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Hirohito KIKUCHI , Kenji TANAI
Abstract

By the second progress report (H12) on research and development for the geological
disposal of high-level radioactive waste (HLW) in Japan, Japan Nuclear Cycle
Development Institute (JNC) extended the database on basic properties of compacted
bentonite, which were mainly obtained by using distilled water as test fluid.

This report presents influence of Horonobe groundwater on the basic properties of
buffer and backfill material.

The Horonobe groundwater is a type of saline groundwater.

The groundwater was sampled at GL-300m or deeper by using bore hole HDB-6 of the
underground laboratory of Horonobe site.

In addition, basic properties are also obtained by using distilled water, synthetic
seawater, and NaCl solution.

Experimental results are as follows ;

1) Swelling characteristics, hydraulic characteristics and mechanical characteristics of
the buffer material and backfill material decrease by the influence of saline water.
The relationship between effective clay density and swelling stress is described by
the following equation.

o =exp(2.5786p,° —12.238p,° + 21.818p, —14.035)

where o is swelling stress [MPal, p, is effective clay density[Mg/m?3].
The relationship between effective clay density and intrinsic permeability is
described by the following equation.

Kk = exp(—41.466 + 4.316p, — 4.069pb2)

where & is intrinsic permeability[m2], p, is effective clay density[Mg/m?].
The relationship between effective clay density and unconfined compressive strength
is described by the following equation.

qu =1.4x10"" exp(5.637p,)

where Qqu is unconfined compressive strength[MPal, p, is effective clay

density[Mg/m3].

2) Saline water doesn't influence the thermal characteristic of the buffer material.
The thermal conductivity and specific heat are derived by using the relationship that
was obtained so far.

Barrier Performance Group, Waste Isolation research Division,
Waste Management and Fuel Cycle Research Center, Tokai Works
Inspection Development Corporation
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0.1 p,70.586[Ng/n’]
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0.02 b
0 i
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10°
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107!
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(@]
A
H 1 O
3 NaCl:0.20[mol/1] ; ok
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3.5.1
3.5-1
2000
0.1 0.7[MPal
20 110 SUS316
+0.01 g
=
| |
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3.5-1
V1
Mg/ m?] 14 16 18
[wt%) 0 30
[mm] @50><h10
[ ] 25
(MPal 0.05 0.20
NaCl (0.34 0.72 0.86 1.50 2.00 3.42 [mol/1])
NaCl 1.40[Mg/ms3]
3.5-2
[Mg/m?] 1.80 1.80 1.80
)
G ["gt/(’ 85 85 85
1.00 0.642 1
Omm
1.04 )
[Mg/m3] 2mm 0.586
1.08 0.540 1
4mm
[%] 15
[mm] @50xh50 2
HDB-6 | (ASTM D1141-98
[mol/1] 0.0 0.20 : 0.64
[ ] 25
1.
2.
3.5.3
2pam 1pam
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3.5.4
3.5-4 3.5-5
Darcy 8 Q [m3/s]
k [m/s] A [m?] i []
Q=k-A-i 8
Q
8
JACOB BEAR,1979
9 k [m/s] Kk [m2]
p [kg/ms?] g [m/s?] plPa ]
25 3.5-3
( 2001 2000)
( 1991 2000)
NaCl
2000
k=xpg/!u 9
3.5-3
[ 1| plglem3] | p[lmPa s] | v [mm?/s]
25 1.0042 1.0174 1.0131
NaCl
1997
2003b 3.5-2
5.3 3.5
0, [Mg/m?]
Kk [m?] 10 1.17 1.80Mg/m3
Kk = exp(—41.466 + 4.316p, —4.069p,%) 10
1.40Mg/m3
3.5-3 2.0mol/l
2.0 mol/l
3.4 mol/l
3.2 3.4
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0.64Mg/m?
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3.5-4
(ol npormal | el Mg/m?l | [l [m?]

