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The Effect of NaNOs on Diffusion of COs2, Cl- and I- ions in Tuff

(Research Document)

Takamitsu Ishidera” and Haruo Sato™

Abstract

The migration data of 14C, 36Cl and 12°l nuclides are required for safety
assessment of TRU waste disposal. The specific phenomena for TRU waste
disposal such as the influence of NaNOs concentration and the hyper alkaline
groundwater due to degradation of cementitious materials should be considered
for reliable safety assessment. In this study, the effective diffusion coefficient (De)
for COs*, CI- and I- ions in tuff were determined with various NaNOs
concentrations under hyper alkaline condition. The obtained De values for COs?%,
Cl- and I- ions were on the order of 10-12-10-1'm2/s and decreased with increasing
NaNOs concentration. The De values for HDO and HTO were also decreased with
increasing NaNOs concentration. Because the degradation of tuff samples was not
observed by X-Ray diffractometry, SEM and EPMA, the decreases in the De
values were considered to be due to the decreases in the diffusivities in free water.
The apparent diffusion coefficient (Da) values for Cl- ion with 5mol/dm3 NaNO3
concentration and for COs% ion were lower than those of the other conditions.
These low Da values suggested retardation in tuff samples.

* Waste Isolation Research Division, Waste Management and Fuel Cycle Research
Center, Tokai Works, Japan Nuclear Cycle Development Institute

" Innovative Research Promotion Office, Head Office, Japan Nuclear Cycle
Development Institute
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X
1.651Mg/m3
1.845Mg/m3 1.431Mg/m3 41.4%
X
1
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Si Al, Fe, Ca, Na, K
3 30mm 20mm
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100ml 50ml 2 20mm
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CO32 Cl-
I_
20mm
NaNOs3 NaNOs3 NaNOs3
NaNO:s JIS CO3? Cl-
NaNO:s 0.01, 0.5 5mol/l I 0.01, 0.1, 0.5, 1, 5mol/l
NaOH pH12.5

NaNOs NaNOs3

pH 12.5
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COs%, CI-
Nas36eCl Amersham plc
(4.68x108Bg/dm3)
NaNOs

1.88x10*mol/dm3(1.87x10Bg/dm3) 36Cl

Nal
Imol/dm3 Nal

Naz*COs3
Nal
Naz*COs Nas3eCl
14C 36C|

1.54x10-3mol/dm3(4.72x107Bg/dm3)

Naz*COs 200ul

50ul  1ml
0.001~0.01mol/dm3

3.3x102mol/dm3

Na3eCl

Amersham plc

HCOH
4.71x102mol/dm3

Iml

14C

3.08x10°*mol/dm3(9.44x10°Bg/dm3)

De COsz* Cl-
100ul 500ul
0.1mol/dm3 NaOH 1.5ml 500ul  3ml
Packard Bioscience ULTIMA GOLD XR
Packard Instrument 2770TR/SL
I- 200ul  3ml ml ICP-AES
ICPS-7500
NaNOs
De COs* Cl-
HTO I
HDO HTO COs* Cl-
14C 36C|
NaNO:s
HTO 2.32x108Bg/dm?3
500ul HTO HTO
2.32x10%mol/dm3 HTO COs? Cl-
100ul 500ul 0.1mol/dm3
NaOH 1.5ml 500ul  3ml
HDO
I NaOH pH12.5
HDO 5ml
D20 HDO 10wt%
HDO 200yl 2ml
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1
%
36.0
30.7
18.6
8.0
3.3
2
wit% wt%
SiO2 69.70 Na20 2.92
TiO2 0.13 K20 3.12
Al203 11.75 P20s 0.01
T-Fe 1.17 H20* 6.42
Fe20s 1.27 H20- 2.34
FeO 0.36 T-S <0.01
MnO 0.05 SOs3 <0.01
MgO 0.38 CO2 <0.01
CaO 1.57 Ig-loss 8.56
3
COs%, ClI-, HTO I- HDO
$30mm x 10mm $30mm x 20 or 10mm $30mm x 10mm
NaNOs 0.01, 0.5, 5mol/l  0.01, 0.1, 0.5, 1, 5mol/l 0.01, 0.1, 0.5, 1, Smol/I
pH 12.5 12.5 125
225+£25 250+10 250+£10
N2
ICP-AES FT-IR
n 2 2~3 1-2
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4 COs%, CI, I De Da
NaNOs
(mol/dm3) De (x10-11m?/s) “ Da (x10-19m?/s)
COs* 0.01 15+0.1 11+0.1 0.10+0.01
0.5 1.3+0.1 0.71+0.09 0.12 +0.02
5 0.31+0.03 0.56 + 0.07 0.037 + 0.006
Cl- 0.01 28+0.1 0.15+0.02 20+0.3
0.5 2.3+0.0 0.15+0.01 1.4+0.1
5 0.58 + 0.01 1.2 +0.03 0.042 + 0.002
I 0.01 26+0.1 0.23+0.02 0.53+0.03
0.1 42+0.3 0.24 +0.03 1.8+0.2
0.5 35+0.1 0.29 £ 0.02 16+0.1
1 3.3+0.2 0.16 + 0.06 21+0.8
5 14+0.1 0.14 + 0.02 0.69 + 0.10
5 HDO HTO De a Da
NaNOs o
(mol/dm?3) De (x10-1'm?/s) Da (x10-19m?/s)
HDO 0.01 9.2+0.3 0.46 + 0.02 1.8+0.1
0.1 8.8+0.3 0.58 + 0.03 15+0.1
0.5 8.1+0.3 0.41 +0.02 1.7+0.1
1 8.9+0.3 0.62 +0.03 1.5+0.1
5 44+0.2 0.58 + 0.03 0.60 + 0.03
HTO 0.01 8.0+05 0.27 £ 0.07 29+0.8
0.5 58+0.3 0.47 £ 0.06 1.2+0.2
5 24+0.1 0.36 + 0.02 0.65 + 0.04
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6
(m2/s)

