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Extrusion and erosion of bentonite buffer
(Research Document)

Kazuhiro Matsumoto , Kenji Tanai

Abstract
The extrusion and erosion of bentonite buffer is one of the important issues on physical stability of
bentonite buffer in the HLW geological disposal. This report provides the results of the
measurement on the extrusion behave of bentonite buffer with artificial sea water and of the analysis
of bentonite colloid with distilled water in order to understand the erosion behavior of bentonite
buffer. The applicability of X-ray CT to evaluate the extrusion behave of bentonite buffer is
presented.

Results are as follows;

1) Extrusion
The spread of bentonite extrusion into a fracture with artificial sea water(ionic strength:0.64) is
smaller than that with distilled water. The proportionally constant which presents to relation
between outflow distance and time gives;
A =5.4707 x 10~ - exp(3.0091 pp,)
where, fracture width d : 1.5mm, effective clay density pp-1.37  py, 1.80 [Mg/m’].
Swelling pressure with artificial sea water indicate to be similar value of swelling pressure under
restraint condition.
Average dry density of bentonite into a fracture is approximately 0.5 Mg/m3 without dependence on
fracture wide and time.
X-ray CT method is available to evaluate the density distribution as a distractive measurement.
2) Erosion
The concentration of bentonite colloid decrease with time and is approximately 3ppm with flow
velocity of 106 m/s.

The average particle diameter of erosion colloid increase with time and is about 300-400nm.

Barrier performance group, West isolation research division,
Waste management and fuel cycle research center

Inspection Development Corporation
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3.1.2
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Bc[-]1 [hm  (hr)¥?]
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[MPa]
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3.6
3.1.4
3.1.4.1
3.2
3.1.1
3.2
[mm] [Mg/m°] [%] [%]
1.6Mg/m? 1.5 1.605 28.04 112.45
1.8Mg/m? 1.5 1.800 23.57 129.56
1.8Mg/m? 1.5 1.799 25.56 138.17
3.1.4.2
(2003) 0.4Mg/m?
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3.3
3.4
3.7
1%
3.3
[mm] [cn’] [Mg/m] [g]
1.6Mg/m? 1.5 0.490 0.4 0.196
1.8Mg/m? 1.5 1.583 0.4 0.633
1.8Mg/m? 1.5 2.187 0.4 0.875
3.4
[mm] [Mg/m*] [Mg/m*] [%]
1.6Mg/m? 1.5 |1.607 1.605 0.12
1.8Mg/m? 1.5 [1.806 1.800 0.36
1.8Mg/m® 1.5 |1.808 1.799 0.49
1
- 1.6Mg/m3
0.8 1 A 1.8Mg/m®
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T0e . . ]
i I
0.4 ST i
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02l A SUUUUNS TOUUUUNN USSR SO SRR
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0 \ \ \ \ \ \
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3.6

[mm] [mm] [a] [9] Lol [9] [%] [Mg/m’]
10 0.0257 0.0793 0.2580 0.1924 75.06 | 0.631

20 0.0260 0.0793 0.2618 0.1869 91.79 | 0.589

30 0.0238 0.0793 0.2398 0.1676 |111.94| 0.466

40 0.0256 0.0793 0.2495 0.1672 ]132.10| 0.450

50 0.0260 0.0793 0.2436 0.1591 |157.06| 0.388

4.2 60 0.0259 0.0793 0.2348 0.1503 ]187.36| 0.326
70 0.0249 0.0793 0.2244 0.1406 |230.22| 0.263

80 0.0236 0.0793 0.2153 0.1322 |283.62| 0.211

90 0.0251 0.0793 0.2119 0.1247 |429.56| 0.147

100 0.0288 0.0793 0.2099 0.1136 |1750.91| 0.040

0.0793 12.6068 9.6767 30.53 | 1.527

[mm] [mm] [o] [g] [o] [g] [%] [Mg/m’]
7 0.0793 0.2083 0.1569 66.24 | 0.565

17 0.0204 0.0793 0.3620 0.2359 92.58 | 0.694

27 0.0213 0.0793 0.3741 0.2349 ]103.65| 0.684

37 0.0209 0.0793 0.3363 0.2067 |121.69| 0.542

47 0.0192 0.0793 0.3239 0.1928 |139.02| 0.480

57 0.0213 0.0793 0.3280 0.1879 |160.48| 0.445

5.0 67 0.0201 0.0793 0.3115 0.1734 ]186.62| 0.377
77 0.0209 0.0793 0.2753 0.1548 |220.70| 0.278

