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Abstract

Laboratory scale test was conducted in order to investigate the corrosion behavior
of carbon steel overpack material by simulating gaps between buffer materials,
which are supposed to be generated when the buffer material is set in the disposal
facility. Fifty-eight day tests were performed under various aqueous solutions in the
buffer material by changing the pH of the solutions and the width of the gaps
simulated. The longer period of 150 day test was also conducted, and the data on
the corrosion behavior of the overpack carbon steel were obtained. Based on the test
results such as corrosion rates, depth profiles, electrode potential etc. of the carbon
steel test specimens, the corrosion behavior was discussed taking into account of the
aqueous solution environment and the gap width of the buffer material.

As a test result, the influence of the gap width of the buffer material was very
little and the higher pH condition of the aqueous solutions as being contact with
cement gave the higher corrosion rate to the carbon steel than the ordinary
seawater.

The extent of local corrosion in the present test was compared with those of the
former reports. The result showed the extent of the local corrosion, a ratio of
maximum and average depth, was not influenced by the width of the gap between
buffer material or by the aqueous environment. All the ratios obtained in the
present study were below or within the data band of the former data taken in the
various agueous conditions and natural soils, implying that the corrosion safety was
preserved even when the gaps were generated between the buffer materials.

Furthermore, problems of the laboratory scale test and needs for a large scale test
were also discussed.

This work was performed by Kokan Keisoku K.K. under contract with Japan
Nuclear Cycle Development Institute.

JNC Liaison: Waste Technology Development Division, Geological Isolation
Technology Section

* Kokan Keisoku K.K.
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Beidellite ICDD 43-688 CaSO, Anhydrite ICDD 37-1496  (Ca,Na)(Si,Al),0,
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1 ce
77 JNC TN1400 99-022(1999)
2 ce
”7 JNC TJ1400 2002-002(2001)
3 “ 77 24 3 1985

77 JNC TN8400 99-082(1999)
5 Simpson, J. P. and Valloton, P. H. : “Experiments on container materials for Swiss
high-level waste disposal project part 111", NAGRA Technical Report 86-25(1984)
6 Marsh, G. P. et al. : “An assessment of carbon steel overpacks for radio active waste
disposal”, EUR10437(1986)
7 Ramanoff, M.: “Underground corrosion”, NACE(1989)
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(mm) (mm)
(mm) (mm) 5mm 10mm
1 24.5 10 56.0 52.5
2 24.5 20 49.2 46.5
3 24.5 40 31.0 28.5
4 24.5 30 38.4 35.7
(1nnep) 5 24.5 15 49.0 45.5
6 38 15 54.6 51.9
7 29 15 56.0 53.5
8 20 15 54.6 51.9
9 11 15 49.0 45.5
1 11 — 45.0 38.5
(1mmep) 2 38 — 45.0 38.5

2( )

1( )

A
Y

146
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No. (mm)
No.
150
No.
No.
0.1M NaHCO, 60
No.
No.
60 10
No.
No.
60
No.
No.
60
No.10
90
No.
No.
No. No.3
Ag/AgClI KCI
pH 25
(mS/cm)
8.20 51.5
0.1M NaHCO, 8.36 7.41
13.22 56.7
11.87 38.4
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(<MQ)
No. No. No. No. No.

1 36 100 53 38 80
2 36 83 40 42 100
3 35 80 40 5D 20 Y
4 36 80 45 38 160
5 35 86 41 32 170
6 34 64 37 34 180
7 36 68 37 36 220
8 36 100 43 900 220
9 35 115 47 70 220

5 28 23 26 180
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(=<NQ)

No. No. No. No. No.
1-2 0.5 1.5 0.8 0.5 0.3
1-3 0.4 1.5 0.5 0.1 2 0.3 2
1-4 0.4 1.3 0.8 1.5 1.0
1-5 0.5 1.7 0.8 1.4 1.0
1-6 0.4 1.6 0.7 1.6 0.5
1-7 0.5 1.4 0.6 1.3 0.3
1-8 0.5 1.9 0.5 1.5 0.3
1-9 0.2 1.7 1.7 1.5 1.4
2-3 0.4 1.1 0.3 0.1 2 0.2 2
2-4 0.4 1.1 0.4 1.4 0.5
2-5 0.4 1.5 0.3 1.3 0.5
2-6 0.4 1.4 0.3 1.0 0.7
2-7 0.5 1.4 0.3 1.4 0.3
2-8 0.5 1.5 0.4 1.5 0.4
2-9 0.3 1.6 1.7 1.5 1.0
3-4 0.4 1.1 1.6 0.1 2 0.05 2
3-5 0.4 1.4 1.6 0.1 2 0.05 2
3-6 0.4 1.5 0.4 0.1 2 0.05 2
3-7 0.5 1.5 0.4 0.1 2 0.05 2
3-8 0.5 1.5 0.3 1.0 ? 0.05 2
3-9 0.01 1.5 0.5 0.1 2 0.05 2
4-5 0.1 1.5 0.4 0.5 0.3
4-6 0.2 1.5 0.4 0.8 0.4
4-7 0.2 1.6 0.4 1.0 0.6
4-8 0.2 1.7 0.3 1.5 0.5
4-9 0.2 1.7 0.5 1.5 0.6
5-6 0.3 1.4 0.3 0.4 0.2
5-7 0.4 1.5 0.3 0.5 0.3
5-8 0.4 1.6 0.3 1.5 0.3
5-9 0.3 1.8 1.6 1.0 0.3
6-7 0.4 1.4 0.3 0.4 0.2
6-8 0.5 1.5 0.3 0.5 0.3
6-9 0.3 1.7 1.7 0.4 0.3
7-8 0.1 1.5 0.3 0.9 0.2
7-9 0.1 1.4 0.4 0.5 0.2
8-9 0.3 1.5 0.5 1.0 0.2

