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The external corrosion of buried piping can be controlled using both coating and cathodic protection. Several
factors are involved in the damage and deterioration of the coating on pipes. There are many detection
methods for coating defects on pipes and the direct current voltage gradient (DCVG) method is one of
the most powerful methods. However, the detection reliability of DCVG can be affected by interferences
such as stray current, metal objects connected to rectifiers, and copper grids. Therefore, this study focused
on the interference effects of rectifiers and a copper grid on the reliability of coating flaw detection. As
the length of the interference pipe connected to the rectifier increased, the reliability decreased. In contrast,
as the distance between the pipe and the copper grid increased, the reliability of the coating flaw detection
increased. The detection results produced by the DCVG method were discussed using current and potential
simulations for a pipe with a rectifier and copper grid interference in the soil.
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Table 1 Buried pipes and flaws in the test bed
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Pipe’ Buried depth Diameter Length Total Surfe;ce Area | Total Fla\2V Area Flaw ratio
(m) (cm) (m) (cm’) (cm’) (%)
CS-1 1.7 10 12 37,698 1,130 3
CS-2 1.7 10 18 56,547 1,695 3
CS-3 3.0 10 30 94,245 2,825 3

" CS (Polyken coated carbon steel)
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Fig. 1 Configuration of buried pipes in test bed (Red lines means the location of the coating flaws); (a) side view on the test
bed (polyken coated carbon steel pipes), (b) top view on the test bed.

717} AR E Qe wfAdE 7E d=2L #3AakEs d=(CSE,
Cu/CuSOy) ©]t}. BE wj#o) A 9% AsrS 565 cm? 7]
Z A= Table 12 wjd® wjste] JHE Qoksth

Zlolt},
2.2 U5 Zg £ 4y
27112] Cu/CuSO, 71 A=-& AHE-sb DCVG " (MC
Miller, GX Voltmeter/GPS Receiver)®l| 9J&l 28 Ag+
S BB 7 B A o] =& [18]2] 100%
el At skt DCVG 574 Al, 2719 A5
Z 710] " Aol 4 Wk Hell fAsHAl k8o,
]“ﬂ AR F37F (0 A (HE a5 APS 4
A% 2 Tt 7 ATellAE DCVG el &gt
157} AA dge] $xeA £1 m 2k 8¢ el
Asto] AEH kil g elstlrH18].
ErM MEIT AL
DCVG Z4el olst 9 Ao A=

HiFh 2Rl wet S A9 Fao o4
o 28U 35 9He A AA dg

A

o

23 EIE 245t

ool w5l
u alo] 29
Sk gAY

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020

[e) Al
5 = A
ﬁ—l:_,. A A

0B BN R} e 5 Qo] &
AF S Axkelolof ). wela] B QATolA
b gaes ASGE D8, T A
= A% A5 A9 AA Aske] 91717}

AR, % = BANE X 2/
[ e 5 + S3AFNEY 5

24 9IF HEI| T S W

Table 2% A3 AF77] IS S48 WS 29k
sk Zloltt, 1 77 73] S o wilde ‘CS-2°

wjdol ], 7] w32 ‘CS—1" (Interference Pipe #1),
‘CS—3’(Interference Pipe #2) ©]t}. Case 12 <13 A+F
7] 230l s wWe] S i A3 B, Case 2—— 1¢k
S i I ARV A A S i A &Y, Case
3 26w 1Y ARV A A S e @?:L g2,
Case 4% 1% 59 wj#y 29 wj#o] A F77] 144
AlE] F4 wd A3 Bds Su)sith