1.38 99.42 1.38 1.81E-12 1.87E-19

1.39 102.04 1.39 1.37E-12 1.42E-19

1.40 100.66 1.40 1.89E-12 1.95E-19

NaCl 0.20 1.40 105.93 1.40 1.55E-12 1.41E-19

NaCl 0.20 1.41 105.18 1.41 1.45E-12 1.32E-19

NaCl 0.20 1.40 111.01 1.40 1.65E-12 1.50E-19

NaCl 0.72 1.40 99.45 1.40 1.61E-11 1.50E-18

NaCl 0.72 1.41 100.98 1.41 2.51E-11 2.34E-18

NaCl 0.72 1.40 100.02 1.40 1.59E-11 1.48E-18

NaCl 0.86 1.40 102.11 1.40 2.27E-11 2.16E-18

NaCl 0.86 1.40 100.36 1.40 2.60E-11 2.47E-18

NaCl 0.86 1.40 95.63 1.40 4.75E-11 4.51E-18

NaCl 1.50 1.40 101.92 1.40 1.96E-10 2.15E-17

NaCl 1.50 1.40 107.29 1.40 2.63E-10 2.50E-17

NaCl 1.50 1.40 108.20 1.40 2.85E-10 2.71E-17

NaCl 2.00 1.42 110.92 1.42 5.93E-10 6.65E-17

NaCl 2.00 1.38 109.27 1.38 1.01E-09 1.13E-16

NaCl 2.00 1.40 107.87 1.40 7.52E-10 8.43E-17

NaCl 3.42 1.41 121.23 1.41 4.40E-10 5.49E-17

NaCl 3.42 1.38 101.17 1.38 5.40E-10 6.74K-17

NaCl 3.42 1.40 105.62 1.40 1.14E-09 1.42E-16

1.59 102.82 1.59 2.38E-13 2.46E-20

1.61 100.56 1.61 2.49E-13 2.58E-20

1.61 102.21 1.61 2.51E-13 2.61E-20

1.80 99.61 1.80 4.86E-14 5.02E-21

1.80 99.14 1.80 4.69E-14 4.85E-21

1.80 104.13 1.80 4.17E-14 4.33E-21

1.40 99.59 1.17 3.67E-12 3.34E-19

1.39 102.14 1.16 7.36E-12 6.69E-19

o) 1.41 97.83 1.17 6.19E-12 5.63E-19
@ 1.61 106.04 1.38 1.93E-12 1.99E-19
% 1.59 101.34 1.36 2.15E-12 2.22EK-19
i 1.58 95.36 1.35 1.50E-12 1.55E-19
X 1.80 112.96 1.58 2.80E-13 2.89EK-20
1.80 99.65 1.58 3.34E-13 3.45E-20

1.78 104.78 1.57 2.67E-13 2.76E-20
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3.5-5
U Mgmel | Mg/ (mn/s] (m?]
1.00 1.80 0.642 4.51E-12 4.11E-19
Omm
1.04
1.73 0.586 6.83E-12 6.22E-19
2mm
1.08
1.67 0.540 5.21E-12 4.74E-19
4mm
1.00
1.81 0.651 1.28E-07 1.33E-14
Omm
1.00
1.79 0.634 2.25E-08 2.32E-15
Omm
0 oL 1997
[ 2003b
\ *
10718 7 ,,,,,,,, \ \\\ ,,,,,,,,,,,,, |

[n’]

Kk =exp(-41.466 +4316p, —4.069p,%) ! N

1074 \ \ \ \ ~
1.0 1.2 1.4 1.6 1.8 2.0

3.5-2
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10715

08 AR o A |
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B ooVl e A AR -
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108 . O o |
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& NaCl 0.34mol/1
1019 He & NacCl 0.72mol/1
e O NaCl 0.86mol/1 I
& NaCl 1.50mol/1
& NaCl 2.00mol/1
! & NaCl 3.42mol/1
1072 i T T
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3.5-4
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[m2]

10742
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) I S N
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3.6
3.6.1
3.6-1

3.6-1

3.6-1

3.6-1

AT, 11

avg

avg (T) = 3/2 D(T) 11

[WmK] D(7) 12

12
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t [sec] «a [mm2/s]
a
R/ %r A
3.6.2
3.6-1
3.6-1
Vi
[Mg/m?] 14 16 1.8 14 1.6 1.8
[wt%] 0 30
[%] 100
[mm] @50xh10
(W] 0.3 0.3
[sec] 40 40
[ ] 20
[ ] 3
3.6.3
a
3.6-2 3.6-3
2003
100
1.8Mg/m3
3.6-4 3.6-5
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W mik?1]
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2.5 i \ \ \ \ ]
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2.0 \ \ \ \
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o [m%/s]

3.6-2
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2003

2003

c 63.10 + 4.18w

100 +w

. _67:32+4.18w

100+ w

13
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[kJ/kgK]

[kJ/kgK]
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- | 0 petapn] A pdLaopigT O pd=tdopion] |
2.0 1 O pd=1.6[Mg/m’] A pd=1.60[Mg/m’] [0 pd=1.60[Mg/m’] [~ |
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3.6-2
NO. A a C

[Mg/m3] [wt%] [%] | [Mg/m3] | [W/mk] | [mm%s] |[KJ/kgK]