H.O(HDO,HTO) 2.275 x 10°

I- 2.045 x 10°

Cl- 2.033 x 10°

COs? 9.23 x 1010

K* 1.957 x 10°

Na* 1.334 x 10°

Se03z* 8.13 x 1010

7 NaNOz n HDO HTO De
NaNOs3 n | De (HDO) De (HTO)
(mol/dm3) (mPas) (X 1011 m?/s) (X 1011 m?/s)

0 1.002 9.19 8.02
0.059 1.004 9.17 8.00
0.119 1.007 9.14 7.98
0.238 1.012 9.10 7.94
0.359 1.018 9.05 7.89
0.483 1.025 8.98 7.84
0.607 1.032 8.92 7.78
0.734 1.04 8.85 7.72
0.862 1.049 8.78 7.66
0.991 1.059 8.70 7.59
1.123 1.069 8.61 7.51
1.256 1.081 8.52 7.43
1.527 1.107 8.32 7.26
1.806 1.138 8.09 7.06
2.387 1.215 7.58 6.61
2.689 1.263 7.29 6.36
4.326 1.609 5.72 4.99
6.2 2.226 4.14 3.61
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4000 \
23
3500 — —
3000 -
2500
IS
>
(@]
O 2000 [~
1500 -
1000 -
500 -
0
0
20/0
20(°) 20(°)
No. No.
1 9.819 16 28.459
2 11.139 17 29.039
3 12.920 18 30.059
4 14.920 19 32.000
5 16.879 20 32.799
6 17.299
7 19.079 14 26.600
8 22.399 22 36.639
9 22.739
10 23.680 13 26.279
11 25.059 15 28.019
12 26.019 21 35.439
5 XRD
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6 SEM
196 980 5810
0.01mol/dm3 212 1060
6290
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1 I De a Da
Sample NaNOs a
No. (mm) | (mm) [(mol/dm3)| De (x10-1'm?/s) Da (x10-1°m2/s)
IRO1 28.7 | 18.3 0.01 3.58 £ 0.52 0.38 £ 0.06 0.948 + 0.200
IR02 28.8 | 18.3 0.5 6.02 £0.72 0.32 £ 0.05 1.89 + 0.37
IR03 28.8 | 19.3 5 1.53+£0.17 0.11 + 0.02 1.44 + 0.33
IRO1-2 | 29.1 | 18.7 0.01 4.60+0.18 0.92 £ 0.05 0.498 + 0.035
IR02-2 | 28.9 | 18.7 0.5 3.20+0.15 0.26 = 0.06 1.20 £ 0.28
IR03-2 | 29.0 | 18.0 5 - -
IRO3r 29.1|19.1 5 - -
IRO1s 29.0 | 9.70 0.01 1.98 + 0.08 0.16 £ 0.03 1.86 + 0.48
IR02s 29.0 | 9.36 0.5 240+0.13 - -
IR03s 29.0 | 9.42 5 - -
IR04 28.9 | 19.1 0.1 4.76 £ 0.45 0.27 £ 0.05 1.53+0.34
IR05 28.9 | 19.8 0.1 3.92+0.39 0.22 £0.04 1.25+0.34
IR06 28,9 | 18.1 1 3.47 £0.39 0.17+£0.10 211 +1.27
IRO7 28.8 | 18.8 1 3.17 £0.39 0.15 £ 0.07 2.06 £1.02
IR0O8 29.1 | 19.2 0.01 3.98£0.13 0.14 £ 0.03 2.77 £0.58
IR09 29.0 | 194 0.5 5.02+0.14 0.29 £ 0.03 1.73+£0.19
IR10 29.1 | 19.3 5 1.39 £ 0.07 0.22 £ 0.03 0.62 £ 0.100

