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Corrosion Rate of Buried Pipeline by Induced Alternating
Current

H. S. Song, Y. G. Kim, S. M. Lee, Y. T. Kho, Y. S. Park+

R&D Center of Korea Gas Corporation, Ansan, (425-790), Korea
*Department of Metallurgical Engineering, Yonsei Univ., Seoul (120-749),
Korea

An alternating current (AC) corrosion using coupon has been studied. Coupons
were applied in terms of AC voltage from high value to low value through the
survey of AC voltages on buried gas transmission pipeline over the country.
Parameters such as AC current density of coupon, AC voltage, cathodic protection
potential, soil resistivity and frequency were monitored continually. Corrosion
induced by AC was observed even under cathodically protected condition that met
cathodic protection criterion(; below -850mV vs. CSE). Corrosion rate was affected
mainly not by AC voltage but by both of frequency and AC current density. An
experimental corrosion rate relationship could be obtained statistically, in which
AC corrosion rate increased linearly with effective AC current density and its
slope was 0.619.
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Fig. 2. On-site monitored AC voltage profiles.
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Fig. 3. An example of plot on measured AC
voltage, corresponding AC current density and

cathodic potential.
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Fig. 4. Comparision of measured AC current density of coupon with calculated current
considering on-site measured AC voltage and soil resistivity.
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Table 1. Results of AC corrosion rate using coupon and monitored parameters.

Corrcz:i(;l;)Rate Results of Monitored Parameters
TsTts: Timzu(r::m.) AC | Gathodic A?)g:::ye " Soll |Coefficient
, Voltage| On-Potential (mA/cm?) Reistivity | converted
1 6 12 V) V) | (min.~max.) (Gem) | to BOHz
Ki1 298 |569|8~24 | -1.2~-1.6 2~24 6180 0.40
Ki2 3.27 |2.31| 3~8 | -1.2~-16 | 1~3 8101 0.43
KI3 045193 3~8 | -1.1~-1.8 0.5~2 6280 0.41
Kl4 3.19*|1.28 1 -1.2~-2.4 1 1948 0.43
S2 551 2.78,10~20| -1.3~-2.5 1~3 15072 0.79
S3 1.51 [ 1.17| 6~20 | -1.0~-3.3 1~8 2763 0.64
CC1 24 .44 12~15| -0.9~-1.6 20~40 2323 0.88
cc2 5.08 {3.52| 4~12 | -1.2~-17 0.5 15028 0.59
cc3 1.67 | 1.43 (2 -1.1~-1.8 0.5~2 - 4772 0.55
CC4 5.25*|2.14 (2 -1.1~-1.6 0~4 3328 0.59
HN2/4.32| 5.12 3~12 | -1.1~-1.8 2~10 9734 0.46
HN3 2.39 {6.59"| <2 -1.0~-1.5 1 5228 0.82
HN4 2.47 | 3.76 1 -1.3~-1.7 (0.5 11930 0.74
KN1/6.37| 1.47 | 2.65 | 14~22| -1.4~-2.1 1~22 10048 0.50
KN2 193|195, 3~8 | -1.0~-1.5 1~8 . 2951 0.33
KN3 152'3 17.78 3~5 | -1.6~-2.2 10~20 600 0.96
KN4 2.46 1 -1.0~-2.1 (0.5 | 1381 | 0.33
KP2|2.33| 2.14 | 3.16 | 6~11 | -1.1~-1.8 1~8 16328 0.43
KP3{2.44| 241 (3.13| 2~5 -1.5~-1.7 0.2~4 8792 0.61
KP4 1.08 |7.78% (1 -1.7~-2.4 (2 2575 0.55

« oA e 240 AHE
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Fig. 5. Dependance of corrosion rate on AC frequency.
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Fig. 6. SEM photograph showing R
corrosion products formed at AC Energy (ko)

interference field. Fig. 7. EDX result on the corrosion

products in Fig. 6.

(a) negligibly corroded {b) moderately corroded

Fig. 8. Photographs showing corroded surface after removal of corrosion products in
Clark solution ( {_}: exposed area to AC interference).
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Fig. 9. Monitored results of AC voltage, AC current density and cathodic potential at
CH1 place (A, B and C site is denoted position from AC interference source).
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current under coupon area after 6 month test.