87 0.0202 0.0793 0.2900 0.1527 |258.08| 0.271

97 0.0205 0.0793 0.2830 0.1434 1320.18| 0.222

107 0.0205 0.0793 0.2541 0.1294 |421.28| 0.151

117 0.0216 0.0793 0.2938 0.1211 |854.95| 0.103

0.0793 12.3729 9.2689 33.78 | 1.463

[mm] [mm] [a] [o] [o] [g] [%] [Mg/m’]
10 0.0340 0.0793 0.5272 0.3332 88.22 | 0.778

20 0.0329 0.0793 0.4880 0.3036 96.34 | 0.677

30 0.0336 0.0793 0.4783 0.2838 |113.81| 0.604

40 0.0323 0.0793 0.4633 0.2628 |132.61| 0.535

50 0.0329 0.0793 0.4500 0.2451 |154.18| 0.470

60 0.0345 0.0793 0.4448 0.2324 1179.09| 0.419

6.0 70 0.0313 0.0793 0.4028 0.2064 |205.01| 0.339
80 0.0327 0.0793 0.3835 0.1917 |240.65| 0.282

90 0.0351 0.0793 0.3943 0.1871 |285.01| 0.257

100 0.0328 0.0793 0.3728 0.1688 |359.79| 0.201

110 0.0333 0.0793 0.3712 0.1544 |518.66| 0.148

120 0.0361 0.0793 0.3728 0.1439 |803.16| 0.101

0.0793 12.0757 8.7916 37.69 | 1.387

-18-
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3.2.1.3
140 160ml
3.12
3.12
27.12VWHz
-1.8kw
®
ICP-AES (3600 /mm),

(SPS-1700VRS) 160 500nm

»
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27.12MHz
I1CP-MS -1.6kW
(HP4500)
2 280amu
0.6 6000nm
¢ ) ZS
( M3-PALS ) :-150 150mV
PH pH -9610-10D
F-21 pH 0 14.00
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3.13
ICP-AES I1CP-MS
12.0 mm
B

1.30 kw 0.6 kw

0.2 kgf/cm? 1.0L/min
16L/min 16L/min

17mm

0.5/min 1.0L/min

Mg:285.213nm,Al:396.152nm,Si:251.611nm

Mg:24amu,Al:27amu

23

23

1000

1000

3.14 Si, Al, Mg

Si Al Mg
Lday] | Imt/mind | In/SY |ty | [ppng | [opnil | [ppmd | [ppml | [ppn]
10 0.01 2E-6 109 1.8 43 0.05 9.0 0.02
21 0.01 2E-6 101 0.73 40 <0.02 8.1 <0.01
31 0.01 2E-6 70 0.86 27 <0.02 5.5 <0.01
41 0.01 2E-6 49 0.61 19 <0.02 3.9 <0.01
51 0.01 2E-6 33 0.46 12 <0.02 2.6 <0.01
61 0.01 2E-6 23 0.64 8.5 <0.02 1.8 <0.01
72 0.01 2E-6 17 0.54 6.1 <0.02 1.3 0.01
83 0.01 2E-6 13 0.68 4.7 <0.02 1.0 <0.01
94 0.01 2E-6 8.2 0.74 3.1 <0.02 0.7 0.02
105 0.01 2E-6 5.5 0.48 2.1 <0.02 0.5 0.02
118 0.01 2E-6 4.3 0.67 1.5 <0.02 0.3 0.03
130 0.01 2E-6 3.8 0.62 1.4 <0.02 0.3 0.02
142 0.01 2E-6 2.9 0.16 0.9 <0.02 0.2 0.02
154 0.01 2E-6 1.3 0.13 0.5 <0.02 0.2 0.03
165 0.01 2E-6 1.1 0.19 0.4 <0.02 0.1 0.03
176 0.01 2E-6 1.3 0.18 0.4 <0.02 0.1 0.04
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3.15
[day] | [mi/min] | [n/s] [mosl'/L] " OAI'/L] [mOMlg/L] si Al Mg
10 0.01 2E-6 3.8E-03 | 1.6E-03 | 3.7E-04 | 4.00 1.67 0.39
21 0.01 2E-6 3.6E-03 | 1.5E-03 | 3.3E-04 | 4.02 1.67 0.38
31 0.01 2E-6 2.5E-03 | 1.0E-03 | 2.3E-04 | 4.11 1.67 0.38
41 0.01 2E-6 1.7E-03 | 7.0E-04 | 1.6E-04 | 4.09 1.67 0.38
51 0.01 2E-6 1.2E-03 | 4.4E-04 | 1.1E-04 | 4.35 1.67 0.40
61 0.01 2E-6 8.0E-04 | 3.2E-04 | 7.4E-05 | 4.22 1.67 0.39
72 0.01 2E-6 5.9E-04 | 2.3E-04 | 5.3E-05 | 4.33 1.67 0.39
83 0.01 2E-6 4.4E-04 | 1.7E-04 | 4.1E-05| 4.21 1.67 0.39
94 0.01 2E-6 2.7E-04 | 1.1E-04 | 2.8E-05| 3.86 1.67 0.41
105 0.01 2E-6 1.8E-04 | 7.8E-05 | 2.0E-05 | 3.84 1.67 0.42
118 0.01 2E-6 1.3E-04 | 5.6E-05 | 1.1E-05| 3.88 1.67 0.33
130 0.01 2E-6 1.1E-04 | 5.2E-05 | 1.2E-05 | 3.64 1.67 0.37
142 0.01 2E-6 9.8E-05| 3.3E-05| 7.4E-06 | 4.88 1.67 0.37
154 0.01 2E-6 4.2E-05 | 1.9E-05 | 7.4E-06 | 3.75 1.67 0.67
165 0.01 2E-6 3.2E-05 | 1.5E-05 | 2.9E-06 | 3.65 1.67 0.32
176 0.01 2E-6 4.0E-05 | 1.5E-05 | 2.5E-06 | 4.49 1.67 0.28
V1
3.15 Si, Al
Mg
Al
3.27
(1991)
(Na, Cayn)o.as (AlyeMdo.ss)S1,0,0(0H),  F.W.=373.6
3.35
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Na

