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The corrosion resistance at the overpack welds is possible to be inferior to that at base metal, so that it
has been concerned that a short-term failure of overpack may occur due to the corrosion penetration at the
welds. In this study; corrosion mechanizms specific to the welds were extracted for carbon steel which is
one of the candidate materials for overpacks. And then the corrosion experiments for welded carbon steel
were planed to evaluate long-term integrity of overpack welds. Based on this plan, electrochemical tests for
welded carbon steel using the samples welded by EBW and TIG were carried out, and the corrosion
behavior of welded zone was compared with that of base metal. The results of anodic polarization tests in
0.01M and 0.1M carbonate aqueous solutions for base metal, heat affected zone and welded metal showed
that;

As for EBW, the anodic polarization curves were not affected by welding although the
metallurgical structures vary with base metal, heat affected zone and welded metal.

As for TIG, the current density of welded metal was larger than that of base metal and of heat
affected zone, and local dissolution with immediate increase in current density was observed in
0.01M-pH 10 carbonate aqueous solution.

As shown in these results, it is expected that the corrosion resistance at the welds by EBW will be equal
to that at base metal. As for TIG, however, it was indicated that the corrosion resistance is possible to be

lower than base metal.

Keywords: Overpack, Carbon Steel, Welding, Corrosion, EBW, TIG, Carbonate, Anodic Polarization
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2.2-1 pHO®

(M)

HCO3/C0O32/H2CO3 <7.3x102

SO42 <6.1x102

Cl <5.9x101

HS/H.S <9.2x102

P(Total) <2.9x10°6

NHs <1.6x104

NH,* <5.1x103

B(Total) <1.7%x1073
pH 5.8 8.4
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3.2-1 Fe
TIG EBW
C 0.60 0.15 0.12
Si 0.15 0.50 0.19 0.25
Mn 0.30 1.20 0.36 0.65
P 0.030 0.006 0.012
S 0.035 0.002 0.004
J1S 63201 or _ 0.0 n-a-
SF340A Mo - 0.01 n.a.
Ni - 0.08 n.a.
- 0.02 n.a.
N - n.a. 0.0039
0 - n.a. 0.0019
C < 0.15 0.1
Si < 1.00 0.73
Mn < 1.90 1.4
P < 0.030 0.011
S < 0.030 0.014
1S 73316 Cu < 0.50 0.24
YGT-50 Cr - 0.03
Ni - 0.01
Al < 0.15 0.01
Ti < 0,15 0.01
Zr < 0.12 0.01
wt.%
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3.2-2 TIG
[mm] 190
5R
[A] 100 250 150 300 100 250
[A] 200 350 250 400 200 350
[V] 12.5 11.5 13.5 11.0 11.5
[cm/min] 6.4 5.7 11.7 9.3 9.9
[m/min] 2 2.5 3.5 2 3.5
[ 1] 1 2 37 38
[ 1 1 2 51 52 54
kd/cm 23.3 90.0
hr 24.5
kg 41.4 (38.8)
>
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3.2-3 EBW
[mm] 100