48 DROH 99 B4" WAL weANE Fg 1204 Hexe us
Zol @& FAxo WHRTAAA BT ot Fig. 1394 EAX= vl Zo] o %2
AEe AFDHAME EFHHoZ FHES ¢ F Aok BT olFA LFHAH dFol
Hed A7IAEE dAdMe FE WP Zo] AtdE FE ZFAFEE
AYPHA FAAFTE Holm (7]1€7] 0885 A&AS 0.963), ©I& Fig. 149 JeEt
oo oleldt AAZRE vfduj#d o] FASETE B2 B A R el A
she A% B $AASE Frbsted AN AT FULE A4E & UL A
o2 dwddHTh

1.2 1.2
A site slope: -1.61911=>8.Smm/y
1.0 <€, S PR 1.0 o B site slpoe: -0.26228="-1 38mm/y
h slope: -0.011=>0.08mpy '\ C site slope: -0.18568=>0.98mm/y
0.8, Wuaw"f‘f‘fn_‘“‘% B ACH10.2Y. DC:1.88V. i, /0.09mAscm? 0844 .
Ny o AC9.48V. DC:-1.74V, i,g0.17mA/cm® .
oy Ce % ACH3SNOC180V iglemac | o« \. \
g 067 T S 0sq »
€ S 3 \ \
084t M 0.ad * \\:
024 = slope: ~0.021=30.18mo5 004 * -
nslcpe- 0,259 32.2mpy A site B site C site
0.0 T T T 0.0 T T T T T T
0 10 20 30 40 0 1 2 3 2 . M
Elapsed Time (days) Time (hr)

Fig. 12. Behaviors of ER sensor at low  Fig. 13. Behaviors of ER sensor at high

AC intensity. AC intensity.



100 p
k -//
%4
s
= S
Q !
E 103 P
2
o ~ slope: 0.885, R=0.963
o a
c /"
ke’ u
0 14
.0 3
o Ly
o (I u
0.1 < T T T T
0.1 1 10 100

AC Current Density (mA/cnf)

Fig. ‘12. Corrosion rates of ER sensor with
effective AC current intensity.
4. 4%

1) E4vlAgo] 30002cmE ¥ A
FAREEE 4 QX4 23

W @A
w=BVa/ (o T2 ZFE & Fol& YEAT
2) FE Wo] lem’| M 9em’e 2 F7hEgl weh WRAFE Ao 200% Srhete Aoz
BEH o, oo wat TERAo] AXY @Y @AY AFAFUEE dA8 Pastd
DR d@ BASEE 2A Zasdn
3 ARFALEE Fis H¥e AT FE LFAFLEC datq Prlete ol B
st Busger, #1 LRARLE e 34 AFLE W I(FH4 74 ulg

A3 -10V olst2 WA JE el A
o ot AMAoz Zrslg o, o u 71L&

5 H71AEY SHaAME Hr|wao] FaiX= o dujF#e AN AFAHY =
of mel @it o BFALZLEE AT = oy RALeE 43 ZHAFUE
wel My oz F73) = of EAste FANA Al WAAG &
o2 3849 F &L A '



REFERENCE

1. A. W. Peabody, Control of Pipeline Corrosion, NACE (1967)

2. NACE standard RP0177 (1983)

3. Working Group 36.02, Guide on the Influence of High Voltage AC Power
Systems on the Metallic Pipelines, CIGRE (1995)

4. J. F. Williams, Materials Protection, 5, 52 (1966)

5. U. Bertocci, Corrosion, 35(5), 211 (1979)

6. R. A, Gummow, R. G. Wakelin and S. M. Segall, International Pipeline
Conference, ASME, 1, 443, (1996)

7. P. Hartmann, 3R International, 30(10), 1991

8. G. Helm, T. Heim, H. Heinzen, W. Schwenk, 3K Interantional, 32 (1993)

9. G. Peez, Gas Erdgas, 134(6) (1993)

10. G. Heim and G. Peez, Gas-Erdgas, 133(3) (1992)

11. D. Funk, W. Prinz and H. G. Cshoneich, 3R International, 31(6) (1992)

12. F. Kajiyama, Y. Nakamura, Corrosion, 55(2), 200 (1999)

13. Y. G. Kim et al.,, International Corrosion Congress, Capetown, South Africa,
1999

14. Y. G. Kim et al., 194th Electrochemical Soc. Conference, Boston, 1998

15, R. A. Gummow, R. G. Wakelin and S. M. Segall, CORROSIONS8, paper no.
566, NACE (1998)

16. M.. A. Pagano and S. B. Lalvani, Corrosion Science, 36(1), 127 (1994)