1.40 34.40 1.88 1.642 0.6149 1.420

1 1.42 0 36.02 1.93 1.539 0.5351 1.490
1.42 34.11 1.91 1.532 0.5941 1.350

1.60 25.40 2.01 1.484 0.525 1.406

2 1.60 0 25.45 2.01 1.459 0.491 1.478
1.60 25.60 2.01 1.459 0.491 1.478

1.82 18.74]  2.16] 1508 0.5369]  1.300

3 1.81 0 18.96 2.15 1.574 0.5396 1.357
179 1851  2.12] 1505 0.5277]  1.345

1.40 34.76 1.89 1.905 0.706 1.430

4 1.40 30 34.10 1.88 1.966 0.667 1.570
1.40 34.64 1.88 1.965 0.660 1.579

1.60 25.34 2.01 1.953 0.734 1.327

5 1.60 30 25.29 2.00 1.936 0.667 1.448
1.60 25.89 2.01 1.953 0.734 1.321

1.80 18.42 2.13 1.961 0.820 1.122

6 1.80 30 18.35 2.13 1.911 0.756 1.187
1.80 18.21 2.13 1.965 0.716 1.290

1.40 36.07 1.90 1.549 0.5944 1.368

7 1.40 0 36.91 1.92 1.578 0.5671 1.452
1.40 37.41 1.92 1.523 0.5848 1.354

1.59 26.23 2.00 1.531 0.5932 1.288

8 1.61 0 24.80 2.01 1.552 0.5841 1.322
1.61 25.27 2.01 1.523 0.5722 1.321

1.80 18.08 2.13 1.525 0.6669 1.076

9 1.80 0 18.00 2.12 1.547 0.5893 1.236
1.80 18.90 2.14 1.571 0.6356 1.155

1.40 33.67 1.87 1.912 0.6602 1.545

10 1.39 30 34.90 1.88 1.929 0.6946 1.476
1.41 32.90 1.87 1.935 0.6437 1.609

1.61 26.72 2.04 2.033 0.8007 1.245

11 1.59 30 26.04 2.00 1.955 0.7122 1.370
1.58 24.89 1.97 2.002 0.7545 1.345

1.80 20.65 2.17 1.955 0.757 1.192

12 1.80 30 18.12 2.12 1.924 0.727 1.246
1.78 19.57 2.13 1.853 0.7001 1.242
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3.7
3.7.1
3.7-1
Rs=30wt%
1.40Mg m ,
, NaCl 0.2 0.4 0.8mol/l
2004
3.7-1 ( )
V1
[Mg/m?] 1.43 1.63 1.82
[wt%] 30 30 30
Mg/m?] 1.20 1.40 1.60
[mm] @30xh60
[%] 6.04
3 27
[% min'!] 0.17
NaCl 0.2 0.4 0.8[mol/]
3.7.2
1.2Mg/m? 7 8MPa 1.4Mg/m? 23 26MPa
1.6Mg/m? 55 65MPa 3.7-1
2Mm
0.3MPa
3.7-2
0.17[% min™] 15%
110 48
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3.7.3

3.7-1

3.7-3

3.7-2

96.48 102.69[%]
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60mm
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qu =1.0x107° exp(4.4565p,)

qu =1.4x10"" exp(5.6370,)

qu MPa
o Mg/m?
3.7-5
3.7-3 3.7-5
3.7-3 3.7-5
1.6 Mg/m?
1.4Mg/m3
3.7-6
3.7-8
NaCl 0.2 mol/l
0.4 mol/l 1 NaCl 0.8 mol/l
NaCl0.2 mol/l
3
3.7-8 NaCl 0.2 mol/l
0.4 mol/l 3 NaCl 0.8 mol/l
2
3.7-5
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3.7-2

[Mg/m’] NI T foml[  leml] @] leml]  fom] & |l (%] [Mg/m’]
1 63.42 2.95 5.91| 81.40 3.00 6.14 60.27 35.06 100.98 1.15
2 63.44 2.95 5.98| 8.130 3.00 6.10 60.30 34.83 101.68 1.16
1.90 3 63.43 2.95 6.01] 82.00 3.01 6.12 60.62 35.27 102.69 1.16
: 1 63.31 2.98 5.99| 78.62 2.97 6.00 58.79 33.73 100.97 1.17
2 63.42 2.98 5.96] 80.51 2.97 6.08 60.91 32.18 100.47 1.21
3 63.38 2.98 5.93] 80.55 2.97 6.10 60.70 32.70 100.71 1.20
1 72.15 2.95 5.95| 87.05 3.00 6.17 68.59 26.91 102.36 1.34
2 72.18 2.95 5.96] 86.70 3.00 6.15 68.62 26.35 101.31 1.35
3 72.06 2.95 5.98| 86.80 3.02 6.14 68.46 26.79 99.90 1.32
4 7202 295 5.95| 86.54 3.01 6.11 68.53 26.28 101.19 1.35
1 71.91 2.95 5.91] 86.68 3.00 6.12 69.03 25.57 100.26 1.36
2 71.88 2.95 5.95| 86.49 3.01 6.15 68.80 25.71 98.21 1.34
3 7190 295 5.94| 86.56 3.01 6.13 69.00 25.45 98.96 1.35
1.40 1 72.12 2.95 5.97| 87.06 3.00 6.15 69.39 25.46 100.28 1.37
: 02( 2 7217 295 5.97] 86.80 3.00 6.10 69.74 24.95 100.54 1.38
3 72.05 2.95 5.99] 86.90 3.00 6.11 69.36 25.29 101.32 1.30
NaCl 1 72.11 2.95 5.94| 87.14 3.00 6.12 69.58 25.24 101.00 1.38
04] 2 72.11 2.95 5.96] 87.18 3.00 6.14 69.56 25.33 100.40 1.37
[mol/] 3 72.14 2.95 5.96] 87.08 3.00 6.12 69.47 25.35 100.88 1.37
1 71.69 2.95 5.95] 87.08 3.00 6.18 69.16 25.91 99.66 1.35
0.8] 2 71.79 2.95 5.95| 86.69 3.00 6.13 69.29 25.11 99.67 1.37
3 72.01 2.95 5.95| 86.87 3.02 6.14 69.46 25.06 96.48 1.35
1 80.09 2.95 5.94] 91.86 3.01 6.19 76.13 20.66 100.70 1.50
2 80.15 2.95 5.95| 91.39 3.02 6.14 76.15 20.01 98.72 1.51
1.60 3 8026 295 6.01 91.74 3.01 6.18 76.24 20.33 99.58 1.51
: 1 79.46 2.98 5.91] 91.00 3.00 6.13 76.16 19.49 99.89 1.54
2 79.81 2.98 5.94] 91.30 3.00 6.15 76.36 19.57 100.25 1.54
3 79.79 2.98 5.94] 91.30 3.00 6.17 76.27 19.71 99.69 1.53

