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An Estimation of the Effecticve Diffusion Coefficients and Distribution
Coefficients of Iodine in Granodiorite and Sandstone Saturated by
Synthetic Cement Pore Water and Synthetic Groundwater

(Research Document)

Hiroshige KATO*, Morihiro MIHARA**, Akira HONDA**

ABSTRACT

Cementitious materials will be used expensively in the TRU waste repository. The
cementitious materials will keep the high pH condition (pH<12) in the pore water of
repository and the surrounding environment for long period. Thus it is necessary to obtain
the data measured under the high pH conditions for the performance assessment of the TRU
waste repository. However the uumber of the available data are limited. On the other hand,
iodine-129 is an important nuclide because of its long half-time and poorly-sorbing nature.
Therefore the effective diffusion coefficients De and distribution coefficients Kd of iodine in
both crystalline rock and sedimentary rock were estimated in this study. Granodiorite and
sandstone were selected as an example of crystalline rock and that of sedimentary rock
respectively. Through diffusion experiment were carried out in an argon atmosphere.

The diffusivity of iodine in both type rocks saturated by synthetic cement pore water was
reduced with increasing experimental period. The analysis of experimental results suggested
that this phenomenon was caused by decrease of De values. For granodiorite, the De values
obtained in this study using synthetic cement pore water were 2 orders of magnitude smaller
than literature values which obtained at neutral pH. For sandstone, the De values using
synthetic cement pore water were 1 - 2 orders smaller than literature values, however those
using synthetic groundwater were consistent with literature values. SEM observation of
sandstone after the diffusion experiment showed that the secondary mineral coated the
surface of sandstone. These observation results suggested that decrease of De value in case
of synthetic cement pore water was ascribed to the precipitation of secondary mineral.

In this study, Kd values of iodine on sandstone were 1.7 x 103 - 3.0 x 103 m3/kg in synthetic
groundwater. However Ad values of other cases could not be estimated.

* Inspection Development Company Ltd.

** Materials Research Group, Waste Isolation Research Division, Waste Manegement and
Fuel Cycle Research Center, Tokai Works

11



JNC TN8400 2004-020

/200 2
/2N 2
/25 N 7

B L e e e e e e 11
3.2 De Kd e 21

NS Otk
@
O

o) 3., TSSO SU SRR -3

QI R

111



JNC TN8400 2004-020

T e e e e e e e e e 2
T e e e e aaaa s 4
T e 4
T e — e e e e e e e e ——————aae e e e e e ————aaaaaaaaans 6
T e ————— e e e e e e e e aaaaaaaaas 9
T e e 10
-7 CW Co =
IX10IMONL oo 13
-8 CW
Co=1x10"mol/Li oo, 14
-9 CW GW Co
S IXI0MMONLL e 15
- 10 CW Co =
1X10MMONL o 16
-11 CW
Co=1x10*mol/Li ... 17
- 12 GW Co =
IXT0MMONLL oo 18
- 13 GW
1 Co=1x10"mol/L ....ccocoiiiiiiiiieeeeeeeeee e, 19
- 14 GW
2 Co=1x10"mol/L ...l 20
-15 De Kd
............................................................................................................................................ 24
-16 De Kd e 25
- 17 De 26
-18 De e 26
-19 SEM e 28
-20 CW SEM e 29
-21 GW SEM e 30
-22 CW SEM
B DS e 31
- 23 GW SEM
B D S e 31

v



JNC TN8400 2004-020

T G e ————————————————————————————aaaaaaaaaeeaeeaeens 3
T2 GW e e e — e e e ——a e e e e a—aeeeeaaareeeearraeaaanns 3
> T 5
- 2T 5
-5 De G 21
. 2O RPNt 27



JNC TN8400 2004-020

1.
MOX TRU TRU
TRU (o B vy
q
[1]
TRU
pH12 (2] TRU
TRU -129
-129 107
TRU
(2]
De Kd

Through-diffusion
Ar



JNC TN8400 2004-020

2.
2.1
2.3% 2.70g/cm3
[3] 15.6% 2.66g/cm? [4]
-1
30mm S5mm 20mm
BH
T o REEN TEE
E=H
T2 ILBOAE
fEMPI4RE « ¢=30mm, H=5mm
EEd I : @=30mm, H=20mm
-1
2.2
Ar
lppm
(1)
CwW GW
CwW
1
1 #5B 0.45m
Cw
GW
H-3 pH FRHP [5] -1
FRHP -1
0.45pm
GW GW
2 GW



