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EBS for LLW In Japan

Underground cavern type disposal facility to isolate low-level radioactive waste

(http://www.enecho.meti.go.jp/rw/gaiyo/gaiyo03-3.html)
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Repository concept of LLW in Japan

Extremely long-term stability for several tens thousands years is required.



Durability problem of EBS for LLW In Japan

To evaluate extremely long-term stability during tens thousands of years

Low diffusion layer Low conductivity buffer
[Cementitious material] [Bentonite material]
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Two experimental plans in this study
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Acceleration test by electrical migration technique

To accelerate ion transport
by applying electric potential gradient

Several studies have been reported.
(e.g. Saito et al. 1997)

Direct currenlt voltage (15V)
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Exp I. Influence of dry density (Specimen)

| | [Cementitious material]
= @ Concrete
2 = o %U,’ oS " Cement: OPC
c o B3 2= D WI/C = 55%
A E == =
= HE = ¢ g [Bentonite material]
§' 3 = Bentonite sand mixture
Bentonite: Kunigel V1
25 65 10 Bentonite:Sand = 7:3
4 specimens of bentonite sand mixture
Name Dry Density Water Content Compaction times
of specimen g/cm3 % / Layer
Bt16 1.6 28.6 11
Bt17 1.7 26.1 19
Bt18 1.8 22.6 38
Bt19 1.9 15.0 150, 200




Exp I: Measurement after electrical migration test

|
— No. | Dry density, g/cm3 | Water content, %
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S 2HE 2z Ha
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Concrete Ca(OH), Cation concentration sand mixture

EPMA (Bt19)




Exp |: Measurement after electrical migration test

|
— No. | Dry density, g/cm3 | Water content, %
2 2 ho =2 o Bt16 1.6 28.6
S2Hs Sz Eg
g A E =3 |2 Bt17 1.7 26.1
S HZ = 3 Bt18 1.8 22.6
S : Bt19 1.9 15.0
25 65 10
10 5 5 5
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accumulated _ -
electrical charge Center Bt-side 345 6 7(Layer)
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Result of EPMA: Cations in bentonite (Bt19)

surface analysis and profile
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Result of cations and swelling capacity of bentonite
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Result of cations and swelling capacity of bentonite
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Exp Il: Utilization of cement/bentonite interaction

Low diffusion layer Low conductivity buffer \
T ——— [Cementitious material] [Bentonite material]

\ . Ca leaching Degradation /
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Reference: Reduce leaching by HCO

Kurashige et al. (2005) have shown that HCO; in ground water
reduce leaching of cementitious materials.
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Exp Il: Acceleration test by electrical migration technique

To accelerate ion transport
by applying electrical gradient

Ex) Saito et al. investigated calcium leaching

Direct currenlt voltage (15V)
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Exp II: Influence of mixing NaHCO, (Specimen)

| [Cementitious material]
Cement paste

g g . ¢ ® Cement: OPC
S' N 2 32 % W/C = 60%
8 S > % = % [Bentonite materiall
= = = Bentonite sand mixture
> Bentonite: Kunigel V1
o5 65 10 Bentonite:Sand = 7:3
Dry density = 1.6 g/cm3
4 specimens of bentonite sand mixture
Name NaHCO, Concentration Remarks
of specimen mass % g/litter
CO 0 0 NoO mixing
C0.4 0.4 10
C4 4.1 103 Saturation
C7 7.1 103




Exp Il: Measurement after electrical migration test

I No. NaHCO, Concentration
Q& 0w m mass % g/litter
25E% 22 He Co 0 0
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2 33 =2 C0.4 0.4 10
S T HB HE e ' '
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g (q0)
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25 65 10
> &
After 8 =
140 hours 3 S
electrical migration @
Cement | TGA Swelling capacity Bentonite

paste Ca(OH),, CaCO, Cation concentration sand mixture




Exp Il: Measurement after electrical migration test

I No. NaHCO, Concentration

Q& 0w m mass % g/litter
25E% 22 He Co 0 0
S BHS = E @
2 23 == =5 0.4 0.4 10
s 6% = % c4 4.1 103
- C7 7.1 103

25 65 10

10 5 5 5
After
140 hours

electrical migration _
Center Bt-side 1 2 3 4 5 6 7 (Layer)

apouy

Cement | TGA Swelling capacity Bentonite
paste Ca(OH),, CaCO, Cation concentration sand mixture




Result of TGA: Degradation of cement paste
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Result of TG-DTA: Degradation of cement paste
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Result of TG-DTA: Degradation of cement paste
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Result of Cations: Degradation of bentonite
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Result of swelling capacity: Degradation of bentonite
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Conclusions

In this study, the long-term durability of the engineered
barriers system was investigated by the migration technique.

Firstly, the effect of dry density of bentonite-sand mixtures
was investigated.

The experimental results showed the use of the bentonite
sand mixture having high dry density was effective with
regard to the reduction in the risk of the alteration.

Secondly, the effect of mixing of NaHCO, to the bentonite-
sand mixture was investigated.

The experimental results showed the mixing of NaHCO,
clearly reduced the degradation of cementitious materials
and bentonite because of precipitation of CaCO,.



Thank you for your kind attention!



Specimens

. 730 ,

Fig. 1 Dimensions of concrete (mm)



Result of cation’s ration in bentonite
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RYNFANIBGZD=HEA A&

x-6 BHBAAVERNEDRKR
SHBRAAVE mea/100g

a5 S I O — Bk E B
1ER | 2EH | 3ER | 4EH | SEH | 6EH | 7EH

0 Ca 405 92.3 733 699 438 410 53.0 730

Na 593 18.6 21.5 284 95.5 720 84.3 978

04 Ca 41.0 775 829 40.1 343 274 269 254
Na 66.0 16.7 249 61.1 719 839 82.5 994

4 Ca 429 928 55.1 37.6 35.1 40.3 39.8 389

Na 934 22.2 56.2 98.1 804 956 95.7 1164

7 Ca 442 112.8 489 464 483 480 468 436

Na 1134 38.8 N2 107.3 108.3 1074 121.0 1351




Swelling Capacity

Main component is montmorillonite

Water Molecule Layer Crystal Structure |
020 > !
O j> 000 @ Swe::IIing>
O O [ ]

@ Interlayer Cations



Peak range of angle of reflection in XRD curves
shows type of bentonite (Kurosawa, 2002)

Na-type 26=7.0~7.5° Ca-type 26=5.7~6.0°
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[ Changing of type start from concrete side }




Method of Measurement of Swelling capacity

____________________________________

Swelling capacity
13 ml/2g

Bentonite Sand
Mixture Powder
(150u)

@a—type

& Swelling capacity
: 8 ml/2g

e e e e e e e e e ————————
e e e e = e e e = e = e e e e e e e e e e e e e e e

- e e e e e e e e e e e e e e e e e e e e e =

____________________________________

After leaving for 24 hour

__________________________________________

Swelling Capacity Ratio: Swelling capacity divided by mean value of swelling
capacity of 6th and 7th in each layer




Size of Geological Disposal Structure (Low-Level)

Cementitious

«—125m—> Materials 0.5m

$0.5m

Na-Bentonite
Sand Mixture

Bacldll material Backfill material

A Vertical Section A Horizontal Section

Size of a section is 7.5m wide, 7.5m high, and 9m deep.
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