[mA] 600
[kv] 100
[mm/min] 250
[mm] 400
[mm] 800

[mm] 1

[mm] 0.5

[ /sec] 500

[sec] 20
[sec] 20 60

[ 1 1
kJ/cm/cm 14.40
hr 0.13

kg 0
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I D w * ®)
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10 o o o
0.01
12 - - -
13.5 - - -
8.5 o o o
NaHCO; 10 o o o
+ Na,CO, 0.1
12
(+ NaOH)
13.5 - - -
8.5 ) o o
10 o o o
0.1 (*2)
12 o o o
13.5 o o o
() SSRT
pH
D w) Q) ®
o o o
8.5
(*3) o o o
2.5mM NaHCO,
_ 2.5mM NaCl 8.5 ° ° °
0.01M NaHCO; - 0.5M 8.5 o o o
NaCl - 0.052M Na,SO, )
0.05M NaHCO,
- 0.05M Na2C03 10 (@] (@] (@)
-0.028M NacCl
SSRT 1 0.01M NaHCO, 8.5 ) o o
o o o
8.5
(*3) o o o
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(*3)
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3.3-2
pH
1) (*2) [ 1 ®) (W/H/B)
15 3
8.5
1 15 3
0.3 15 3
8.5
1 15 3
2.5mM NaHCO, 8.5 0.3 15 3
- 2.5mM NaCl - 1 15 3
(*1) pH
(*2) 11
3.3-3
pH
1 [ 1] ®) (W/H/B)
0.01M NaHCO; - 0.5M 8.5 15 3
NaCl - 0.052M Na,SO, - 1 15 3
0.05M NaHCO,4 0.3 15 3
- 0.05M Na,CO, 10
- 0.028M NacCl 1 15 3

(*1) pH
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@
Stress Corrosion Cracking
ScC ScC
0.25N 0.5N 1817 25) 26)
0.1M 2D SCC
0.1M 5 SCC
Slow Strain Rate Test
SSRT ScC
SCC
ScC SCC
ScC
&)
SCC ScC
ScC
SSRT
a.
3.3-7
SSRT 14B JIS 72201
SCC
1 2mm
b.
3.3-8 SSRT
ScC
C.
3.3-4 SCC
SCC
0.125M 0.25M
SCC 0.5M
SCC
pH pH8.5
pH10.5 pH 1N
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3.3-4 SCC

NaHCO, pH
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M)
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o/

)

1

0.5

0.2 8.5

0.1

0.01

1
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0.2 8.5

0.1

0.01

0/0|0]0|0|0|0]0|0]O

1

0.5

8.5 (*3)
0.1

0.01

(*1) pH NaHCO,
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(*3) scc
*4
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3.3-5
pH
D ¢2 L1163 ® (W/H/B)
0.3 372 372
1 372 372
8.5
3 372 372
>3 3/2 372
0.3 - -
2.5mM NaHCO, 8.5 1 372 372
- 2.5mM NaCl ’ 3 - -
>3 372 3/2
(1) pH
2
(*3) 3 5
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4.1
3.3.1
4.2
4.2-1 4.2-2
3.3.1
30mm x 30mm X 2mm
@45
SiC #120
SiC  #120-#240
- #400 - #600 - #3800 8mm  ==0_1mm
#120 - #240 - #400 - #600 — #800 — Al 0, 0.3
JAm 3%
SiC #240 - #400 - #600
2mm x 25mm (0.5cm?) 4mm x 25mm (Llcm?)
ASF-110 0.08mm
0.5cm? (2mm x 25mm)
EBW 4mm
10
400mL pH
80 pH
#600
AC
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pH8.5 +850mV pH10 +800mV (saturated calomel
electrode, SCE) +20mV/min

pH

- 51 -



JAEA-Research 2006-031

1cm?

4.2-2

- 52 -



4.3
4.3.1

4.3-1

4.3.2

25mmy)

JAEA-Research 2006-031

4.3-2 TIG EBW

TIG EBW

EBW
TIG

EBW

TIG EBW

EBW
TIG
TIG

TIG
EBW

4.3-3 4.3-4

1cm? (4mm x 25mm)
EBW

4.3-1

pH

0.01M NaHCO;

EBW

EBW

0.005M NaHCO; - 0.005M Na,CO4

0.1M NaHCO,
0.05M NaHCO, - 0.05M Na,CO,

- B3 -

TIG

EBW

TIG

0.5cm? (2mm x

TIG

pH
4.3-2

(0.01M CO, - pH8.5
(0.01M CO, - pHI0
(0.1M CO, - pH8.5
(0.1M CO, - pHI0

13mm
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4.3-1 pH NaHCO, pH8.5
0.0IM CO; pH8.7 0.1M CO; pH8.5
pH
pH +0.3
NaHCO, - Na,COs 0.01IM CO, 0.1M CO, pH10
4.3-2
-pH 0.01M 0.1M COq4
pH10 lcm? 0.5cm?
TIG EBW
4.3-3 4.3-14 80 TIG EBW
IR 1000 A/cm?
IR 4.3-5
4.3-10

a. 0.01M CO,, pH8.7

4.3-3 4.3-4 4.3-7 4.3-8 4.3-5 4.3-7

-600mV -200mvV

-850mV
1 -600mV
1 1mA/cm?
TIG EBW
TIG
TIG
EBW

TIG

0.5cm? 1cm?

