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Hydraulic characteristics of Buffer Material-I1

The influence which saline water exert on hydraulic properties of bentonite buffer material

(Testing Document)

Hirohito KIKUCHI**, Kenji TANAI*, Kazuhiro MATSUMOTO**,
Haruo SATOU*, Kenichi UENO*, and Takeshi TETSU*

Abstract

By the second progress report(H12) on research and cevelopment for the geological
disposal of HLW in Japan, Japan Nuclear Cycle Development Institute (JNC) extended
the database on basic properties of compacted bentonite, and this was mainly obtained by
using distilled water as test fluid.

This report presents influence of dry densities, silica sand content and temperature on the
hydraulic properties of compacted bentonite under condition of marine-based groundwater,
which was simulated by use of synthesized seawater.

We found that hydraulic conductivity increases with increasing temperature, and the
relationship between effective clay density and intrinsic permeability is obtained by the
following equation.

k =exp(- 47.155 +15.138r ,, - 7.878r %)

where K is intrinsic permeability[mz], r  is effective clay density[Mg/ma].

Intrinsic permeability using synthetic seawater as test fluid is about ten times higher
then that under distilled water condition.

Difference between them however becomes smaller with increasing dry density.

We also examined the smectite layers distance after test samples, but remarkable change
was not found between them.

* Barrier performance group, Waste isolation research division,
Waste management and fuel cycle research center, Tokai works

** Inspection Development Corporation
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3.2

4-3
Vi
[Mg/n] 1.2 1.4 1.6 1.8 1.4 1.6 1.8
[%] 0 30
[ 1 25 60 90
[mm] @ 50x h10 @ 50x h5
[MPa] 0.1 0.5
ASTM D-1141-98
4-4
[ppm]

cr 19200 JIS-K-0102 35.1
S0 2740 JIS-K-0102 41.2
HCO;" 140 JIS-K-0102 25.2
F 1.2 JIS-K-0102 34.1
Br 65 JIS-K-0102 37.1
B0 26 JIS-K-0102 47.1
Na’ 10300 JIS-K-0102 48.2
K* 410 JIS-K-0102 49.2
ca** 420 JIS-K-0102 50.2
Mg 1310 JIS-K-0102 51.2

sr* 61

0.72 NaCl: 0.42
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100%
3 5 11 2.682Mg/r
1990
5-1
r.d r.d
Mg/m? W% n - S % Mg/m®
48.14 55.29 105.10 1.207
1.2 48.09 55.05 106.03 1.214
44 .86 54 .88 99.58 1.218
34.40 48.01 100.56 1.404
1.4 37.55 48.11 109.36 1.401
35.42 47.86 104.17 1.408
27.33 39.81 111.56 1.625
1.6 26.76 39.81 109.26 1.625
27.42 39.73 112.28 1.627
22.51 33.64 119.90 1.792
1.8 22.01 33.23 119.41 1.803
22.48 33.28 121.65 1.801
33.11 47.23 99.21 1.415
1.4 33.71 46.77 102.90 1.428
33.90 46.68 103.87 1.430
27.55 40.51 108.51 1.596
1.6 26.74 40.13 107.51 1.606
26.54 40.03 106.61 1.608
19.45 33.36 104.89 1.799
1.8 19.64 33.17 106.87 1.804
20.53 33.68 109.18 1.791
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90 25
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5-2
[m/s]
[Mg/m?] [Mg/m?]
1.2 1.4 1.6 1.8 1.4 1.6 1.8
.23E-11 § 1.33E-11 | 1.39E-12 | 2.24E-13 | 4.52E-11 | 1.62E-11 i 2.11 E-12
25 | 3.79E-11 | 1.66E-11 | 1.30E-12 | 2.18E-13 | 4.35E-11 | 1.42E-11 | 2.24 E-12
J97E-11 § 1.54E-11 | 1.21E-12 | 2.51E-13 | 4.31E-11 | 1.54E-11 i 2.38 E-12
J69E-11 | 2.20E-11 | 2.94E-12 | 4.56E-13 | 6.22E-11 | 3.01E-11 | 4.34 E-12
60 | 5.29E-11 | 2.15E-11 | 2.48E-12 | 4.48E-13 | 6.47E-11 | 2.88E-11 | 4.48 E-12
.39E-11 | 2.56E-11 | 2.67E-12 | 4.67E-13 | 6.14E-11 | 2.93E-11 | 4.67 E-12
.15E-11 | 3.22E-11 | 4.00E-12 | 6.00E-13 | 7.80E-11 | 4.20E-11 i 6.20 E-12
90 | 6.35E-11 | 3.22E-11 | 4.79E-12 | 6.74E-13 | 1.70E-10 | 4.26E-11 | 6.44 E-12
.67E-11 | 3.22E-11 | 4.09E-12 | 6.09E-13 | 7.28E-11 | 3.99E-11 | 6.50 E-12
.70E-11 | 2.30E-11 | 2.69E-12 | 4.69E-13 | 6.22E-11 | 3.01E-11 i 4.31 E-12
60 | 5.32E-11 | 2.25E-11 | 2.38E-12 | 4.28E-13 | 6.47E-11 | 2.91E-11 | 4.48 E-12
J44E-11 | 2.67E-11 | 1.67E-12 | 4.62E-13 | 6.14E-11 | 2.93E-11 | 4.69 E-12
.33E-11 i 1.37E-11 | 1.67E-12 | 2.67E-13 | 4.51E-11 | 1.49E-11 i 2.18 E-12
25 | 3.80E-11 | 1.71E-11 | 1.80E-12 | 2.80E-13 | 4.36E-11 | 1.45E-11 | 2.24 E-12
.00E-11 i 1.54E-11 | 1.61E-12 | 2.61E-13 | 4.34E-11 | 1.36E-11 i 2.38 E-12