213



M. G. KIM, B. T. LIM, K. T. KIM, H. Y. CHANG, H. B. PARK, AND Y. S. KIM

Table 2 Detection condition by the rectifier interference

Detected Pipe Interference Pipe #l1 Interference Pipe #2
(CS-2) (CS-1) (CS-3)
Case 1
(No Interference) On Off Off
Case 2
(#1-On, #2-Off) On On Off
Case 3
(#2-On, #1-Off) On Off On
Case 4
(#1-On, #2-On) On On On
) Veyu=@ 4y=—0V
2.5 X F2|1% ZHd 5 WY
B el 2H) S CS—1ME CS-2ahe Vi =@ i = oY,
A71A 07 QA& sto] e vl AAE ez 33l iy = Current density in liquid
ok 1] S vl 1A e AdEHA] ¢har 7179 is = Current density in solid
AR71E ol&3sto] Asks 7k e 9 A e @ = Total charge in liquid
HiZS 22 Q1 ARV Adste] sk oz 18y @, = Total charge in solid
=it Table 32 729 7] &4 wHH& a9kt Zojtt ¢; = Potential in liquid
¢s = Potential on solid
2.6 2= AlEZ0[M WY
B Aol AR S04 AlEElold 22738 COMSOL
M 1= B . 2.6.1 2 J|5Ix M
ultiphysics We] 2 A& wri(Secondary current dis
tribution) & AH8-8IATE ol A EAEAM O] &35} E= B Aol a5 mdlE o] v)shtzt F FRF7
< 228, & (Ohm) 9 ‘%‘351011 A= st o] o w A REE s HA e ] 2EY 27 R veE
A d o) s 7Hgste] A7)sker Aol AT 9 49 Z18YEAT Fig. 2a= 4 4771 24 71sH-%, Fig. 2b
WEE EEohs Zaoly 89 A WA tha © A T A Vs RS vEhdieleh 2R w ol
s = AA T T A e A A Afe]=

Table 3 Detection condition by the copper grid interference

Flaw detection method Copper Grid Copper Grid Copper Grid

#1 #2 #3

Case 1
(No Interference) Off Off Off
On Off Off

Case 2
. (1 On - 2 Off) off On Off
CP for Grid Off Off On

or
CP for Pipe + Grid® On On Off
Case 3 Off on on
(2 On - 1 Off)

On Off On

Case 4
(3 On) On On On

* CP for Grid means that pipes and copper grids were separately cathodic protected.
* CP for Pipe + Grid means that pipe and copper grid were cathodic protected by the same rectifier.

214

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020



EFFECTS OF RECTIFIER AND COPPER GRID INTERFERENCE ON THE DETECTION RELIABILITY OF COATING FLAWS ON BURIED PIPES

z
yalox - 00

(b)

Fig. 2 Geometry of cathodic protection modelling; (a) rectifier interference, (b) interference of the copper grid.

Table 4 Parameters for simulation runs

Sigma Electrolyte conductivity 0.02 S/m
Ecs vs ref CS potential vs reference -4.5 V(CSE)
Ecc vs ref CS potential vs reference -0.95 V(CSE)

Eeq CS Equilibrium potential, CS -0.6 V(CSE)

Eeq CG Equilibrium potential, CG -0.32 V(CSE)
io_CS Exchange current density, cathode 3.09x10”7 A/em’
io CG Exchange current density, anode 1x107 A/em®
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Fig. 5 Simulation results of current density vector according to each type of rectifier interference; (a) No Interference, (b) #1-On,

#2-Off, (c) #2-On, #1-Off, (d) #1-On, #2-On.
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Fig. 6 Effect of the interference of the copper grid (CP for copper grid) on the flaw detection reliability of the pipe ‘CS-2’;
(a) Grid all-Off, (b) Grid #1 On, (¢) Grid #2 On, (d) Grid #3 On, (e) Grid #1 & #2 On, (f) Grid #1 & #3 On, (g) Grid #2
& #3 On, (h) Grid #1, #2 & #3 On.
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Fig. 8 Effect of the distance between the pipe and copper grids
on the reliability of flaw detection in buried pipe.
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Fig. 9 Effect of the surface area of copper grid on the reliability
of detection of coating flaw in buried pipe.

