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Basic experimental study on the backfilling material under saline seawater condition
(Testing Document)

Hirohito KIKUCHI**, Kenji TANAI*, and Yutaka SUGITA*
Abstract

In geological disposal of high-level radioactive waste, closure of repository is the
technique of filling clearance using the backfilling material to preserve barrier
performance of the engineered barrier system.

The required performances of the backfilling material are clearance filling, low
permeability and swelling pressure and stiffness. The expecting behaviors of the
backfilling material are very complex which are decrease of section area of the tunnel due
to creep displacement, decrease of performance of bentonite due to alteration of the
concrete lining and so on. And ideal assessment of the clearance filling performance in
the backfilled tunnel will be performed considering the coupled behaviors described above.
However, there is not enough data to explain the expecting behaviors, and mechanisms of
the coupled behaviors are not clarified yet.

Therefore, the clearance filling performance of backfilling material was selected first. In
this study, the clearance filling performance was tested using the clearance considering
only decrease of the volume of the concrete lining due to alteration of the concrete. Basic
examination of the backfilling material was performed, which focused on the feasibility of
the backfilling material described in the H12 report and the adequate bentonite/sand
mixture to obtain conservative filling clearance performance.

Results of the examination showed, under test conditions that 30% of the volume of
concrete lining decreases due to alteration and such volume become clearance between
the backfilling material and concrete lining, in distilled water condition, the specification
(bentonite/sand mixture) of the backfilling material described in H12 report almost filled
the clearance. However, in saline seawater, 50% and more bentonite was required to fill
the clearance.

Since this examination fixed the clearance, water stopping performance will be
examined in next phase. Through the saline seawater examination, the basic clearance
filling curve was obtained.

* Barrier Performance Group, Waste Isolation Research Division,
Waste Management and Fuel Cycle Research Center, Tokai Works
** Inspection Development Corporation



JNC TN8430 2003-008

1
2
3 e
3.1 e
32X  CT e
3.3
A4
A1
42 e
A3
5
B e
7



JNC TN8430 2003-008

-1.1
-1.2
-1.3
-1.4

-2.1

-3.1
-3.2 V1
-3.3

-4.1

-4.2

-4.3 DW-1
-4.4 SW-2
-4.5 SW-3
-4.6

-4.7 X CT
-4.8 X CT
-4.9 X CT
-4.10 X CT
-4.11

SW-4

-6.1

-iv -



JNC TN8430 2003-008

-1.1

-3.1
-3.2
-3.3

-3.4 X

-3.5
-3.6

-4.1
-4.2
-4.3
-4.4

-4.1
-4.2
-4.3
-4.4
-4.5
-4.6
-4.7
-4.8
-4.9
-4.10
-4.11
-4.12
-4.13
-4.14

CT

SW-1

V1

DW-1
SW-2
SW-3
SW-4

CT

10
336
10
20
120
333



JNC TN8430 2003-008

1992 1999

-1.1

WAIE
WESA (EEH)
BEEAR (2R LH)

iEiﬁ%iﬁiE . /
CRORLHD s 5 ) wgTsy
S EE . X @Yy U—+I3H

/

2000

2003 1999
1.2Mg/m3



JNC TN8430 2003-008

15

1.8Mg/m3

85

-1.2

-1.2

-1.2

-1.2

-1.3



JNC TN8430 2003-008

XRT [ FE
50cm
BORE LA
HHR LEFDIKR FRIDELIZ L BEEHD HEOHRLMOEEIZLS
R D FEE (BRI D FEiE
-1.3
-1.1
-1.1
-1.4
-1.3
2



JNC TN8430 2003-008

HABRBERERZRD SEHER

(R bFA4 +DEF
T & B REEREDIET)
\
\
" \
B HAMMBREE
g | erEMEERER /L
= |rarmEsEms ¢ HER
e TRy
e SR D) |
\
\
\
|
BN LEEBE
-14
2
-2.1 50mm
100mm
1.8Mg/m3
24U m
14
X CT
CT 2003 Tanai and Yamamoto 2003



JNC TN8430 2003-008

HEEtIL
(79 JIL8)

— v TR —
= \ _
2 '
GREKS & R TH7K) R

/ L —
BHESHE ~. 7 A
=iEa
2.1
3
3.1
3
Vi1
Na
2
50cm 1999
-3.1 3
50cm
27m?2
30 26m?2
XRIZSAETEREE 27.1 m? XRIOMEE 8.7 m
HED WS 18.4m  ZEID30%EE 2.6 m