10
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5.3

JACOB BEAR, 1979

K [m/s] K [m]

r [kg/n] g [m/s?] b [Pa s]

5-3
( 2001; 2000)
( 1991;
2000) Appendix
k=krg/m 6
5-3
1
[ 1 r [g/cn’] [ ] r [g/cn’]

0 1.0286 45 1.0180

10 1.0277 50 1.0158

15 1.0272 60 1.0100

20 1.0266 70 1.0056

25 1.0254 80 0.9996

30 1.0221 90 0.9933

40 1.0196
2
[ 1 nmwPa s] n [mm?/s] [ 1 m[mPa  s] n [mm?/s]

10 1.3548 1.3183 45 0.6149 0.6041
15 1.1760 1.1449 50 0.5555 0.5468
20 1.0355 1.0086 60 0.4670 0.4620
25 0.9135 0.8909 70 0.4047 0.4024
30 0.8166 0.7990 80 0.3547 0.3549
40 0.6793 0.6663 90 0.3184 0.3206

12
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5-4
[]
[Mg/m?] [Mg/m?]
1.2 1.4 1.6 1.8 1.4 1.6 1.8

3.84E-18 .21E-18 ¢ 1.26E-19¢ 2.03E-20| 4.11E-18: 1.47E-18 .92E-19

25 3.44E-18 | 1.51E-18: 1.18E-19: 1.98E-20| 3.95E-18: 1.29E-18 ! 2.03E-19
4_.51E-18 { 1.40E-18 1.10E-19i 2.28E-20| 3.92E-18: 1.40E-18{ 2.16E-19

2 .68E-18 .08E-18: 1.39E-19: 2.14E-20| 2.93E-18: 1.42E-18 : 2.05E-19

60 2.49E-18 : 1.01E-18: 1.17E-19: 2_.11E-20| 3.05E-18: 1.36E-18: 2.11E-19
3.01E-18 : 1.21E-18: 1.26E-19: 2_.20E-20| 2.89E-18: 1.38E-18: 2.20E-19
2.34E-18 .05E-18: 1.31E-19: 1.96E-20| 2.55E-18: 1.37E-18: 2.03E-19

90 2.08E-18 : 1.05E-18: 1.57E-19: 2.22E-20| 2.52E-18: 1.39E-18: 2.10E-19
2.51E-18 : 1.05E-18: 1.34E-19: 1.99E-20| 2.38E-18: 1.30E-18: 2.12E-19