TIG 0.5cm?

b. 0.01M CO,, pH10
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4.3-5 4.3-6 4.3-9 4.3-10 4.3-6 4.3-8
-800mV
TIG lcm? 0.01IM CO,,
pH8.7 -400mvV  +600mV
TIG EBW TIG lcm? -400mV
TIG EBW
TIG lcm? TIG EBW
0.5cm? 1
-500m 1cm?
1cm? 0.5cm?
TIG
TIG lcm? TIG
EBW 0.01M CO;,
pH8.7
TIG

c. 0.1M CO;, pH8.5

4.3-11 4.3-12 4.3-9
-700mV -400mV
TIG 0.01M CO,,
pH8.7 -200mV  +600mV
TIG  EBW TIG -400mV
TIG +100mV
TIG EBW
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TIG  EBW
TIG
d. 0.1M CO;, pH10
4.3-13 4.3-14 4.3-10
-800mV
TIG -400mv -400mvV  +600mV TIG
TIG EBW
TIG -800mv 0.01M
CO;, pH10 -400mv
EBW 1 TIG
-400mv TIG
EBW
TIG -400mvV
TIG EBW
TIG
EBW
TIG EBW
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4.3-1
pH
M | 1, *2) w " ®)
[ J [ J [ J
8.5
[ J [ J [ J
0.01 10
12 - - -
13.5 - - -
NaHCO3 8_5 ® ® ®
+ Na,CO, 10 - - -
(+ NaOH) 0.1
12 - - -
13.5 - - -
8.5 o o o
10 o o o
0.1 (*3)
12 o o o
13.5 o o o
Y 16 ® 4mm X 25mm 2mm X 25mm
O
(*1) pH
(*2) pH NaHCO; / Na,COj4 NaOH
(*3)
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4.3-2 pH
CO, | NaHCO;{Na,CO, pH
[cm?] V]
M| M IMI | pH | L 1| pH L1 pH [ L 1| pH [ [ 1]CD
TIG 05(0.01 001 - |[871 253|878 70.0|907 69.2]|9.28 307 |-851
TIG 05]0.01 001 | - |882)|265]|874 700|931 721|958 | 285 |-843
TIG 0.5] 0.01  0.01 - 8.68 # 253 | 8.74  72.0 | 9.08 72.0 | 9.25 | 24.2 | -852
EBW 05|001|001| - |[879|253]|8.75|70.0|9.10 | 70.0 | 9.39 | 25.6 | -841
EBW 0.5]0.01 | 0.01 - 8.75 | 27.1 | 8.80 | 70.0 | 9.08 | 71.4 | 9.32 | 30.9 | -844
EBW 05(0.01}001] - |865]257 876 702|903 70.0 | 9.30 | 26.8 | -839
TIG 0.5 0.01 0.0050.005|10.21 25.4 | 994 | 725 | 9.84 72.5 |10.12 23.0 | -888
TIG 0.5 | 0.01 1 0.0050.005|10.26 1 21.4 | 9.92 | 72.6 | 9.92 72.0 |10.17 26.4 | -881
TIG 0.5 | 0.01 :0.005:0.005(10.28: 22.5 | 9.85: 71.0 | 9.79 : 74.3 |10.29: 25.2 | -893
EBW 0.5 | 0.01 {0.005|0.005|10.21| 25.0 | 9.93 | 72.0 | 9.92 | 71.6 |10.19 | 26.3 | -900
EBW 0.5 | 0.01 {0.0050.005|10.25| 27.0 | 9.96 | 72.3 | 9.94 | 73.3 | 10.05 23.8 | -870
EBW 0.5 0.01 {0.005:{0.005|10.28: 249 | 991 { 72.6 | 9.92 | 71.0 | 10.16 | 30.4 | -880