(1994)
Ca
3.16
[day] | [mI/min] | [m/s] [ppm]
10 0.01 2E-6 356
21 0.01 2E-6 332
31 0.01 2E-6 224
41 0.01 2E-6 158
51 0.01 2E-6 100
61 0.01 2E-6 70
72 0.01 2E-6 51
83 0.01 2E-6 39
94 0.01 2E-6 26
105 0.01 2E-6 17
118 0.01 2E-6 12
130 0.01 2E-6 12
142 0.01 2E-6 7
154 0.01 2E-6 4
165 0.01 2E-6 3
176 0.01 2E-6 3
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3.17
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8.1

3.18
[day] [ml/min] [m/s] [nm] [mV]
10 0.01 2E-6 295 -35
21 0.01 2E-6 293 -35
31 0.01 2E-6 299 -39
41 0.01 2E-6 316 -34
51 0.01 2E-6 339 -33
61 0.01 2E-6 360 -34
72 0.01 2E-6 352 -33
83 0.01 2E-6 340 -35
94 0.01 2E-6 366 -33
105 0.01 2E-6 422 -32
118 0.01 2E-6 410 -32
130 0.01 2E-6 413 -34
142 0.01 2E-6 412 -31
154 0.01 2E-6 394 -32
165 0.01 2E-6 341 -30
176 0.01 2E-6 420 -30
600 . .
500 T
= 4001 Cece, -
= e, °
30r @ @ ® i
200 F .
100 .
O 1 1
0 100 150 200
[day]
3.36
pH
pH 3.19 3.20
pH 3.37 pH 10
6.5
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(1994)
F pH
pH 10 Na* S0, HCO,™+C0,*
Vi pH
Vi pH
Na pH
pH S0,>
pH
Na*
Na
pH pH
[ml/qg]
pH
27
pH
S0~ HCO,™+C0,*
3.19 pH
9610-10D

4.01

6.86

9.18

23
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pH [-]

3.20 pH
. pH
[day] [ml/min] [m/s]
10 0.01 2E-6 8.1
21 0.01 2E-6 7.3
31 0.01 2E-6 7.3
41 0.01 2E-6 7.3
51 0.01 2E-6 7.0
61 0.01 2E-6 7.1
72 0.01 2E-6 7.0
83 0.01 2E-6 6.6
94 0.01 2E-6 6.7
105 0.01 2E-6 6.5
118 0.01 2E-6 6.7
130 0.01 2E-6 6.6
142 0.01 2E-6 6.4
154 0.01 2E-6 6.3
165 0.01 2E-6 6.4
176 0.01 2E-6 6.5
9 T T T
8.5 .
8f -
75F o 7
as o © o .
co.
6.5 . g~ oo ° i
61 i
5.5 i
5 1 1 1
0 50 100 150
[day]
3.37 pH
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