-3.1



JNC TN8430 2003-008

-3.1
DW-1
[Mg/m3] 1.80
[ 1 3 85
[Mg/m3] 064 051 ¢
[%] 15 2
[mm)] ¢ 50x h9o
[mm)] ¢ 50x h10
[ 1] 20
[day] 14
1
2
-3.2
SW-1 SW-2 SW-3 SW-4
[Mg/m?] 1.80
0.64 1.22 1.37 1.43
[Mg/m?] 051 | 103 | 117 | 123 1
3 [ ] 85 60 50 45
[%] 15 2 10 10 10
[mm] ¢ 50x h90
[mm)] ¢ 50x h10
ASTM D-1141-98
[ ] 20
[day] 14
1
2
-3.1 -3.2
30 10mm
-3.3
-3.3
[Ppm]
CI 19,200 JIS-K-0102 35.1
S04 2740 JIS-K-0102 41.2
HCOs" 140 JIS-K-0102 25.2
F 1.2 JIS-K-0102 34.1
Br 65 JIS-K-0102 37.1
BO3s3" 26 JIS-K-0102 47.1
Nat 10,300 JIS-K-0102 48.2
K* 410 JIS-K-0102 49.2
Caz+ 420 JI1S-K-0102 50.2
Mg2* 1,310 JIS-K-0102 51.2
Srz+ 61
0.72 NacCl 0.42

-6 -




JNC TN8430 2003-008

32 X CT
1976
1995
2003 Tanai and Yamamoto 2003
X CT
X CT
X CT -3.4 X CT X CT
-3.1
-34 X CT
Asteion VI
360°
1.0s
5.0mm
+ 0°
X 135kV
250mA

-31 X CT




JNC TN8430 2003-008

3.3
V1 1993 -3.5 V1
-3.2 1977
1987
/ 0.03 700y m
3 Vi1
-3.5 V1
[wt%]
46 49
29 38 05 0.7
37 38
27 55
21 26
20 2.8
3.0 35
0.5 0.7
100 T LI B LA T LI LA T LI T UL T UL LR
= 80} N
hd
60t -
40+ -
20+ -
O 111 1 L1 1111l 1 L1111l 1 L1111l 1 L1 1111l
0.0001 0.001 0.01 0.1 1 10

[mm]

-3.2 V1



JNC TN8430 2003-008

3
1990 -3.6 -3.3
-3.6
[wt%o] 3
SiO2 94.6
Al2O3 3.32
Fe20Os3 0.13
TiO2
MgO
Na20
K20
Ig.loss
100 I T Tl
—e—3 S I
80 - | .
pmy
C\
el
60 —
40 + —
20 - —
. i
0.1 1.0 10.
[mm]

-3.3



JNC TN8430 2003-008

4
X CT
2
4.1
14
-4.1
-41 4.2 DW-1
10 336
46 SW-1 SW-2 10 20 120
333 -4.7 410 SW-3 SW-4
10 20 120 336
DW-1 10 -4.1
336 -4.2
-4.11
SW-1 120
24 3mm
SW-1
-4.13
SW-2 20 -4.4 24
333 -4.6
X CT X CT SW-2
-4.12
SW-3 SW-4 10 -4.8
5 96 -4.9
336 -4.10 X CT
CT SW-3 SwW-4

-10 -



JNC TN8430 2003-008

ffffffffffffffffffffffffffffffffffffffffffffffffff

- 0--0-0--0-0--0+0-0

-0~ DW-1
—e—Sl-1
—a— SIi-2
—m— SI-3

—o— SW-4

50

100

150 200 250

[h]

-4.1

-4.1 10

T -
| —

-11 -

300




JNC TN8430 2003-008

SERBA IR R

-4.7 -4.8 10

SW-3

SW-3 SW-4

06 RS 4 336 Bk

——— w am

-4.9 96 -4.10 336

-12 -



JNC TN8430 2003-008

-4.11 DW-1

-4.12 SW-2

-4.13 SWw-1

-13 -



JNC TN8430 2003-008

4.2
4.1 SW-1 DW-1
SW-2 SwW-3 SW-4

l Vw 48 Wi
v

A [Mg/im?] n[-] S [%] 1 5
ps[Mg/im?]

W=%x100
W,

43 DW-1 4.4  SW-2
45 SW-3 SW-4 41 4.4
-4.14

110

-14 -



JNC TN8430 2003-008

CT

41 4.4

CT

2003 Tanai and

CT

2003

Yamamoto

1.8[Mg/m?]

-4.6

DW-1

SW-2 SW3 Sw-4

100

CT

CT
-4.7 4.10

CT

CT

15
£
S
s
hS)
- >
o
b
o
=4
\\\nﬂ% IIII/
(@]

.
o2 -

.
- S, e
== ~ <.