TIG 1 /001 001: - |850 279|858 720|881 71.1 | 9.06 349 | -841
TIG 1 ]0.01:0.01 - 8.60 : 26.7 | 8.51 ; 70.0 [ 8.96 : 72.0 | 9.30 : 26.9 | -839
TIG 171 [001;001; - |866 272|858 70.0]|902; 703 ]| 9.33 26,5 |-843
EBW 1 |0.01: 0.01 - 852 { 26.2 | 8.64 { 71.8 | 8.73 | 71.0 | 9.15 | 27.9 | -837
EBW 1 |0.01: 0.01 - 8.69 { 26.8 | 8.65 { 71.0 | 8.90 ; 70.0 | 9.14 | 33.1 | -830
EBW 1 (001 001 - |862 249|867 722|936 700 | 9.64 249 |-845
TIG 1 |0.01 {0.005;0.005|10.27; 27.0 | 9.93 | 71.0 | 9.90 | 70.5 | 10.17 | 25.9 | -895
TIG 1 |0.01 {0.0050.005|10.24| 28.1 | 9.89 | 70.2 | 9.84 | 71.4 |10.19| 28.1 | -905
TIG 1 | 0.01 [0.005|0.005|10.08 | 25.5 | 9.74 | 70.0 | 9.74 | 71.4 |10.10 | 26.0 | -897
TIG 2 | 1 |0.01{0.005}0.005|10.28 | 26.7 | 9.88 | 71.2 | 9.87 | 71.4 |10.19 | 32.8 | -906
EBW 1 | 0.01 0.005 0.005]|10.27 | 26.9 | 9.93 | 70.2 | 9.89 | 71.2 | 10.25 | 28.5 | -904
EBW 1 | 0.01 0.005 0.005(10.33| 25.6 | 9.93 | 70.3 | 9.91  70.4 | 10.23 | 28.2 | -904
EBW 2 1 |0.01 0.005 0.005|10.26 : 26.0 | 9.90 : 70.0 | 9.84 | 70.4 |10.21 : 27.3 | -898
TIG 1|01 01 - | 816209 864 734|877 | 753 |8.99 | 27.2 | -859
TIG 1|01 01 - | 830 225|832 73.0| 911 73.6 | 9.29 | 27.0 | -849
TIG 1 0.1 0.1 - 8.50 | 21.6 | 850 ; 73.0 | 8.79 { 73.0 | 9.00 | 25.1 | -845
TIG 1|01 01 - | 882 209|861 727|884 734|924 234 |-847
EBW 1101 01 - |879 186|856 723|873 731 | (*2) i (*2) |-846
EBW 1 0.1 0.1 - 8.33 i 222 | 836 73.0 | 8.70 ; 73.0 | 8.96 ;| 32.5 | -842
EBW 1|01 01 - 836213828 73.0| 909 73.7 | 9.38 | 25.0 | -840
TIG 1 | 01 005005 |10.27: 22.4 |10.04 74.4 | 9.96 | 74.2 |10.09 : 21.2 | -915
TIG 1| 01 005 005]|10.10 23.8 | 9.73 | 745 | 9.85  74.1 |10.02 26.0 | -894
TIG 1, 1] 01 |0.05]005]10.12| 23.6 | 9.88 | 73.4 | 9.98 | 73.7 | 10.27 | 24.7 | -904
EBW 1 | 01 {005 005]|10.11| 19.8 | 9.79 | 75.0 | 9.81 | 70.8 | 9.99 | 27.4 | -916
EBW 1| 0.1 |0.05]0.05]10.15| 22.3 | 9.92 | 73.7 [10.06 | 73.7 | 10.15| 28.2 | -915
EBW 1 0.1 | 0.05 | 0.05 |10.10| 22.8 | 9.92 | 73.0 | 9.93 | 73.4 | 10.08 | 28.8 | -917
1) (saturated calomel
electrode, SCE)
2)
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