14
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/ 20 mA 206 /6 D,W,
Quartz 2 30°
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5-6 X
N Cu K-ALPHA1
/40KkV/20mA
RINT2000
1.000° / min
20 / 6 0.010°
2.000 ° 2.000 °
D,W, 30.000° S, W, 35.000°
1/2deg. 1/2deg.
(DS) (SS)
0.3mm 8mm 10mm 12 mm
(RS)
21 26 25 37
5.4.2
1.2Mg/m?
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10mm 8 12oim 3
3
10
5-16
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1.8Mg/m 15 3 2
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Intensity [cps]

Distilled water
----------- Synthetic seawater

p d:1.2 [Mg/m*]

““““““““

p =1.4 [Mg/m]
"\

p =1.6 [Mg/m

0 718 Do/,

2 4 6 8 10
20 (cuka )[deq]
5-16
10mm
5-7
[Mg/n’]
12 Na-Montmorillonite-18A Na-Montmorillonite-18A
) Na-Beidellite-12A Quartz | Na-Beidellite-12A Quartz
14 Na-Montmorillonite-18A Na-Montmorillonite-18A
’ Na-Beidellite-12A Quartz | Na-Beidellite-12A Quartz
Na-Montmorillonite-15A Na-Montmorillonite-15A
1.6 Na-Montmorillonite-18A Na-Montmorillonite-18A
Na-Beidellite-12A Quartz | Na-Beidellite-12A Quartz
e Na-Montmorillonite-15A Na-Montmorillonite-18A
’ Na-Beidellite-12A Quartz | Na-Beidellite-12A Quartz

24

0.0

o-t——
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5-8
NO. % % -
- [l 4] | e
1.2A 80 45.14 55.08 99.40 1.21
1.2B 84 44 .56 55.55 96.26 1.20
1.2C 71 45.15 55.61 97.31 1.20
1.4A 230 33.60 47.54 100.11 1.42
1.4B 250 34.19 47.24 103.09 1.42
1.6A 480 26.24 40.82 103.72 1.60
1.6B 480 2427 39.52 100.28 1.63
1.6C 490 24.61 39.87 100.19 1.62
1.8A 1330 18.24 33.09 99.55 1.81
1.8B 1510 18.27 32.56 102.15 1.82
5-9
NO. % % -
(k] 4] ] o [ .
1.2A 100 44 .24 54.96 97.88 1.22
1.2B 110 45.73 54.49 103.10 1.23
1.4A 230 33.63 47.24 101.41 1.42
1.6A 560 25.84 40.70 101.68 1.60
1.8A 1200 18.29 32.98 100.39 1.81
6
1
2
2

25
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Vi
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? 2 JNC
TN1400 99-020 024 1999
) 1990
1977
1987

PNC TN8430 93-003 1993

- - ?

- PNC TN8410 90-060 1990

3wt%NaCl Ca -7
, 2003
1991

PNC TN8410 92-057 1992
JACOB BEAR Hydraulics of Groundwater McGraw-hill publishing company
1979
JISK0061. 2001
- JISZ 8803 1991
13 2000