-24-




JNC TJ8400 2003-027

(a) )
No. No. No.
@ @ @ (D) @ @ @ (D) @ @ @ ()
1U-1 |18.8014|15.1585| 3.6429 24.0 |17.4039|14.6026| 2.8013 19.2 |14.7626|12.2871| 2.4755 20.1
1U-2 |17.7911|14.2612| 3.5299 24.8 18.2283|14.6969 | 3.5314 24.0
IM-1 | 13.3417|11.0471| 2.2946 20.8 13.9415]11.3696 | 2.5719 22.6
1M-2 8.0772 | 6.6629 | 1.4143 21.2 8.3802 | 7.0035 | 1.3767 19.7
1L-1 |24.6262|20.8830| 3.7432 17.9 |31.4625(29.2537| 2.2088 7.6 13.5642]10.9567 | 2.6075 23.8
1L-2 |15.0412|13.0054| 2.0358 15.7 15.1970]12.4802| 2.7168 21.8
2U-1 |17.131313.9489| 3.1824 22.8 |34.3146129.2240| 5.0906 17.4 |15.1571|12.5359| 2.6212 20.9
2U-2 |18.4777|15.0598 | 3.4179 22.7 13.4433]11.1963 | 2.2470 20.1
2M-1  |13.3727(11.1132| 2.2595 20.3 16.7126|14.0361| 2.6765 19.1
2M-2 9.3473 | 7.8328 | 1.5145 19.3 11.7639] 9.9038 | 1.8601 18.8
2L-1 |13.3557(11.3593| 1.9964 17.6 |46.2365|42.9600| 3.2765 7.6 18.3155]15.5702 | 2.7453 17.6
2L-2 |12.5831(10.8027 | 1.7804 16.5 12.7140]10.7900| 1.9240 17.8
3U-1 |16.445413.3021| 3.1433 23.6 |36.4993|30.3488| 6.1505 20.3 |22.1200|18.2254| 3.8946 21.4
3U-2 |17.310314.0771| 3.2332 23.0 14.1278]11.6287| 2.4991 21.5
3M-1 |12.3541(10.2927 | 2.0614 20.0 21.9219]18.4089| 3.5130 19.1
3M-2  |21.7750(18.1857 | 3.5893 19.7 21.264817.8033| 3.4615 19.4
3L-1 |25.0762(21.0117 | 4.0645 19.3 |38.7919|35.9665| 2.8254 7.9 10.9487| 9.2277 | 1.7210 18.7
3L-2 |11.8201(10.0952| 1.7249 17.1 10.7831] 9.1028 | 1.6803 18.5
(b) )
No. No.
@ @ @ ) @ @ @ (D)
1U-1 10.3295 [ 8.6272 | 1.7023 19.7 19.1738 | 15.6906 | 3.4832 22.2
1U-2 17.2461 | 14.6148 | 2.6313 18.0 20.3457 | 16.8332 | 3.5125 20.9
iM-1 14.2111 | 12.5705 | 1.6406 13.1 18.8934 | 15.9639 | 2.9295 18.4
1M-2 9.5571 | 8.6144 | 0.9427 10.9 31.0339 | 26.3018 | 4.7321 18.0
1L-1 11.8215 [ 10.9469 | 0.8746 8.0 15.5148 | 13.3907 | 2.1241 15.9
1L-2 22.5311 ( 20.8327 | 1.6984 8.2 13.1520 | 11.3419 | 1.8101 16.0
2U-1 10.2144 | 8.6696 | 1.5448 17.8 20.3951 | 17.0377 | 3.3574 19.7
2U-2 16.1372 | 13.7861 | 2.3511 17.1 16.0769 | 13.4983 | 2.5786 19.1
2M-1 11.5372 ( 10.2082 | 1.3290 13.0 11.7607 | 10.0064 | 1.7543 17.5
2M-2 20.3192 | 18.2598 | 2.0594 11.3 28.7741 | 24.5536 | 4.2205 17.2
2L-1 15.4310 | 14.2468 | 1.1842 8.3 8.2467 | 7.1123 | 1.1344 15.9
2L-2 17.3030 | 16.0082 | 1.2948 8.1 12.3031 | 10.5888 | 1.7143 16.2
3U-1 9.8676 | 8.3102 | 1.5574 18.7 18.7021 | 15.4765 | 3.2256 20.8