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020



EFFECTS OF RECTIFIER AND COPPER GRID INTERFERENCE ON THE DETECTION RELIABILITY OF COATING FLAWS ON BURIED PIPES

Fig. 82 vl’d wivte] 9] Agh & Aol vA|= A
T A G2 Bolerh 1l 1 E% u}e} ghol,
et 42 g ke A 7k AA 7Y
A 58] BAI90] B Ao} 71/\0}031—4_ Z=42S

o] &3to] 100% Addho] BAkE 4= Q= Ax] Ftgwa) vl
ko] AgE e, ?LE]”J& A WA shs A5-(CP
for grid) &= 4.1 m o4 28] iy} FH2jEd-s Y4 FH
712 WAs= 7-9-(CP for pipe + grid) & 4.2 m ©]o
A e el gle Ao® ARtE I

Table 6h A T2 I Ao e A ' e
5 Qoksh ZlojH, o] Hlo|HE o]g-ste] widulye] ¥
-"‘%—é?}é‘% shieo] mA= JA e dA o] wE
= I"o R ZAdsielnh Fig. 92 vl wid (o] %9

>

A

O.u
09; o

Huo
_1>4

o

Surface: cd.phis_eebill-phil (V)

3

Surface: cd.phis_eebill-phil (V) 2

10

: -
6

4 -

2

0

2

-4

(©)

Reliability, %

&

100

80 A
70 A

20 A

No Interference

CP for Grid CP for Pipe+Grid

Fig. 10 Effect of copper grid interference types on the average
reliability of coating flaw detection in buried pipe.

Surfa

ce: cd.phis_eebiil-phil (V) 2

face: cd.phis_eebill-phil (V) 2

face: cd.phis_eebill-phil (V) 2

Fig. 11 Surface potential distribution simulation result according to the distance between pipe and copper grid; (a) No interference,

(b) 0.5 m, (¢) 1.5 m, (d) 2.5 m, (e) 4.5 m, (f) 5.0 m.

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020

221



M. G. KIM, B. T. LIM, K. T. KIM, H. Y. CHANG, H. B. PARK, AND Y. S. KIM

295 m*) 9] w5 A T g wAE g4 T
WA S Btk T B mkel o), A
Tl WAool kel fﬁ}ﬁ‘r AA TS A FEel
ARl B ALt kst 53], wjdt HA T
2ol M= AdHo 52 fi QA AR A HAL 3l
3%, AA ?LE]”U o] Srhekel] whet FAsHA B
Xﬁ‘f‘:ﬂ Hashs 7)\—% glg 4= Sl

Fig. 10 vid w3 95 A3 g2 J=(Fwh ol
A= HA TS A fEe 9
A 9,«% ]'9} o], 7ol gl
100 % A s =
of whet B Xé 7
T Slth 0}143} Hﬂ':i A T2 el &
7V8kar Q= 73%-(CP for grid) ol vsto] wjwha} A
Wol 2 AA=9 74-$-(CP for pipe + grid) o]
BAEETF 18.7 % H HolA= Ae &+ Stk
Fig. 112 vk} 4] 7278 Abol o] Aol & #|3%
W A9 i AlEold AE HojEr)h mjld x5 WEk
5~ 35m, yF 3 9 m Aol Ax|sp 7H7+e] Aghe-
xF WO E 7 m, 14 m, 22 m, 28 m, 32 m Aol IX|sk
th. Fig. 1lav= 0] Sl 9ol i vjde] A 3d A
9l #-3zolm, Fig. 11b= wieka} HA| 724 Abel 9] 7 2)7}
0.5 m¥d vl A9 9] #E, Fig. 1l “H-Lh/} A 7+
g Atele] )7k 1.5 m W A3 A9 2%, Fig. 11de
HH”J% AA T2 Aol Agl7r 2.5 mY W A3 A9
3, Fig. 1lev wj3#y A=A F27 Aol A7t 4.5
A XFEA HY BX Fig. 11f= i@y HA| 2%
*}014 A2 7F 5.0 mY o A A9 F2E YERATh
AA 21782 1Hdo] gl Fig. 1lave 5709 95 A
AR AN ALY AYEE7} Hol= AS &eldk 5= 9t}
g A F2Ee A7t 0.5 ml Fig. 11be A
TEge] Mo Qlste] Tk A e At A= ERY
=] 0}014_ vz do] Hrek 7 m, 32 m 2|7 2] A3t 279
Aslo] o] AL =29 X—]H_‘?'__L7]- Hol= A& ol
Qitt o]z 3t A¥= Fig. 11c ¥ Fig. 11doA = &<lsk
Aom, o]= Fig. 6b—de] A3t Anel fAket 2
HolFt) oA HER vl o] vk} A -2
Fe] A7t 4.2 m o3 oA =™ HA Ferge] 1M 9%
o] gl Ao E AL 1A a# HX) T2 A
o]l A7} 4.5 mell diste] AlE#H oS AR Fig.
lle® ®¥, 7 m, 32 m AF¥T olyg}t 14 m, 22 m,
28 m A e A A% s AL gldh o
o i A4 T Akl e A7 5.0 mell o gt
AEEJA AR Fig. 11f A& A9 A| oA Erg st