(@)

.
~ep B ——
P % II/
-~ ___Z ___ _-7
e re} =<

O ~
~ 4 -7
P - St S
O ~
=4
S T T —— . _~ -7
\\‘ o™ I\II
g ~
(@]
N e
-~ __Z_____ -
~-TTN RN
—O-—————== >
-z Tt~
2 d

100mm

-4.3 DW-1

E
=
S
ey
©
-
-
b
o
P4
\\\\\\m_ llIII/
©] y
S~ e -~
- o N
. )
e
|
/II‘ llllllllll l\l\\
o= B ~<
o
|
S Z _____-
s ~ s m 2
s 3 582
~
S~ e —— - —
-7 % =L wn
P4 /|
~
wwv\\\||||5||lkl\/\ <t
- o N <t
Segemm 7 '
Pl < T~
\\\\\\ O -~
ﬂ\/\\ 3N II/\
\\\\\ GS----_
N NZ ~~<
V\\\H_ m TN
N d

1=
1=
(=3
Lo
hS)
-
o]
o
I Il -
e — S~
o
~ 4
Sepo—m—f——— -
e S T~a
O 4
S~ 2 Z o __--
" RN
NN 2 .-
- ~ ~<
7 > ~
o]
~ -
S Z____--
- © ~o
7 A ~
o
~ > -
SSsom e -
- TS
. ~
o
SR 2
- < SN
t o
S Z -
T i =
o
/II \lIIWlIl I\\\\
\\\v N RN
P C e
> - > S~
b= z

100mm

SW-4

-4.5 SW-3

-15-



JNC TN8430 2003-008

-4.14
4.1 DW-1
CT
NO- [mm] | [%] | [Mg/m3] | [Mg/m?] [-] [%]
[mm] [Mg/m?]
NO.1 0 5 2.5 52.10 0.678 1.032 0.980 74.71 | 108.97
NO.2 5 10 7.5 55.58 0.968 1.506 1.462 63.92 | 84.14
NO.3 | 10 20 15 41.61 1.108 1.569 1.706 58.70 | 78.53
NO.4 | 20 30 25 18.97 1.704 2.027 1.827 36.47 | 88.61
NO.5 | 30 40 35 13.76 1.699 1.933 1.856 36.65 | 63.79
NO.6 | 40 50 45 17.14 1.748 2.047 1.849 34.84 | 85.96
NO.7 | 50 60 55 10.23 1.799 1.983 1.849 32.93 | 55.86
NO.8 | 60 70 65 11.89 1.799 2.013 1.889 32.91 | 65.00
NO.9 | 70 80 75 14.06 1.793 2.045 1.928 33.14 | 76.04
NO.10 | 80 100 90 17.99 1.802 2.126 1.928 32.81 | 98.79
-4.2 SW-2
CT
NO- [mm] | [%] | [Mg/m3] | [Mg/m?] [-] [%]
[mm] [Mg/m?]
NO.1 0 5 2.5 44.10 0.276 0.511 0.446 89.71 | 131.86
NO.2 5 10 7.5 49.81 1.070 1.602 1.152 60.12 | 222.20
NO.3 | 10 15 | 125 | 4291 1.206 1.724 1.481 55.03 | 209.10
NO.4 | 15 20 | 175 | 32.05 1.379 1.821 1.771 48.58 | 176.98
NO.5 | 20 30 25 24.34 1.576 1.959 1.913 41.25 | 158.26
NO.6 | 30 40 35 19.58 1.665 1.991 1.944 37.92 | 138.46
NO.7 | 40 50 45 18.95 1.817 2.161 1.942 32.26 | 157.54
NO.8 | 50 60 55 18.96 1.765 2.100 1.928 34.18 | 148.74
NO.9 | 60 70 65 18.67 1.658 1.968 1.956 38.17 | 131.21
NO.10 | 70 80 75 18.90 1.733 2.060 1.966 35.40 | 143.21
NO.11 | 80 100 90 18.17 1.688 1.994 1.971 37.07 | 131.44