PNC TN8410 97-296 1997
18
p.2.19-1 2002

R.N.Yong “Soil suction and soil-water potentials in swelling clays in engineered
clay barriers” Eng.Geol.,54,3-14 1999
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1
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1.4
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D :[(WZ - WO)/(VVI - WO)], (r wo T a)+ra
D [0/cm?]
W, [al
W [9]
W, [d]
Wz - Wo [g]
W, - W, [a]
- [o/cr’]
M [o/cif]
1-2 1-2  test-1 test-2
Riley and Skirrow,1975
1998 Cl 19200 ppm]
Cl 19056 [ppm]
test-1 test-2 40[ 1
Cl
test-2 90[ 1
1_05 N T T T T T T P Water
- A  seawater(Chemica Oceanography)
i O test-1
1.03 & A test-2
— 1.02 [ e
= _ _
5 _ i
E) l _
> 1t
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1-2
test-1 test-1 test-2 test-2
3 3
[ 1| r,[o/cm]| r, [g/cm’] Draeny | Digren] | Dig/enl | Dosen]
1.031152
1.028832
1.030308 1.028216
1.030721 1.028293
1.0306 1.028891
0 0.99984 0.001293 1.029359 1.0302 1.028504 1.0285
1.030432 1.028447
1.029587
1.03083
1.029775
1.027293
1.026653
1.019519
1.027577 1.0273
1.0276
1.027242
10 0.99970 0.001247 1.026774 1.0293 1-8;;2 1.0277
1.038100 )
1.042351 1.0283
1.027100
1.026892
1.029028
1.028276
1.02847 1.0269
1.028856 1.0275
1.029037 1.0277
15 0.99910 0.001226 1.028391 1.0288 1.0271 1.0272
1.028748 1.0266
1.028735
1.029761
1.028752
1.027294
1.026487
1.026764 1.0265
1.027003 1.0264
1.027272 1.0276
20 0.99820 0.001205 1.026714 1.0270 1.0261 1.0266
1.026966 1.0263
1.02697
1.028099
1.026886
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1-2
test-1 test-1 test-2 test-2
3 3
[ 1| r,[o/cn®] | r, [g9/cn] Draene] | D lg/en] D [g/cn™] D [g/cn™]
1.024896
1.024111
L.024497 1.025345
1.025621
1.025536
1.024849
25 | o0.00704 | o0.001184 | .0 | 1.0247 1.027368 1.0254
1.024252
1.02443 1.024358
1.024538
1.025615
1.024357
1.021911
1.02195
e
" ooor1s 1.023232
30 | 0.99565 | 0.001165 |  gopgra | 1-0226 {{2iiii§ 1.0221
1.022787 '
092607 1.022534
1.023918
1.022798
1.01982
1.019689
1.018309 1 02203
1.018809 1.019638
40 | 0.99222 | 0.0011236 %{ﬁiﬁiﬁf 1.0193 :fkgﬁigi 1.0196
1.018741
L 018705 1.019043
1.020529
1.01973
1.018351
1.017478
45 | 0.99021 | 0.0011052 — — 1.01784 1.0180
1.017739
1.0184
1.015416
1.015763
50 | 0.98804 | 0.001014 — — 1.01575 |  1.0158
1.016045
1.016
1.010843
1.011337
60 | 0.9832 | 0.0010544 — — 1.010511 | 1.0100
1.009838
1.007632
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[

]

r, [g/cm?]
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test-1

D [g/¢cm®]
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70
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2-2
[ 1] n,
t, [s] t,[s] n [mm%/s] r [g/cm®] | mr[mPa s]
[mm?/s] IM [mPa s]
0 1.792 — — — 1.0285 — —
204 206 1.3191 1.3556
10 1.307 204 206 1.3185 1.0277 1.3551 1.3548
204 205 1.3173 1.3538
180 181 1.1450 1.1762
15 1.139 180 180 1.1450 1.0272 1.1762 1.1760
180 181 1.1445 1.1756
152 152 1.0042 1.0309
20 1.0038 151 152 1.0106 1.0266 1.0375 1.0355
151 152 1.0111 1.0379
140 140 0.8930 0.9157
25 0.893 141 140 0.8867 1.0254 0.9092 0.9135
140 140 0.8930 0.9157
131 130 0.7949 0.8125
30 0.801 130 131 0.8072 1.0221 0.8250 0.8166
131 130 0.7949 0.8125
106 108 0.6704 0.6836
40 0.658 107 107 0.6580 1.0196 0.6709 0.6793
106 108 0.6704 0.6836
0.602 97 98 0.6082 0.6192
45 98 98 0.6020 1.0180 0.6128 0.6149
98 98 0.6020 0.6128
90 90 0.5512 0.5599
50 0.554 91 90 0.5444 1.0158 0.5530 0.5555
91 90 0.5449 0.5535
79 77 0.4631 0.4677
60 0.475 79 77 0.4627 1.0100 0.4674 0.467
79 77 0.4616 0.4662
70 69 0.4042 0.4065
70 0.413 71 69 0.4021 1.0056 0.4044 0.4047
71 69 0.4010 0.4032
63 61 0.3543 0.3542
80 0.365 63 61 0.3556 0.99963 0.3555 0.3547
63 61 0.3546 0.3545
56 56 0.3223 0.3201
90 0.326 57 55 0.3189 0.99334 0.3168 0.3184
57 56 0.3205 0.3184

12
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