o]
LI
BAY ASRES AT 5 k.

= o 4> %

222

4. E2E
A7 Bl midE wje] v A9 e ehieel
ik 2h =20] Gl 23S gl A AR71
A T o] wiae] v & Ad B gl vAl=
&= wHT A v 22 AEs Ak
1) viAdujeke] w548 g et A= A 4
719 S S8 A, A AR7lel A% 1A
wj 2o dol7k Skl webA ' viae] vE 4
& BT Akt 11 9l Bl
=

];](;'] ;(-]_%_7]0“ g]-o‘ @%E—IE }‘]%a O]}\d:l' é‘ﬂ]'y

EFolA QA AR7I=HE F8E Al 2aA
g ko] AR e Aol v)Qlek Ao®
2=t

2) viiAdul¥t 9] EA e B et vA= HA T
] RS Ere A gA T A A
o] 7 M4 AR keSS B8 A @
AL asiglon, W A Telte §
Q3 = 7]E tﬂ—/\] o].‘:‘ 7 o oﬂ E]—/\]—X‘] §L1:7]_ g%
A sl $h, St A e ke
F L2 AYGE AellMe tizk 4.2 m) oS
2 ol7 ¥ A e A el A9 fle
O AXbEGl oM, AEH AL EE AlEHIA
3 Aol AAE AFS uoln,

d

Of

AR =2

2 ATE 20179 % ARSI TS Ao R sl
UA71E97H (KETEP) @] A1 g8 wol 8t A-2HA
21t} (No.20171520000350).

References

1. J. G. Kim and Y. W. Kim, Corros. Sci., 43, 2011 (2001).
https://doi.org/10.1016/S0010-938X(01)00015-4

2. 1. Gurrappa, J. Mater. Process. Tech., 166, 256 (2005).
https://doi.org/10.1016/j.jmatprotec.2004.09.074

3. E. S. Ibrahim, Elect. Pow. Syst. Res., 52, 9 (1999).
https://doi.org/10.1016/S0378-7796(98)00133-3

4. K. T. Kim, H. W. Kim, Y. S. Kim, H. Y. Chang, B
T. Lim, and H. B. Park, Corros. Sci. Tech., 14, 12
(2015).
https://doi.org/10.14773/cst.2015.14.1.12

5. S. Srikanth and T. S. N. Sankaranarayanan, K.
Gopalakrishna, B. R. V. Narasimhan, T. V. K. Das,
and S. K. Das, Eng. Fail. Anal., 12, 634 (2005).

