven with the water supply container. The
apparatus was placed in the setting temperature for approximate. 4 hours in order to let specimen reach target temperature. Finally, the

distilled water was supplied by the inlet in the middle ring.

3. Testing results
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Figure 2 Swelling pressure evolution curves of Kunigel-V1 bentonite at different temperatures
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Numerous studies (e.g., Wang et al. 2021) reported traditional swelling pressure evolution curve for compacted bentonite at room
temperature, suggesting the following: First, in the early stage of saturation, the swelling pressure rises quickly to a peak point. After
reaching the peak point, the swelling pressure drops continuously to a valley point. Then, following another increase of swelling
pressure, the swelling pressure progresses to a re-peak point. Later, the swelling pressure remains at a stable value until reaching an
equilibrium point. Figure 2 reveals swelling pressure evolution curves of Kunigel-V1 at different temperatures. It might be apparent
from Fig. 2(a), (b) and (c) that, for Kunigel-V1 at different temperatures, almost all swelling pressure evolution curves are similar with
the traditional curve described above. Additionally, as might be found from Fig. 2, the times needed for bentonites to reach peak points
and re-peak points decrease with increasing temperature. As might be apparent from Fig. 2(a), (b), and (c), times for Kunigel-V1
bentonite to arrive peak points are approx. 25 h, approx. 10 h, and approx. 5 h, respectively, at 25 °C, 50 °C, and 80 °C. From 25 °C to
50 °C to 80 °C, the times in the re-peak points decrease from approx. 100 h to approx. 50 h to approx. 30 h.
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Figure 3 Peak, valley and re-peak swelling pressures of Kunigel-V1 bentonite at different temperatures
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Figure 4 Equilibrium swelling pressures of Kunigel-V1 bentonite at different temperatures
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