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Localized Corrosion Behavior of Carbon Steel in High-pH Seawater-type Groundwater 
Environment 
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Japan Atomic Energy Agency  
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(Received December 18, 2009) 

It has been known that carbon steel can be passivated in high pH environment and 
sometimes be attacked by localized corrosion such as pitting corrosion and crevice corrosion. 
If carbon steel overpack is attacked by localized corrosion, it is possible that the overpack 
may be penetrated in a short term, since the propagation rate of localized corrosion is larger 
than that of general corrosion in general. It has been known that the pitting corrosion and 
crevice corrosion are initiated in the presence of aggressive species for passive film 
represented by chloride ion. In repository environment, it is possible that the pH in 
groundwater containing chloride ion such as seawater type groundwater is raised by a 
contact with the cement material in concrete structures constructed around the engineered 
barrier system and then pitting corrosion or crevice corrosion is caused on the carbon steel 
overpacks. In this study, the propagation behavior of pitting corrosion and crevice corrosion 
was examined by immersion tests under air equilibrium condition using artificial 
groundwater at Horonobe as an example of seawater-type groundwater. As the results, the 
pitting factor (ratio of the maximum corrosion depth and average corrosion depth) were 
within the literature data obtained in neutral and alkaline water and in various natural 
water environments. The maximum corrosion depth of carbon steel overpack was predicted 
by extreme value statistical analysis of the experimental data, and it was confirmed that the 
predicted corrosion depths were not over the values calculated from current empirical models 
for propagation of pitting corrosion and crevice corrosion in every cases.  

Keywords: Overpack, Horonobe, Carbon Steel, Groundwater, Seawater, Cement, Localized 
Corrosion, Stress Corrosion Cracking  
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��������������������������������� SM400B ������

��������� 2-1 ����������������������� 2-1 ��������

80��������������������������������������8mm �

��������������� 20mm��� 8mm �������������������

�������������������������� 20kgfcm ����������#800
���������������������������������1 ���������

�� 15 ����

�������

�������������������������������������������

��������������������������������������������

�������������������������������������������

������������������������ 0.28M-NaCl �������

���������������� 1mm ����������10 ������������

���������������������� 10g/l ������������������

������Ordinary Portland Cement, OPC���������������High Flyash 
contained Silicafume Cement, HFSC���������������������������

������������������������������������� 80��������

�������������������������������������� 90 ��180
�������������� 2-2 ����

�������

������������������������������������������

�� 80��������������������������������� 2-2 �����

����90 ��180 ����������������������������� 10���

�����������������������10mA/cm2���������������

�������������������������������������� AMS-5��

���������������

���������

������������������������������������������

����������������������������������� Gumbel ����

�����������Gumbel ����������������������������

������������������������������������
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� 2-1� �������� ����mass%�

� 2-2 ������

C Si Mn P S 
0.14 0.22 1.12 0.016 0.004 

���� ������ pH ���days�

0.28M-NaCl 
�

�� CaCO3

OPC 12.7 90 
OPC 12.7 180 

HFSC 10.4 90 
HFSC 10.4 180 
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���HFSC+�����
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����� ��������������������������

����
��

�days�
��
(�) pH���� �������µm�

������
�µm�

����

OPC+�
����

90 80 12.1 

27.57 

19.64
�

11.08

288.07 10.45�
30.34 290.32 9.57�
32.35 424.88 13.14�
31.46 357.49 11.36�
30.95 308.06 9.95�
27.78 881.81 31.74�
27.93 390.21 13.97�
27.56 253.55 9.20�
12.62 370.09 29.34�
9.80 349.2 35.63�
7.73 324.18 41.96�
7.98 430.9 53.96�
6.06 323.23 53.34�
8.31 452.35 54.42�
6.22 385.69 62.00�

HFSC+�
����

90 80 10.4 

50.51 

57.13
�

7.28

325.5 6.44�
53.23 684.6 12.86�
50.52 309.44 6.12�
48.65 303.74 6.24�
51.37 296.46 5.77�
52.31 272.98 5.22�
53.73 295.05 5.49�
54.69 534.7 9.78�
54.75 705.56 12.89�
67.15 724.64 10.79�
61.47 650.77 10.59�
67.97 770.41 11.33�
58.33 763.84 13.10�
72.78 773.47 10.63�
59.52 471.81 7.93�
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����� ���������������������������

����
��

�days�
��
(�) pH���� �������µm�

������
�µm�

����

OPC+�
����

180 80 12.1 

58.24 

74.85�
18.04 

771.47 13.25�
74.65 441.56 5.92�
99.80 535.37 5.36�
73.41 1244.38 16.95�
52.41 1015.7 19.38�
96.47 864.35 8.96�
83.90 553.46 6.60�
80.73 490.64 6.08�
77.91 405.27 5.20�
72.22 487.9 6.76�
39.73 544.74 13.71�
90.80 853.83 9.40�
84.24 509.38 6.05�
90.41 480.26 5.31�
47.80 715.93 14.98�

HFSC+
����

�
180 80 10.4 

104.80 

106.05
�19.72

995.09 9.49�
121.54 928.49 7.64�
104.59 1118.02 10.69�
143.79 1100.65 7.65�
118.71 921.02 7.76�
138.69 846.65 6.10�
102.15 686.64 6.72�
119.53 649.59 5.43�
82.29 777.68 9.45�
90.17 1120.75 12.43�
79.28 746.72 9.42�
79.74 620.84 7.79�
96.52 661.97 6.86�
100.45 1079.62 10.75�
108.45 1136.58 10.48�
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� 3-3� ���������������������������������������

����������

�� �� ���m� ���m� �������������

���������m�

��� ��� 0.99 
OPC+����� 90 � 80.09 336.32 838.24 1206.70 
OPC+����� 180 � 164.07 555.34 1583.45 2338.34 

HFSC+����� 90 � 172.25 426.91 1506.31 2298.87 
HFSC+����� 180 � 173.62 796.79 1884.74 2683.57 
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�������������

90 � 180 �

���
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���

��

���

���

(mm) (mm)
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���

��

���

���

(mm)

���

���������������������

�������������

180 �

(mm)
�����
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1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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