JNC TN8400 2004-020

1 GW
1L mol
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-6
[mol/L]
[mol/1] Na K Ca Si Al
CW | 1x10t | 3.34x10* | 1.53x10% | 1.86x102 | 2.85x105 | 2.59x10% | Sample 1
CW 1x104 | 1.34x10* | 2.56x10°¢ | 1.98x102 | 7.12x10¢ | 1.11x10% | Sample 2
GW | 1x10* | 3.48x102 | 8.44x10% | 1.70x10% | 1.50x10* | <7.41x10¢ | Sample 3
CW 1x10 7.42x103 | 1.30x104 | 3.22x103 | 1.74x10% | 3.34x10% | Sample 4
X
7.26x10% | 1.15x10* | 2.92x103 | 1.82x10* | 3.34x10% | Sample 5
GW 1x104 3.61x10%2 | 1.43x10% | 3.14x10% | 1.14x10% | <7.41x10% | Sample 6
X
3.17x10%2 | 1.13x10% | 7.73x10% | 1.50x10% | <7.41x10% | Sample 7
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-1

Sample 1 cw

Sample 2 Cw

Sample 3 GW

Sample 4 Ccw

Sample 5 Cw

Sample 6 GW

Sample 7 GW

Sample 1
0 19.43¢g
3 19.48¢g
10 + 19.49¢g
Sample 2 Sample 3
0 19.71¢g 19.10g
9 19.78¢g 19.169g
125 + 19.87¢g 19.269
Sample 4 Sample 5 Sample 6 Sample 7
0 70.44g 72.269 71.35¢g 70.55¢g
8 72.45¢ 74.10g 73.00g 72.199
59 72.989 74.599 73.509 72.699
63 72.989 74.60g 73.52g 72.729
1 1
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No

[day] [mol/L]
0 0.00 1.00E-01
1 1039.75 1.18E-01
2 1634.79 1.05E-01

-2 1/5
Sample 1 CW Co=1x10"'mol/L
NO T rgay] [mol/L] [mol/L]
1 2.75 ND no data
2 3.01 ND no data
3 5.75 ND no data
4 11.02 ND no data
5 11.74 ND no data
6 13.80 ND no data
7 16.89 ND no data
8 20.14 ND no data
9 20.90 ND no data
10 25.75 ND no data
11 26.79 ND no data
12 27.92 ND no data
13 30.76 ND no data
14 36.88 ND no data
15 37.93 ND no data
16 47.05 ND no data
17 58.77 ND no data
18 69.33 ND no data
19 79.78 ND no data
20 88.76 ND no data
21 94.90 ND no data
22 98.90 ND no data
23 94.90 ND no data
24 114.33 ND no data
25 172.90 3.04E-05 3.05E-05
26 181.91 3.41E-05 3.44E-05
27 200.90 3.68E-05 3.72E-05
28 208.90 4.18E-05 4.22E-05
29 216.91 3.82E-05 3.86E-05
30 221.90 3.91E-05 3.95E-05
31 228.94 4.00E-05 4,04E-05
32 248.83 4.12E-05 4.16E-05
33 261.75 4.32E-05 4.36E-05
34 276.78 4.40E-05 4.44E-05
35 290.82 4.63E-05 4,68E-05
36 304.90 4.68E-05 4.72E-05
37 318.73 5.33E-05 5.38E-05
38 332.75 5.48E-05 5.53E-05
39 346.89 5.06E-05 5.12E-05
40 381.74 5.91E-05 5.97E-05
41 41091 6.40E-05 6.46E-05
42 44472 6.75E-05 6.82E-05
43 516.93 7.57E-05 7.64E-05
44 548.79 7.67E-05 7.74E-05
45 577.90 7.75E-05 7.82E-05
46 608.90 7.98E-05 8.06E-05
47 702.95 8.86E-05 8.94E-05
48 769.95 9.28E-05 9.37E-05
49 839.90 9.54E-05 9.64E-05
50 894.90 9.76E-05 9.85E-05
51 961.93 1.03E-04 1.04E-04
52 1039.91 1.05E-04 1.06E-04
53 1634.79 1.46E-04 1.47E-04
ND:
NA: 1x105mol/L
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-2 2/5
Sample 2 CW Co=1x10"*mol/L
No

[day] [mol/L] [mol/L]

1 0.90 ND no data

2 6.91 ND no data

3 13.94 ND no data

4 20.94 ND no data

5 69.82 ND no data

6 111.75 ND no data

7 160.74 ND no data

8 189.91 ND no data

9 223.72 ND no data
10 295.93 ND no data
11 327.79 ND no data
12 356.90 ND no data
13 387.90 ND no data
14 419.80 ND no data
15 481.95 ND no data
16 548.95 ND no data
17 618.90 ND no data
18 673.90 ND no data
19 740.93 ND no data
20 818.91 ND no data
21 1413.79 ND no data
ND:
NA: 3x10%mol/L
No [day] [mol/L]