2 Cl- De a Da
Sample NaNOs a
No. (mm) | (mm) [(mol/dm3)| De (x10-1'm2/s) Da (x10-1°m?/s)
CIRO1 | 29.1 | 96.8 0.01 2.61 £0.09 0.14 £0.04 1.82 £0.47
CIR02 | 29.4 | 97.4 0.5 2.36 £0.9 0.13+0.01 1.78 £ 0.20
CIR03 | 29.1 | 974 5 0.554 + 0.029 0.88 £ 0.05 0.628 + 0.048
CIR04 | 29.1 | 96.8 0.01 3.33£0.16 0.16 £ 0.03 2.13+0.43
CIR05 | 29.1 | 99.0 0.5 2.23 £0.05 0.18 £0.02 1.25+0.14
CIR06 | 29.0 | 98.2 5 0.590 + 0.016 1.48 £ 0.05 0.400 £ 0.017
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3 COs? De Da

Sample NaNOs a

No. (mm) | (mm) [(mol/dm3)| De (x10-1'm?/s) Da (x10-1°m2/s)
CRO1 | 29.1 | 94.6 0.01 1.62 £ 0.09 1.80 £ 0.26 0.0897 + 0.0137
CR02 | 29.1| 97.6 0.5 1.55+0.11 1.37 £0.18 0.113 £ 0.017
CR0O3 | 29.1 | 93.6 5 0.305 + 0.068 1.25+£0.29 0.0245 + 0.0078
CR0O4 | 29.1| 97.0 0.01 1.29+0.16 0.86 £0.14 0.151 £ 0.031
CRO0O5 | 29.0 | 98.0 0.5 1.10+0.13 0.50+0.10 0.220 + 0.051
CR0O6 | 29.1 | 96.2 5 0.315 + 0.036 0.52 £ 0.07 0.0608 + 0.0107

4 HDO De a Da

Sample NaNOs a

No. (mm)|(mm)|(mol/dm?3)| De (x10-1*m?/s) Da (x10-1°m2/s)
DRO1 |29.1]19.2 0.01 10.2 £ 0.53 0.45 +0.03 2.27 £0.20
DR02 |29.0]19.4 0.5 8.19 £ 0.47 0.56 = 0.04 1.47 £ 0.14
DRO03 |29.1]19.3 5 3.82+£0.17 0.64 =+ 0.05 0.599 + 0.058
DR04 | 28.9|18.6 0.01 9.03+0.44 0.66 = 0.07 1.36 £ 0.17
DRO5 |28.8|19.2 0.5 8.29 £ 0.61 0.48 £ 0.06 1.71 £ 0.26
DRO06 |28.7|19.5 5 5.20£0.32 0.88 £ 0.06 0.588 +0.054
DRO7 |28.9|19.1 0.1 9.45 £ 0.39 0.56 £ 0.04 1.70+£0.13
DRO08 |28.9|19.8 0.1 8.28 £ 0.35 0.61 = 0.05 1.35+0.12
DR09 |28.9|18.1 1 8.78+0.34 0.60 = 0.05 1.46 £ 0.13
DR10 |28.8|18.8 1 9.17+£0.44 0.64 +0.04 1.44 £0.12
DR11 |29.0|9.31 0.01 7.92 £ 0.66 0.41+0.04 1.95+£0.26
DR12 |29.0]9.76 0.5 8.04 £ 0.40 0.31+0.03 2.60 £ 0.29
DR13 |28.9]9.73 5 4.99 + 0.25 0.19+£0.06 2.64 £ 0.87
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5 HTO De a Da

Sample NaNOs a

No. (mm)|(mm)|(mol/dm3)| De (x10-'m?/s) Da (x10-1°m2/s)
TRO1 | 29.1 | 96.8 0.01 8.32£0.70 0.30+0.11 2.80 £ 1.07
TRO2 | 29.1|97.0 0.01 7.77 £0.63 0.26 £ 0.10 3.04+£1.18
TRO3 | 29.1 | 99.0 0.5 5.66 £ 0.36 0.52 £ 0.08 1.09+£0.17
TRO4 | 29.0 | 98.0 0.5 5.96 £ 0.47 0.39£0.10 1.51 +£0.40
TRO5 | 29.0 | 98.2 5 2.11+0.11 0.37 £0.03 0.571 + 0.050
TRO6 | 29.1 | 96.2 5 2.78+0.14 0.35+0.03 0.785 = 0.067
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Concentration (H-reservoir) [x10‘cpm/ml]
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JNC TN 8400 2005-018
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JNC TN 8400 2005-018

10 SEM 3
5mol/dm3 234 1170 6120

42-