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020


https://doi.org/10.1016/S0010-938X(01)00015-4
https://doi.org/10.1016/S0378-7796(98)00133-3
https://doi.org/10.1016/j.jmatprotec.2004.09.074
https://doi.org/10.14773/cst.2015.14.1.12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

https://doi.org/10.1016/j.engfailanal.2004.02.006

. A. Osella, A. Favetto, and E. Lopez, Appl. Geophys.,

38, 219 (1998).
https:/doi.org/10.1016/S0926-9851(97)00019-0

. A. Osella and A. Favetto, Appl. Geophys., 44, 303 (2000).

https://doi.org/10.1016/S0926-9851(00)00008-2

. L A. Metwally, H. M. Al-Mandhari, A. Gastli, and Z.

Nadir, Eng. Anal. Bound. Elem., 31, 485 (2007).
https://doi.org/10.1016/j.enganabound.2006.11.003

. L. C. Wrobel and P. Miltiadou, Eng. Anal. Bound. Elem.,

28, 267 (2004).
https://doi.org/10.1016/S0955-7997(03)00057-2

R. A. Gummow and P. Eng, J. Atmos. Sol.-Terr. Phys.,
64, 1755 (2002).
https://doi.org/10.1016/S1364-6826(02)00125-6

M. E. Orazem, Underground Pipeline Corrosion, Ist
ed., p. 227, Woodhead Publishing, Cambridge (2014).
https://doi.org/10.1533/9780857099266.2.227

Y. B. Cho, Y. T. Kho, S. Y. Li, K. S. Jeon, and K.
W. Park, J. Corros. Sci. Soc. of Kor., 26, 400 (1997).
http://www.j-cst.org/opensource/pdfjs/web/pdf view-
er.htm?code=J00260500400

D. H. Boteler, L. Trichtchenko, C. Blais, and R. Pirjola,
Proc. Corrosion 2013 Conf., p. 2522, ID NACE-2013-2522,
NACE International, Orlando, Florida, USA (2013).
Z. Masilela and J. Pereira, Eng. Fail. Anal., 5, 99 (1998).
https://doi.org/10.1016/S1350-6307(98)00006-5

M. Norm, Mater. Performance, 52, 96 (2013).

Y. D. Ryou, J. H. Lee, Y. K. Yoon, and H. S. Lim,
J. Korean Inst. Gas, 18, 12 (2014).
https://doi.org/10.7842/kigas.2014.18.5.12

A. Smart, G. Lupia, A. Tuga, and J. Cavallo, APEC
Validation for Reasonable Assurance of Buried Piping
Integrity, EPRI (2014).

B. T. Lim, M. G. Kim, K. T. Kim, H. Y. Chang, and
Y. S. Kim, Corros. Sci. Tech., 18, 277 (2019).
https://doi.org/10.14773/cst.2019.18.6.277

J. H. Park, H. M. Kim, and G. S. Park, J. Korean Magn.
Soc., 26, 24 (2016).
https://doi.org/10.4283/JKMS.2016.26.1.024

S. L. Shin, G. H. Lee, U. Ahmed, Y. K. Lee, and C.
H. Han, J. Hazard. Mater., 342, 279 (2018).
https://doi.org/10.1016/j.jhazmat.2017.08.029

Y. D. Ryou, J. J. Kim, and D. K. Kim, J. Korean Inst.
Gas, 19, 38 (2015).
https://doi.org/10.7842/kigas.2015.19.3.38

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

EFFECTS OF RECTIFIER AND COPPER GRID INTERFERENCE ON THE DETECTION RELIABILITY OF COATING FLAWS ON BURIED PIPES

J. J. Kim, M. S. Seo, and D. K. Kim, J. Korean Inst.
Gas, 18, 66 (2014).
https://doi.org/10.7842/kigas.2014.18.5.66

S. Xie, Z. Duan, J. Li, Z. Tong, M. Tian, and Z. Chen,
Sensor. Actuat., A-phys., 309, 112030 (2020).
https://doi.org/10.1016/j.sna.2020.112030

Y. D. Ryou, J. H. Lee, Y. D. Jo, and J. J. Kim, J.
Korean Ins. Gas, 20, 50 (2016).
https://doi.org/10.7842/kigas.2016.20.4.50