0 0.00 1.01E-04

1 327.79 9.98E-05

2 818.75 1.15E-04

3 1413.79 1.06E-04

Sample 3 GW Co=1x10"*mol/L
No
[day] [mol/L] [mol/L]
1 0.88 ND no data
2 6.90 ND no data
3 13.93 ND no data
4 20.92 ND no data
5 69.81 ND no data
6 111.74 ND no data
7 160.72 ND no data
8 189.90 ND no data
9 22371 ND no data
10 295.92 NA no data
11 327.76 NA no data
12 356.88 NA no data
13 387.89 NA no data
14 419.78 NA no data
15 481.94 NA no data
16 548.94 NA no data
17 618.88 NA no data
18 673.88 NA no data
19 740.91 NA no data
20 818.90 NA no data
21 1413.78 3.15E-06 3.18E-06
ND:
NA: 3x10%mol/L
No [day] [mol/L]
0 0.00 1.01E-04
1 327.76 9.85E-05
2 818.73 1.15E-04
3 1413.78 9.77E-05
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Sample 4, 5 CW Co=1x10"*mol/L
N [mol/L] [mol/L] [mol/L]
0 No
[day] Sample 4 Sample 5 Sample 4 | Sample 5 [day] Sample 4 | Sample 5
1 0.94 ND ND no data no data 1 0.00 | 1.04E-04 1.04E-04
2 1.94 ND ND no data no data 2 32783 | 9.77E-05 | 9.34E-05
3 2.95 ND ND no data no data 3 818.79 | 1.11E-04 | 1.15E-04
4 5.94 ND ND no data no data 4 1413.83 1.01E-04 9.77E-05
5 6.95 ND ND no data no data
6 7.98 ND ND no data no data
7 8.94 ND ND no data no data
8 9.99 ND ND no data no data
9 12.99 ND ND no data no data
10 13.98 ND ND no data no data
11 14.84 ND ND no data no data
12 15.84 ND ND no data no data
13 16.84 ND ND no data no data
14 19.96 ND ND no data no data
15 20.98 ND ND no data no data
16 21.95 ND ND no data no data
17 22.87 ND ND no data no data
18 23.82 ND ND no data no data
19 27.87 ND ND no data no data
20 28.78 ND ND no data no data
21 34.93 NA ND no data no data
22 40.80 ND ND no data no data
23 48.94 ND ND no data no data
24 55.82 NA NA no data no data
25 69.86 NA NA no data no data
26 83.94 NA NA no data no data
27 97.77 NA NA no data no data
28 111.80 NA 3.16E-06 no data 3.19E-06
29 125,94 NA NA no data no data
30 139.93 NA NA no data no data
31 160.78 3.05E-06 NA 3.08E-06 no data
32 189.95 3.22E-06 3.37E-06 | 3.25E-06 | 3.40E-06
33 223.76 5.19E-06 3.56E-06 | 5.22E-06 | 3.60E-06
34 295,98 3.59E-06 3.73E-06 | 3.64E-06 | 3.77E-06
35 327.83 3.65E-06 4.05E-06 | 3.68E-06 | 4.09E-06
36 356.94 3.79E-06 3.90E-06 | 3.83E-06 | 3.94E-06
37 387.94 3.90E-06 3.83E-06 | 3.94E-06 | 3.87E-06
38 419.84 4.17E-06 4.45E-06 | 4.21E-06 | 4.48E-06
39 481.99 4.20E-06 4.35E-06 | 4.24E-06 | 4.39E-06
40 549.00 4.42E-06 472E-06 | 4.46E-06 | 4.77E-06
41 618.94 4.29E-06 4,68E-06 | 4.33E-06 | 4.73E-06
42 673.94 4.34E-06 474E-06 | 4.38E-06 | 4.79E-06
43 740.97 4.90E-06 5.50E-06 | 4.94E-06 | 5.54E-06
44 818.95 3.96E-06 4.47E-06 | 4.00E-06 | 4.52E-06
45 1413.83 4.73E-06 552E-06 | 4.77E-06 | 5.57E-06
ND:
NA: 3x10%mol/L
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Sample 6, 7 GW Co=1x10"*mol/L
N [mol/L] [mol/L] [mol/L]
0 No
[day] Sample 6 Sample 7 Sample 6 | Sample 7 [day] Sample 6 | Sample 7
1 0.90 ND ND no data no data 0 0.00 | 1.01E-04 1.01E-04
2 1.90 ND ND no data no data 1 327.78 | 7.02E-05 | 6.91E-05
3 2.91 ND ND no data no data 2 818.75 | 5.10E-05 | 5.66E-05
4 5.90 ND ND no data no data 3 1413.81 4.02E-05 4.57E-05
5 6.92 ND ND no data no data
6 7.94 ND ND no data no data
7 891 ND ND no data no data
8 9.95 ND ND no data no data
9 1295 ND ND no data no data
10 13.95 ND ND no data no data
11 14.79 ND ND no data no data
12 15.80 ND ND no data no data
13 16.80 ND ND no data no data
14 19.92 ND ND no data no data
15 20.94 ND ND no data no data
16 21.91 ND ND no data no data
17 22.83 ND ND no data no data
18 23.78 ND ND no data no data
19 27.83 ND ND no data no data
20 28.74 ND ND no data no data
21 34.89 ND ND no data no data
22 40.76 NA ND no data no data
23 48.90 NA ND no data no data
24 55.78 NA NA no data no data
25 69.83 NA NA no data no data
26 83.90 NA NA no data no data
27 97.73 NA NA no data no data
28 111.76 NA NA no data no data
29 125.90 NA NA no data no data
30 139.89 NA NA no data no data
31 160.74 3.17E-06 NA 3.20E-06 no data
32 189.92 4.13E-06 NA 4.16E-06 no data
33 223.73 4,95E-06 NA 4.99E-06 no data
34 29594 6.44E-06 3.36E-06 | 6.49E-06 | 3.39E-06
35 327.78 7.59E-06 3.95E-06 | 7.66E-06 | 3.99E-06
36 356.90 8.06E-06 4,19E-06 | 8.13E-06 | 4.23E-06
37 387.91 8.29E-06 4.49E-06 | 8.37E-06 | 4.53E-06
38 419.80 7.05E-06 3.75E-06 | 7.13E-06 | 3.80E-06
39 481.96 1.24E-05 5.72E-06 | 1.25E-05 | 5.76E-06
40 548.96 1.24E-05 7.07E-06 | 1.25E-05 | 7.13E-06
41 618.90 1.35E-05 8.16E-06 | 1.36E-05 | 8.23E-06
42 673.90 1.42E-05 8.84E-06 | 144E-05 | 8.92E-06
43 740.93 1.46E-05 150E-05 | 1.48E-05 | 1.51E-05
44 818.92 1.59E-05 1.34E-05 | 1.61E-05 | 1.36E-05
45 1413.81 2.13E-05 1.73E-05 | 2.15E-05 | 1.74E-05
ND:
NA: 3x10%mol/L
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No