3U-2 11.5362 [ 9.8396 | 1.6966 17.2 16.1267 | 13.5141 | 2.6126 19.3
3M-1 7.2064 | 6.2915 | 0.9149 14.5 16.3028 | 13.7031 | 2.5997 19.0
3M-2 9.1110 | 8.0414 | 1.0696 13.3 19.9362 | 16.6119 | 3.3243 20.0
3L-1 6.7484 | 6.2578 | 0.4906 7.8 9.2282 | 7.9515 | 1.2767 16.1
3L-2 7.6355 | 7.0999 | 0.5356 7.5 14.4173 | 12.2089 | 2.2084 18.1
A B B >100
A
B
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No.1 10 No.
@ D 2
No. (hr) (@ (g/m* hr) | (mm/year)
No. 3600 3090.39 3088.38 2.01 0.033 0.037
No. 5mm 3090.10 3087.88 2.22 0.036 0.041
No. 0.1M NaHCO, 1440 3110.82 3109.87 0.95 0.039 0.044
No. 5mm 3082.39 3081.33 1.06 0.043 0.049
No. 1440 3102.93 3101.35 1.58 0.065 0.073
No. 10mm 3104.74 3102.97 1.77 0.072 0.081
No. 1440 3109.64 3108.99 0.65 0.027 0.030
No. 5mm 3088.71 3087.84 0.87 0.036 0.040
No. 1440 3109.75 3108.56 1.19 0.049 0.055
No.10 5mm 3089.86 3088.45 1.41 0.058 0.065
No. 1392 3058.04 3056.51 1.53 0.0648 0.0728
No. 5mm 3092.09 3090.54 1.55 0.0657 0.0738
No. 1392 3057.46 3055.89 1.57 0.0665 0.0747
No. 5mm 3059.16 3055.76 3.40 0.144 0.161
No. 1392 3057.89 3056.45 1.44 0.0610 0.0685
No. 3057.59 3055.61 1.98 0.0839 0.0942
iy
2) = 0.01696m?
7.8g/cm
No.1 10 No.
M A D
(hr) @] 8] M/A
No. 3600 410.5 15.2 27.0
No. 5mm 198.5 16.8 11.8
No. 0.1M NaHCO, 1440 55.1 7.18 7.67
No. 5mm 22.4 8.01 2.80
No. 119.7 11.9 10.06
No. 10mm 1440 61.6 13.4 4.60
No. 32.6 4.91 6.64
No. 1440 40.6 6.58 6.17
No. 49.3 9.00 5.48
144
No.10 0 50.3 10.7 4.70
No. 1392 54.6 11.6 4.71
No. 5mm 95.1 11.7 8.13
No. 116.9 11.9 9.82
No. 5mm 1392 231.2 25.5 9.03
No. 123.3 10.9 11.3
1392
No. 131.3 15.0 8.75

-26-




JNC TJ8400 2003-027

Si0, Na, sAl,(Si,Al), | CaSO, (Ca,Na)(SiAl),0 | (ZnCu),AI(OH)¢(
Quartz 0,0(0H),2H,0 Anhydrite s S04)¢.53H,0
46-1045 Beidellite 37-1496 Anorthite Woodwardite
43-688 41-1481 45-690
No. o o o o o
No. o o o o o
No. o o o o o
No. o o o o o
No. o o — o o
No. o o — o o
No. o o o o o
No.10 o o o —_ o
NaCl Fe;0, CaS0,0.5H,0 Fe,0; Cay ,(AIMg),Si,0,
Halite Magnetite Bassanite Hematite 0(OH),4H,0
5-628 19-629 41-224 33-664 Montmorillonite
13-135
No. o o — — -
No. — o o —_ —_
No. — — — o o
No. — — — o o
No. o o — —_ o
No. o o — — o
No. — o — — —
No.10 — o — — —
o
®)
( ) | ( )
-720
-650 -700 (60 )
0.1M NaHCO, -250 -850
-750 -900
N -700 -800 -720

mV vs Ag/AgCl sat.
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