3.7-3
[Mg/m?] NO- | IMg/m?] [MPal [MPal

1 1.15 0.17 11.22
2 1.16 0.18 11.89
1.90 3 1.16 0.19 16.27
) 1 1.17 0.09 4.81
2 1.21 0.15 10.73
3 1.20 0.13 7.91
1 1.34 0.36 19.01
2 1.35 0.34 21.51
3 1.32 0.32 25.42
4 1.35 0.37 21.39
1 1.36 0.28 15.58
2 1.34 0.20 19.84
3 1.35 0.27 17.90
1.40 1 1.37 0.32 22.04
) 0.2 2 1.38 0.35 27.62
3 1.38 0.32 23.22

1 1. .31 17.
NaCl 38 0.3 7.58
[mol/1] 0.4 2 1.37 0.30 13.22
3 1.37 0.30 16.05
1 1.35 0.26 13.89
0.8 2 1.37 0.20 18.65
3 1.35 0.18 12.02
1 1.50 0.87 38.28
2 1.51 0.88 41.23
1.60 3 1.51 0.85 40.03
) 1 1.54 0.87 82.79
2 1.54 0.83 47.09
3 1.53 0.80 46.98
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o[MPa]

o[MPa]

0.8

0.6

0.4

0.2

11— 1.40[Mg/m*]

1.20[Mg/m*]

1.60[Mg/m®]

10
=[%]

15

1.20[Mg/m*]

1.40[Mg/m*] |

1.60[Mg/m*]

| \]\

3.7-2
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1.0 1.1 1.2 1.3 1.4 1.5 1.6
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04
1.40Mg/m?
08 [ e e et
©
o
=,
D02 (A e
oLv+#/) """ i"" - -
‘ —NaCl 0.2mol/I
| —NaCl 0.4mol/I
| —NaCl 0.8mol/|
O |
0 10 15
=[%]
3.7-6 1.40[Mg/m?]
0.4 i i
g 0 i i ]
UL S S ——— H—
g | 8 : 6 ]
0.2 -, A O ]
L : @) 7
0.1 L O _
i A i
- O NaCl .
0 L T B I T B [ I L
0.0 0.20 0.40 0.60 0.80 1.0
[mol/1]
3.7-7 1.40[Mg/m?]
30 \ \ ]
O 3 ]
250 -
O i
© : : ]
= 20 oo R TR TR -
£ ° - 0 7 :
15 L . A . . ]
- o Q ]
[ 3 Q |
10 b —
L [ ) ]
5 [] A ]
- O NacCl .
0 L. I \ I \ I I \ I I \ I L
0.0 0.20 0.40 0.60 0.80 1.0
[mol/1]
3.7-8 1.40[Mg/m?]
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3.7-3 1.20[Mg/m?]
3.7-4 1.40[Mg/m?]
3.7-5 1.60[Mg/m?]
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3.8
3.8.1
Ad—log t e—log P
3.8-1
VA
H
[
3.8-1
3.8.2
3.8-1 3.8-2
1.40Mg/m? Rs=30wt%
3 15wt% 5 15wt% NaCl
0.2, 0.8mol/1
@=60mm h=20mm
19.6MPa
4 19.6MPa
3t
JGS T411 2000
3.8-1
Vi
[Mg/m?] 1.63
[wt%] 30 3 5 1 1
[Mg/m3] 1.40
[mm] @60xh20
[%] 6.04
1 3
[ ]
NaCl 0.2 0.8[mol/]
3.8-2
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3.8-2
stepl | step2 | step3 | step4d | stepd | Step6 | step7 | step8
[MPal 0.36 0.59 | 0.98 | 1.61 2.66 4.38 7.22 11.89 | 19.60
step ul |step u2|step u3|step ud
[MPa]| 7.22 2.66 0.98 0.36
step rl | step r2 | step r3 | step r4d
[MPal| 0.98 2.66 7.22 19.60
3.8.3
3.8-3
3.8-3
NaCl 0.2mol/l | NaCl 0.8mol/l
[MPal] 10.4 10.4 10.4
lg] 92.0 92.0 92.3
[Mg/m?] 1.63 1.63 1.63
[Mg/m?] 1.40 1.40 1.40
0.647 0.649 0.642
a
3.8-2
NaCl
0.2mol/l 0.5MPa 70 100
0.36MPa NaCl 0.2 mol/l 0.38MPa NaCl0.8
mol/l 0.4MPa 0.34MPa
330
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0.6
0.5 /™ o NaCl 0.2mol/1 |
NaCl 0.8mol/I
= 0.4 f O\ o o |
o
=
0.3 ||l |
o2 L .
0.0 b —
0l
0 50 100 150 200 250 300 350
[h]
3.8-2
19.6MPa 8 3.8-4
(a) 0.36 0.40MPa
0.36MPa
3t 2000
step 4 2.66MPa
5.38MPa 2.66MPa
5.38MPa
5.38MPa step 4 3t
5.38MPa step 5 4.38MPa
step 6 7.22MPa
e-logP
3.8-4 1
44 264 step4
“114+160” “ 2.66MPa + 5.38MPa
7 NaCl 0.8mol/1
3.5-2
3.8-3
3.8-10 step4
2.66MPa 5.38MPa
3.8-6 step step
3.8-5
step6
step7 8 NaCl 0.2 mol/l NaCl
0.8mol/l step8 NaCl 0.8 mol/l
2 3.8-9 3.8-10
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NaCl 0.2mol/l