K. J. Satsios, D. P. Labridis, and P. S. Dokopoulos,
Eur. T. Electr. Power, 8, 193 (1998).
https://doi.org/10.1002/etep.4450080307

Y. B. Cho, K. W. Park, K. S. Jeon, H. S. Song, D.
S. Won, S. M. Lee, and Y. T. Kho, Proc. Int. Pipeline
Conf., paper no. IPC 1996-1851, p. 463, Calgary, Alberta,
Canada (1996).

https://doi.org/10.1115/IPC1996-1851

M. Magura and J. Brodniansky, Procedia Engineer.,
40, 50 (2012).
https://doi.org/10.1016/j.proeng.2012.07.054

Y. B. Cho, K. W. Park, K. S. Cheon, H. S. Song, D.
S. Won, S. M. Lee, and Y. T. Kho, J. Corros. Sci.
Soc. Kor., 24, 167 (1995).
http://www.corrosionkorea.org/publication/publication0
4 1 _vol result.php?page=2&cs_code=10001&cs_year
=1995&cs _issue=1&cs_volume=24&cs_row=10

K. S. Kim, B. T. Lim, H. Y. Chang, and H. B. Park,
Journal of Power Engineering, 30, 3, 116 (2019).
H. Y. Chang, K. T. Kim, B. T. Lim, K. S. Kim, J.
W. Kim, H. B. Park, and Y. S. Kim, Corros. Sci. Tech.,
16, 115 (2017).
https://doi.org/10.14773/cst.2017.16.3.115

H. Y. Chang, H. B. Park, K. T. Kim, Y. S. Kim, Y.
Y. Jang, Trans. Korean Soc. Press. Vessel. Pip., 11,
61 (2015).
https://doi.org/10.20466/KPVP.2015.11.2.061

Y. Chao, L. Jianliang, L. Zili, Z. Shouxin, D. Long,
and Z. Chengbin, Corros. Rev., 37, 273 (2019).
https://doi.org/10.1515/corrrev-2018-0089

Z. G. Chen, C. K. Qin, J. X. Tand, and Y. Zhou, J.
Nat. Gas Sci. Eng., 15, 76 (2013).
https://doi.org/10.1016/j.jngse.2013.09.003

ASME, ASME boiler & pressure vessel section II-Part
A, Ferrous Materials Specifications (Beginning to
SA-450) (2011).

223


https://doi.org/10.1016/S0926-9851(97)00019-0
https://doi.org/10.1016/S0926-9851(00)00008-2
https://doi.org/10.1016/S0955-7997(03)00057-2
https://doi.org/10.1016/S1364-6826(02)00125-6
http://www.j-cst.org/opensource/pdfjs/web/pdf_viewer.htm?code=J00260500400
https://doi.org/10.1016/S1350-6307(98)00006-5
http://www.corrosionkorea.org/publication/publication04_1_vol_result.php?page=2&cs_code=10001&cs_year=1995&cs_issue=1&cs_volume=24&cs_row=10
https://doi.org/10.1016/j.engfailanal.2004.02.006
https://doi.org/10.7842/kigas.2014.18.5.66
https://doi.org/10.1016/j.sna.2020.112030
https://doi.org/10.7842/kigas.2016.20.4.50
https://doi.org/10.1016/j.enganabound.2006.11.003
https://doi.org/10.1002/etep.4450080307
https://doi.org/10.1115/IPC1996-1851
https://doi.org/10.1016/j.proeng.2012.07.054
https://doi.org/10.1533/9780857099266.2.227
https://doi.org/10.14773/cst.2017.16.3.115
https://doi.org/10.7842/kigas.2014.18.5.12
https://doi.org/10.14773/cst.2019.18.6.277
https://doi.org/10.20466/KPVP.2015.11.2.061
https://doi.org/10.1515/corrrev-2018-0089
https://doi.org/10.1016/j.jngse.2013.09.003
https://doi.org/10.4283/JKMS.2016.26.1.024
https://doi.org/10.7842/kigas.2015.19.3.38