[day] [mol/L]
0 0.00 1.00E-01
1 1634.79 1.05E-01

-2 5/5
Sample 1 CW Co=1x10"'mol/L
NO T ray] [mol/L] [mol/L]
1 2.75 ND no data
2 3.01 ND no data
3 5.75 ND no data
4 11.02 ND no data
5 11.74 ND no data
6 13.80 ND no data
7 16.89 ND no data
8 20.14 ND no data
9 20.90 ND no data
10 25.75 ND no data
11 26.79 ND no data
12 27.92 ND no data
13 30.76 ND no data
14 36.88 ND no data
15 37.93 ND no data
16 47.05 ND no data
17 58.77 ND no data
18 69.33 ND no data
19 79.78 ND no data
20 88.76 ND no data
21 94.90 ND no data
22 98.90 ND no data
23 94.90 ND no data
24 114.33 ND no data
25 172.90 ND no data
26 181.91 1.23E-05 1.24E-05
27 200.90 1.49E-05 1.51E-05
28 208.90 2.37E-05 2.39E-05
29 216.91 2.19E-05 2.21E-05
30 221.90 2.43E-05 2.46E-05
31 228.94 2.48E-05 2.51E-05
32 24194 251E-05 2.53E-05
33 248.83 2.58E-05 2.60E-05
34 261.75 2.58E-05 2.61E-05
35 276.78 3.24E-05 3.26E-05
36 290.82 3.88E-05 3.90E-05
37 304.90 4.50E-05 4.53E-05
38 318.73 451E-05 4,55E-05
39 332.75 4.83E-05 4.87E-05
40 346.89 5.23E-05 5.28E-05
41 381.74 6.15E-05 6.20E-05
42 41091 6.90E-05 6.95E-05
43 444,72 8.33E-05 8.39E-05
44 516.93 1.01E-04 1.02E-05
45 548.79 1.11E-04 1.12E-05
46 577.90 1.12E-04 1.13E-05
47 608.90 1.26E-04 1.27E-05
49 702.95 1.32E-04 1.33E-05
50 769.95 1.53E-05 1.54E-05
51 839.90 1.65E-05 1.66E-05
52 894.90 1.70E-05 1.71E-05
53 1634.79 3.54E-04 3.56E-04
ND:
NA: 1x10-°mol/L
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