- 52 -

0.1lmm NaCl 0.2 mol/l step8
1/2
3.8-4
stepl | step2 | step3 | step4 | stepd | step6 | step7 | step8 Total
2.66
. . 1.61 . 4 22 | 11. 19.
[MPal 0.36 0.59 | 0.98 6 (5.38) 38 | 7 89 | 19.60 (hour)
115
264 97 94 +160 163 142 100 1133
5
E 0.2mol/1 264 97 94 115 96 95 121 113 994
0.8mol/l 264 97 94 50 44 68 96 68 781
*
_0-01 T TTTTT T T TTTTIT T TTTTT T TTTTIT T T TTTTI T \HHH‘ T TTTTh
0 Z AN L AN AN AMA A e hop ]
E L |
S [ _
0.01 | o 0.2mol/1 |-
i 3 ‘ 0.8mol/1 ]
0.02 Lo TV A A A ATV N ]
0_03 i | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-3 log t stepl —0.59MPa
0 7,‘,J,‘,UJU‘,,J,,U,UUL‘,,J,lJJLUu‘,,l,U,LUU!,,,LJ,LUJU‘,,J,J,UJUL‘,,J,‘,JJLM
S W S S S AP N S S AR ]
é L i
0.2 i S N NN S ]
i 0.2mol/I1 i
0.3 0.8mol/l | NN |
: | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \HH\:\
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-4 logt step2 0.59—0.98MPa
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O T T TTTIIT T T TTTTIT T TTTTIT T T TTTTIT
0.2 NN ]
E i : : : ‘ : ]
=04 St IEEESRRE N\ a
o6 — | | i
i 0.2mol/1 ]
3 0.8mol/I
0.8 L TN
1 i | \\\\\Hi | \\\\\Hi | \\\HHi | \\\\\Hi | \\\\\Hi | \\\\HT
0.0001 0.001 0.01 0.1 1 10 100
[hour]
3.8-5 log t step3 0.98 - 1.61MPa
O [ T \\\HH‘ T \\\HH! T \\\HH‘ T \\HHL
0.4 . R S NN AR S ]
E 0.8 | | ——0.2mol/I j N ]
T | ———0.8mol/1 : : 3 ]

[mm]

3.8-7

1.2 AR T S R— S\ S u

1.6

2 | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]

3.8-6 logt
step4 1.61-2.66MPa 1.61 - 4.38MPa

0.2 - I SN

0.4 |- oo

i 0.2mol/I
0.6 —| ——0.8mol/I

R ]
l i L1 \H\Hi 1 \H\Hi 1 \H\Hi L1 \H\Hi 1 \H\Hi 1 \\\HT
0.0001 0.001 0.01 0.1 1 10 100
[hour]
logt stepdb 2.66 - 4.38MPa
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0 L L] L ITTTT] T T TTTIIT T T TTTTIT T T TTTTIT T T TTTTIT
0.2 NN N ]
Eoal N\ ]
0.6 | 0.2mol/1 e AN A -
i 0.8mol/1 1 : : ]
0.8 | L Bl
1 i | \HHHi | \H\\Hi | \\H\Hi | \HHHi | \HHHi | \H\\Hi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-8 logt
step6 4.38-7.22MPa 5.38 - 7.22MPa
O T TTTTIT T T TTTTT T T TTTIT T TTTTh T TTTTIT T T TTTTT
0.2 I N _
= L ]
S04 L N -
0.6 |- 0.2M00/1 | hemmmeepe e N S .
i 0.8mol/1 ; 3 ! : 1
0.8 L L |
1 i | \HHHi | \\H\Hi | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-9 logt step7 7.22 - 11.89MPa
0 L T TTTTI T T TTTTI T T TTTIIT T T TTTTIT T T TTTTIT T \\HHL
0.2 -
= 0.4 |-
IEI L
0.6 |-
r 0.2mol/1 ! ! ; :
0.8 |- 0.8mol/1 [N e e 3
1 NG ]
1_2 B | \\H\Hi | \\H\Hi | \HHHi | \HHHi | \HHHi | \\H\Hi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-10 logt step8 11.89—19.6MPa
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3.8-5
stepl | step2 | step3 | step4d | stepb | step6 | step7 | step8
2.66
MP . . . . .
[MPal 0.36 0.59 0.98 1.61 (5.38) 4.38 7.22 | 11.89 | 19.60
9 0.002 | 0.234 | 0.748 | 1.841 | | | 0.330_| 0.690 | 0.618
0 0.002 | 0.235 | 0.983 | 2.824 3.154 | 3.844 | 4.461
0.9moyl |01 0023 | 0.245 | 0.841 | 0.890 | 0.672 | 0.671 | 0.674 | 1.096
_ ) 0 0.023 | 0.268 | 1.110 | 2.000 | 2.672 | 3.343 | 4.016 | 5.112
2| o.8moll b 0 | 0.026 | 0.316 | 0.817 | 0.821 | 0.661 | 0.565 | 0.489 | 0.408
- ' 0 0.026 | 0.342 | 1.159 | 1.980 | 2.642 | 3.207 | 3.695 | 4.103
*
[
¢
19.6MPa 4 0.36MPa
3.8-6 1
70 360 NaCl 0.8mol/l
3.8-11
3.8-14
3.8-7
3.8-11 step ul NaCl 0.2mol/1
0.15mm
NaCl 0.2mol/1
NaCl 0.8mol/l NaCl 0.8mol/l
3.8-6
step ul | step u2 | step u3 | step u4 Total
[MPal] 19.6 7.22 2.66 0.98 0.36 [h
our]
72 337 284 360 1052
=
e 0.2mol/1 70 263 335 335 1003
=
0.8mol/l 96 96 144 263 599
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[mm]

