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Study on long term corrosion behaviors of carbon
- steels in underground soil environment

Kiyoteru Hirabayashiv*
Akihiro Tamada **
Abstract

The purpose of this natural analogue study is to make and to validate the
corrosion model of carbon steel for long term corrosion behavior in soil.
Following results were obtained through the investigation of carbon of steel
water pipe buried in soil.

(1) The corrosion behavior was investingated for the water pipes which were
taken by excavating from fresh water deposited clay, -

@® The corrosion in the clay is extremely small. This behavior is
expected due to neutral and low oxygen condition.

® The maximum pitting depths were measured and also the extreme value
was obtained, With applying these data to the equation of H=aY ,n%
0.5 was obtained. From the values of actual measurement and extreme
value statistical method, prediction of the long term corrosion can
be carried out. Since the measured values were obtained from limited
areas, it is judged that the estimated values obtained from the
extreme value statistical method are more appropriate than the actual
ones. ) : ; ’

® It is necessary to acquire these data for the detailed evaluation.

(2) Through the implementation of measurement for the physical properties of
refined bentonite for one year, the resemblance and difference between
fresh water deposited clay and refined bentonite were clarified.

@ With the results of mineral and soil analyses and probe neasurement
referring, the environmental properties of bentonite resemble
basically to the fresh water deposited clay except the values of pH.

® The corrosion rate in bentonite is very small. However, the lower its
specific resistance and the higher iis chloride contents, the larger
corrosion rate was observed. It appears that these are effected by the
properties of protective film produced\by corrosion under low
dissolved oxygen.

Work performed by NKK Corporation under contact with Power Reactor and
Neuclear Fuel Development Corporation.
PNC Laison:Geological Isolation Technology Section,Waste Technology Development
Division,Tokai Works
* ¢ Nuclear Plant Lab., Engineering Research Center.
*¥ :  Quality Assurance Departments, Engineering Division.
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Table 1 Summary of Soil Environmental Factors Measured at Site

HE A LS BE | EHE (EB2|BE-2| FHiE
‘ ‘ 6035 | 2JF | 12H3: | 6HO3E |
+BIER (Q-cm) 243782818 | 5293 |3,593 | 3,53
i | 70— 7BEEE (m/y) |0.118 |0.057 |0.046 |0.051 | 0.0068
%2 7 u—7 HEER (Q) 262 | 5050 |557 |453 | 44
B | 7o—7 BT (V) 672 | -7120 | -794 | -766 | -738
i% S AT (a¥) 408 |30 |50 | 518 | 418
B | BLERER V) +262 | +291 | +179 | +216 | +237
Ty 7.7 |7.2 |69 |86 | 1.6
p H 8.0 |79 |77 |86 | 8.1
+ | ak=z (%) 8 |2 | |z 32
O |BLERER (V) +243 | +316 | +341 | +295 | +299
5 |WiBa+y  (e/ke) | LF | LDUF| 1BUF | 10T | 1T
T o X (%) 28 140 29.5 |22 30
~ | &t (mol/kg) |0.57 |3.2 1023 |14 | 1.3
% BB (mol/kg) | 2.7 !2.2 10.16 |0.49 | 1.39
~ I HBEE A A Y (mmol /kg) | 120 70 95 90 94
| EMESRE (mmol,/kg) |0 0.3 0.2 01T 0.125
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Photo 1  Corroded Surface of Pipe after Blasting (Tosima-1)
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Table 2 Summary of Corrosion of Pipes