- 16 -




JNC TN8430 2003-008

-4.3 SW-3
CT
NO. mm] | [ | Mg/im3] | [Mg/me] (1| [l
[mm] [Mg/m3]
NO.1 0 5 2.5 21.38 1.239 1.503 1.521 53.82 | 106.56
NO.2 5 10 7.5 39.76 1.119 1.565 1.611 58.26 | 183.05
NO.3 10 20 15 31.06 1.361 1.784 1.674 49.26 | 169.13
NO.4 20 30 25 23.17 1.590 1.958 1.766 40.73 | 152.53
NO.5 30 40 35 20.75 1.610 1.945 1.917 39.95 | 139.27
NO.6 40 50 45 16.74 1.768 2.064 1.927 34.09 | 131.71
NO.7 50 60 55 19.49 1.651 1.973 1.931 38.43 | 136.03
NO.8 60 70 65 15.34 1.817 2.095 1.958 32.26 | 127.48
NO.9 70 80 75 16.74 1.728 2.017 1.976 35.57 | 126.23
NO.10 80 90 85 14.42 1.809 2.069 1.961 32.57 118.74
NO.11 | 90 100 95 13.91 1.894 2.157 1.955 29.40 | 126.87
-4.4 SW-4
CT
NO. mm]| [ | Mg/im3] | [Mg/me] [ | [l
[mm] [Mg/m3]
NO.1 0 5 2.5 19.44 1.320 1.577 1.540 50.78 | 102.70
NO.2 5 10 7.5 18.94 1.345 1.599 1.630 49.87 | 101.86
NO.3 10 20 15 30.39 1.607 1.676 1.720 40.09 | 203.31
NO.4 20 30 25 16.99 1.595 1.866 1.780 40.54 112.40
NO.5 30 40 35 21.60 1.573 1.912 1.910 41.36 | 140.07
NO.6 40 50 45 20.21 1.716 2.063 1.910 36.02 | 150.50
NO.7 50 60 55 18.01 1.708 2.016 1.940 36.31 | 133.03
NO.8 60 70 65 18.32 1.771 2.095 1.940 33.97 | 144.64
NO.9 70 80 75 14.92 1.829 2.102 1.970 31.79 | 125.90
NO.10 80 90 85 16.92 1.841 2.152 1.970 31.36 | 144.59
NO.11 | 90 100 95 13.99 1.731 2.171 1.970 35.45 | 105.82

-17 -




JNC TN8430 2003-008

10° .
O  BK&R

A /KR H
10'9 [ ] NaGl 0. IM(JAERI) |
A NaCl 0. 2M (JNG) H
| | NaCl 0.3M(JAERD) F
v NaGCl 0. 6M (JNC) 1

107 & NaCl 1.0M(JAERI)
T E
P= - v .
T I . - A i
\\ A %
\ -
T e Y U .
"o Zk\\\\\
R S |
10 RN E
K
10_14 L L L1 L L L L L L L L L L L L L L L L |

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
[Mg/m’]
-4.6
2003 2003

CEALE 3 3  EEETE
o0 L o . | | | L
0 20 40 60 80 100
[mm]
47 X CT DW-1

-18 -



JNC TN8430 2003-008

25 1 1 1 1 T

2.0

[Mg/m’]

15 -

1.0 —

0.5

- BB L

‘ BT
i i L L L

60 80 100

[mm]
SW-2

[Mg/m’]

‘ BREBTE
i i | | |

0.0 1 1 1 i i
0 20 40

-19 -

60 80 100

[mm]
SW-3



JNC TN8430 2003-008

25 ¢ -
20 -
= i
I% 1.5 :*
10 -
05 R R AR SRR -
- R 5 ‘ | BRATH
0.0 | | | i i i i | | |
0 20 40 60 80
[mm]
-4.10 X CT SW-4
4.3
-4.11
2 DW-1
0.64Mg/m3
DW-1
2002
2 SW-1
60 SW-2
Mg/m?3 50 SW-3 SW-4
-4.11
-1.4

-20-

100

1.8



JNC TN8430 2003-008

24

20 [ = = - ——- :r_’ _—— e —-—-—- :r_’ —— e ——— - - :r_’ == - - - =

[cn’]

==
, ]
/] -
/ -

16 ——— —_— I .

2 — O .

-4.11

-21 -

=
(o]



JNC TN8430 2003-008

2
85 18Mg/ms3
2
85 18Mg/ms3
SW-1
40 +
2
50 +
SW-4
50cm

2

50cm 30

15 +

DwW-1

15 +

60 18Mg/m?3
SW-2

50 18Mg/ms3

SW-3

30
15
50

-22 -



JNC TN8430 2003-008

-6.1

-6.1

-23-



JNC TN8430 2003-008

3 ? PNC TN1410 92-081 1992

. PNC TN8430 93-003 1993

2 ? JNC TN1400
99-020 024 1999
-1 ” JNC
TN8430 2003-002 2003
? 55 CS-187 2000
1991
1987
1977
“ 14 1/2
" 2003

. PNC TN8410 90-060 1990

“

” JNC TN8400 99-039 1999

@ ”

JNC TN8430 2002-003 2002

“ ” JNC TN8400 99'038
1999

“ X CT ”
JNC TN8430 2003-001 2003

Tanai,K. and Yamamoto,M*“ Experimental and Modeling studies on Gas Migration in
Kunigel V1 Bentonite” JNC TN8400 2003-024 2003

-24 -



	表紙
	表紙裏
	要旨
	Abstract
	目次
	図目次
	表目次・写真目次
	1 はじめに
	2 試験方法
	3 試験条件
	3.1 試験パラメータ
	3.2 X線CT撮影条件
	3.3 試験材料

	4 試験結果および考察
	4.1 膨潤変化量
	4.2 密度変化
	4.3 体積膨潤量

	5 まとめ
	6 おわりに
	7 参考文献