3.8-11

[mm]

3.8-12

[mm]

3.8-13

_0-4 T T TTTTIT T \\\HH‘ T T TTTT T T TTTTT T T TTTT T T TTTT T T TTTTIT
i 0.2mol/1 ; ; : ! ]
0.3 - 0.8mol/l | P e 5
oz
R s e S L
0 i | \HH‘ | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
logt stepul 19.6-7.22MPa
_0-8 T T TTTTIT T \HHH‘ T T TTTT T T TTTTT T T TTTTT T TTTTI T T TTTTIT
. 0.2mol/1 || § | | 1
-0.6 - 0.8mol/l i P SN - -
o
s SIS NS B st N
O i 1 HHH‘ 1 \\H\Hi 1 \HHHi 1 \HHHi 1 \\\HHi 1 \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
logt stepu2 7.22-2.66MPa
_0-8 T T TTTTT T \HHH‘ T T TTTTT T T TTTTT T T TTTTT T T TTTTT T T TTTT
= 0.2mol/1 ! ! : , :
-0.6 0.8mol/1 [ P e .
R T e/
e S s B
0 i | LI | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
logt step ud 2.66-0.98MPa
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_0-8 T T TTTTT T \HHH‘ T T TTTTT T T TTTTI T T TTTT T T TTTTT T T TTTTI
3 0.2mol/1 .
_ 0.6 - 0.8mOM/l i e -
E | | ]
SV TR R T M R N 4
oz S
O : | \HHHi | \HHHi | \HHHi | \\HHT

0.0001 0.001 0.01 0.1 1 10 100 1000

[hour]
3.8-14 logt stepu4 0.98—0.36MPa
3.8-7

[MPa] 19.6 7.22 2.66 0.98 0.36

0.2moll |20 TEP00
5112 | 4.813 | 4.225 | 3.468 | 2.890

g 0.154 | -0.246 | -0.360 0.472
B 0.8mol/l  |-----=----m g T TSl
4.103 3.949 3.703 3.342 2.871
[ 1
d
19.6MPa 4
3.8-8 1 70 480
NaCl 0.8mol/1 3t
NaCl
0.8mol/l
3.8-15 3.8-18
3.8-9
steprl
NaCl 0.2mol/1 NaCl 0.8mol/l
NaCl 0.2mol/l
3.8-18 NaCl 0.2mol/l
0.2mm 3.8-5 3.8-9
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3.8-8
step r1 | step r2 | step r3 | steprd Total
[MPal] 0.36 0.98 2.66 7.22 19.6
[hour]
119 168 168 172 627
=3
S 0.2mol/1 215 119 168 168 670
=
0.8mol/1 242 92 71 480 884
0 L T T TTTTI T T TTTT T T TTTTT T \HHL
= 0.1 NN E
s B ]
0z b T k
: 0.2mol/1 .
E 0.8mol/1 E
0_3 : | \H\Hi | \H\Hi | HHHi [ H\\Hi | HHH; | HHHi | \\HH:
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-15 logt steprl 0.36-0.98MPa
0 ,_.__.T_——‘—‘ “““: L L TTTTIT T T TTTTIT T T TTTTI T T TTTTT T T TTTTT
T e
é L ' . . : ' . B
il N
0-6 B 0.2mol/1 ””””” A S N
L 0.8mol/1 ]
0_8 . L \\HH; L \\HHi L \H\Hi L \H\Hi L \\HH; Ll \\\\Hi L \HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-16 log t stepr2 0.98- 2.66MPa