i

IHE A = BE—-1 BE-2
c (%) 3.44 3.01
% S i (%) 1.68 2.29
% Mn (%) 0.45 | 0.44
/J’_}
;}jf P (%) 0.061 0.100
S (%) 0.113 0.100
r AL (%) <0.0010 <0.0010
| i
Fegz(a O | Fe.l; O ﬂm
& ¥ W & 1 - Fez0s O | FeC0; ol © o
c;() $i0; © | Si0: © O AW
% s RN TR URSRT V SP - N S|
5] FeCls O | Fe(03 O
*ﬁ; ! Fe;;[u O FEZU:«] )
L& KW & 7 - Fez0z O | Si0: ©
Si0. ©
%ﬁ BAILEESTEHE  (m) | 1.83 1.93
giﬂ] BAILEESEXRE  (m) 5.0 10.0
BALEBAEE  (m/y) 0.188 |  1.83
</ neLOMEE TEE LR
vJ/uel | THE
;7anﬁn
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Table 3 Examination Resulis on the amount of Steel
Pipes Buried in the Clay 5011-1901
HEH| A&EFES (m) LEEEEE (m/y)
WEEFT BE | THE §§:"{{E EhE , =AE
BB -1 27 | 176 | 3.8 0.065 |  0.14
BE -2 | 30 | 14 | 3.2 0.065 | 0.1
B8 -1 . 124,90
%% —.2 é:n‘. BH':QH
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Photo 2 Micro and Macro Structures of Cross Section of Corroded Pipe
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Table 4 Summary of Corrosion Environmental Factors

BIE BHLE | BExiM | Ju-yg | Ju-75 | Jo-JR | IR
K2 BiEEE pH | & | B | RSN | BEH | £3FF
i (mV) | (aV) | (-mV) (Q) | (mm/y) | Q - cm
FIERE 10.4 653 840 643 65 0.492 | 442
% 2| 12~HH 8.0 389 806 742 45 0.620 | 488
6 ~127 A¥Y 8.06| 485 804 738 37 0.808 | 469
b IERfE 10.0 6717 813 670 89 0.39 | 1706
x 5/12~HHE 8.1 405 855 764 61 0.462 | 695
6 ~127 R 8.3 439 864 758 46 0.635| 652
FIEAE 8.6 567 807 735 71 0.465 37.2
2| 125RHE 6.8 337 793 742 32 0.872 | 54.4
6 ~127 R¥Y 6.8 368 87 741 23 1.395 ] 50.5
A e 8.2 533 812 749 8 0.548 | 33.2
- 5112+~ AH 7.1' 385 793 750 36 0.771] 46.6
6 ~127 A¥HY 7.2 378 ‘803 746 25 1.234 | 44.2
i FIERTE 8.1 396 811 740 19 1.491 50.7
W0 125HH 7.4 333 812 727 27 1.041 ] 56.2
x 6 ~127 A — — - - — - | —
FIERfE 8.0 410 759 57 21 1.287| 97.0
05| 12vHE 7.3 332 801 42 52 0.875 ] 101
6 ~127 Ay - | — - - - - -
2~312~1T /1R 2B |5~6|5~6|4~»H
s = »yAH | »HB  HT®R HT®| BB ~BH | BiE
WRE | WRE | &l | & | wEE CES | K
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Figure2 Relation between Corrosion Rate and Duration
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Table 5 ‘Comparison of Environment Factors of Clays to Bentonite
wwnu%éﬁéigﬁikz i *
# ¥ E H
PEME | 12988 | 6~125 | FHE | BRIE | B/ME
: / RO
HELER  (Q ) | 441 488 469 3,68 | 5,203 | 2,437
BALETER (aV) 448 389 485 237 291 179
EXHEER (V) - 833 | -806 |- 804 - 478 | -850 | - 550
Ju-7ERER (aV) -671 |-7142 |-738 | -738 | -672 | - 794
T-IHBER (Q) 61 45 36.5 | 444 762 557
Ju-JREREE (m/y) | 0.492 | 0.620 | 0.808 | 0.068 | 0.118 | 0.046
pH 10.4 8.0 8.05 | 7.6 8.8 6.8
£—6 HidhoBEFEX
Table 6 Pit Depth in Clays
R B| RELEFES (n) | BESIFIILEES (an)
HEBH ZBEN| THE | BAE | BEE | BAE
# H (GHOW) |seEml| 103 | 2.0 | 2.8 4.2
OB (2R 20%m| o024 | 12 | 1.2 2.0
BE-1 (120,90 7€M | 176 | 3.8 3.2 4.6
BE-2 (6H,9H) | 30/ | 1.94 3.2 4.7 7.4
£-7 100 05%OREARES
Table 7  Pit Depth Estimated for 1000 years
BARILEFEZOHEH #EE (mn)
£ @ (FE 21.5
£ W (BXE) 5.0
miggat (RHERE) - 21.0
wiEgit (BKHE) - 25.4
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