- B8 -


Administrator
テキストボックス
- 58 -


JNC TN8430 2004-005

0 T T TTTTIT T T TTTTIT T T TTTITIT T T TTTTI T T 1T
0425 [ NG |
g i ]
0.5 N ]
0-75 1= o.2mol/t | TS i
i 0.8mol/I il
1 i | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-17 logt step r3 2.66-7.22MPa
0 T T T TTTTT T T TTTTI T T TTTTIT T T TTTTIT T T TTTTT T T T 11T
0.2 | T N i
S ]
04 NN N _
0.6 oo N |
0.8 0.2mol/l | ING .
i 0.8mol/1 il
l i | \\H\Hi | \\H\Hi | \HHHi | \HHHi | \HHHi | \HHHi | \\HHT
0.0001 0.001 0.01 0.1 1 10 100 1000
[hour]
3.8-18 logt steprd 7.22—19.6MPa
3.8-9
steprl | stepr2 | stepr3 | stepr4d
[MPal] 0.36 0.98 2.66 7.22 19.6
S 0.104 | 0.587 | 0.781 | 0.865 |
2.202 2.306 2.893 3.674 4.539
g 0.189 0.544 0.748 0.872
0.2mol/l  |--roomm oo T TS s S
2 o 2.890 | 3.079 | 3.623 | 4.371 | 5.243
0.8mol] | 0111 | 0316 | 0403 | 0.454 |
' 2.871 2.982 3.298 3.701 4.155
[
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Terzaghi 1924
Terzaghi

19

20

Ad~V

3.8.4
3.8.3 Ad t Terzaghi
1981
19 Terzaghi 1924
2
a_g o
ot oz
u
t
CV
VA
H 20
© 2 A,-C, -t
d= leO {1— nz::()ﬂ_n . exp(— Tj}
2
2n+1
A, :( ﬁj
d
dig0 100
H
step3 step u3 stepr3 NaCl 0.2mol/l
step3 stepu3 stepr3 NaCl 0.8mol/l step3 step u3 stepr3
Terzaghi C,
Taylor 1981 Taylor 1948 V't
Ad Vi 3.8-19 3.8-27 Ad-V't
U 53
Ad-VE
Terzaghi 3.8-19 3.8-27
t Ad 0 3.9-10
1/1.15 2 2 Ad-Vt
90 90 Ad90
Adioo Voo V'too 2
too too C,/H? 21
3.8-11 3.8-11
3.8.6 Taylor

stepl step2
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C, _ 0.848 91
H? ty,
3.810 Ad O
NaCl 0.2mol/l NaCl 0.8mol/l

step 3 -0.11 -0.20 -0.02

step u3 0.01 -0.95 -0.81

step r3 -0.18 -0.47 -0.04

3.8-11

step Adgo[mm] | Adioco[mm] V't90 too [hour] Cv/H2
step 3 0.658 0.732 3.616 13.892 0.061
step 6 0.271 0.301 5.178 29.423 0.029
step 7 0.5794 0.644 4.546 27.459 0.031
step 8 0.396 0.439 4.382 18.078 0.047
step ul -0.145 -0.161 3.579 14.843 0.057
step u2 -0.541 -0.601 6.598 52.977 0.016
step u3 -0.596 -0.663 8.219 67.369 0.013
step u4 -0.618 -0.686 9.542 83.194 0.010
step rl 0.092 0.102 4.859 24.017 0.035
step r2 0.527 0.586 5.586 32.175 0.026
step r3 0.696 0.773 5.281 29.824 0.028
step r4 0.604 0.671 3.769 14.864 0.057
step 3 0.719 0.799 2.928 9.800 0.087
step 4 0.712 0.791 3.055 10.765 0.079
step 5 0.558 0.619 3.545 15.144 0.056
step 6 0.561 0.623 3.919 18.772 0.045
z step 7 0.587 0.652 4.356 25.563 0.033
% step 8 0.818 0.909 3.5563 29.734 0.029
; step ul -0.129 -0.143 3.199 14.649 0.058
B step u2 -0.485 -0.5639 5.841 46.968 0.018
.?L step u3 -0.675 -0.750 8.305 85.732 0.009
= step u4 -0.515 -0.572 8.773 80.373 0.011
step rl 0.160 0.178 4.722 23.250 0.036
step r2 0.497 0.552 5.206 30.811 0.028
step r3 0.658 0.732 4.799 27.832 0.030
step r4 0.586 0.651 3.435 13.786 0.062
step 3 0.591 0.657 0.882 0.822 1.032
step 4 0.614 0.682 1.281 1.673 0.507
step 5 0.495 0.549 1.682 2.958 0.287
step 6 0.429 0.477 2.102 4.655 0.182
'z step 7 0.388 0.431 2.463 6.804 0.125
% step 8 0.318 0.353 2.389 6.606 0.128
; step ul -0.137 -0.153 2.590 18.429 0.046
o step u2 -0.205 -0.227 3.198 15.124 0.056
g; step u3 -0.299 -0.333 4.758 31.009 0.027
= step u4 -0.382 -0.424 6.458 47.136 0.018
step rl 0.084 0.093 2.229 5.255 0.161
step r2 0.281 0.312 3.375 11.652 0.073
step r3 0.348 0.387 2.782 7.993 0.106
step r4 0.373 0.414 2.489 6.911 0.123
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3.9-1
[Mg/m?] IMPal | ) \pa) [m/s]

Step 3 1.485 1.612 0.05774 8.689E-13

Step 6 1.680 5.380 0.02340 7.431E-14

Step 7 1.728 7.216 0.00819 4.575E-14

Step 8 1.822 11.892 0.00688 3.798E-14

~ Step ul 1.895 19.600 0.00285 2.250E-14

 Step u2 1.874 7.216 0.00065 6.357E-15

~ Step u3 1.785 2.657 0.00660 1.946E-14

Step u4 1.694 0.978 0.01973 4.967E-14

 Steprl 1.611 0.360 0.05549 1.224E-13

. Stepr2 1.627 0.978 0.00824 6.200E-14

~ Step r3 1.698 2.657 0.01746 9.165E-14

Step r4 1.802 7.216 0.00848 4.377E-14

Step 3 1.495 1.612 0.06304 1.331E-12

Step 4 1.582 2.657 0.03785 6.648E-13

Step 5 1.665 4.378 0.01801 2.073E-13

Step 6 1.751 7.216 0.01098 9.419E-14

z Step 7 1.851 11.892 0.00697 4.031E-14

2 Step 8 2.002 19.600 0.00589 2.600E-14

= | Stepul 1.983 7.216 0.00058 5.253E-15

b | Step u2 1.894 2.657 0.00591 1.795E-14

?;; ~ Step u3 1.776 0.978 0.02234 4.107E-14

= Step u4 1.699 0.360 0.04628 9.723E-14

~ Steprl 1.721 0.978 0.01438 1.023E-13

. Step r2 1.797 2.657 0.01644 8.253E-14

~ Step r3 1.906 7.216 0.00802 4.072E-14

Step r4 2.019 19.600 0.00263 2.469E-14

Step 3 1.477 1.61 0.04268 1.884E-11

Step 4 1.575 2.66 0.03264 3.712E-12

Step 5 1.654 4.38 0.01597 9.510E-13

Step 6 1.728 7.22 0.00840 2.967E-13

z Step 7 1.798 11.89 0.00461 1.046E-13

2 Step 8 1.859 19.60 0.00229 5.089E-14

= | Stepul 1.844 7.22 0.00062 4.973E-15

® | Stepu2 1.810 2.66 0.00249 2.521E-14

a ~ Step u3 1.761 0.98 0.00990 5.097E-14

= Step u4 1.702 0.36 0.03430 1.225E-13

 Steprl 1.708 0.98 0.00754 2.404E-13

 Step r2 1.751 2.66 0.00930 1.285E-13

~ Step r3 1.805 7.22 0.00424 8.153E-14

Step r4 1.869 19.60 0.00167 3.522E-14

- 72 -



Administrator
テキストボックス
- 72 -


JNC TN8430 2004-005

3.9
3.9.1

=0r

3.9-1
=0c¢ Or
7020912
v 0
3.9-2
/Jaa\
&Ea
//”——\
-~ N
\\_/’//
Er
7~ o
o
.
- ~

w

p=on=(0zt207) 3
4= 0+Or
T=(0-0y) 2
1=1(1-eX1-&/7

3.9-1

- 73 -

Oa


Administrator
テキストボックス
- 73 -


JNC TN8430 2004-005

i Qmn,
v|
X
~ Lf"'
| : I ]
3.9-2
3.9.2
1.4 Mg/m3 30wt
@=30mm hA=60mm
0.4MPa 0.01 min? 0.006mm min™
e~15% NaCl
0.2 0.4 0.8mol/l 1 1
NaCl 0.4 mol/l
NaCl 0.4 mol/l 2
JGS T 523 3.9-1
3.9-2
3.9-1
NaCl NaCl NaCl
0.2mol/l 0.4mol/l 0.8mol/l
Vi1
[wt%] 30
[Mg/m?] 1.40
[-] 30
[mm] @30><h60
[%] 6.04
1 | 1 | 2 1
[ ] 20
[MPal 0.575
[MPal 0.175
[% min] 0.01 0.006mm min'!

- 74 -


Administrator
テキストボックス
- 74 -


JNC TN8430 2004-005

3.9.3

S A R

10.

11.
12.
13.

3.9.4
(a)

(b)

3.8

3.9-2
0.8MPa
2kN 10kN 20kN
1.0MPa
50mm
25¢cc
1
3t
B
0.01% min'
15%
2Mm
0.3MPa
1
0.575MPa
0.4MPa 0.4 MPa

- 75 -

0.175MPa
3.4


Administrator
テキストボックス
- 75 -


JNC TN8430 2004-005

3.9-3
3.7
100
60mm
3.9-3 12
AH:
23 AV
3AH
AV, = -1V, 23
Ho
HO VO
0.4MPa 1.5 3.3cm3
H, V, AH, AV,
Vi(=V, —AV)) H,(=H, -AH)) Dl(:2\/;1_ﬂHl) 3.9-4
3.9-3
[Mg/m’] lg] [em] [cm] lg] [cm] [cm] lg] 1%] 1%] [Mg/m’]
1]71.84 | 295 593 | 86.83 | 3.00 6.12 69.05 25.75 101.62 1.37
0.2] 117205 | 295 5.95 | 86.89 | 3.00 6.10 69.32 25.35 101.28 1.37
1.40 NaCl 1] 72.10 | 2.95 5.97 87.17 | 3.00 6.15 69.3 25.79 102.40 1.37
0.4
[mol/] 2| 71.91 2.95 5.97 87.14 | 3.00 6.15 69.13 26.05 101.66 1.36
0.8]1]71.92 | 295 594 | 86.98 | 3.00 6.12 69.31 25.49 101.01 1.37
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