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Coal tar-coated pipes buried in a domestic nuclear power plant have operated under the cathodic protection.
This work conducted the simulation of the coating performance of these pipes using a FEM method. The
pipes, being ductile cast iron have been suffered under considerably high cathodic protection condition beyond
the appropriate condition. However, cathodic potential measured at the site revealed non-protected status.
Converting from 3D CAD data of the power plant to appropriate type for a FEM simulation was conducted
and cathodic potential under the applied voltage and current was calculated using primary and secondary
current distribution and physical conditions. FEM simulation for coal tar-coated pipe without defects revealed
over-protection condition if the pipes were well-coated. However, the simulation for coal tar-coated pipes
with many defects predict that the coated pipes may be severely degraded. Therefore, for high risk pipes,
direct examination and repair or renewal of pipes are strongly recommended.
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Table 1 Inspection of buried and underground piping and tanks [8]

Current AMP XI1.M41 LR-ISG-2015-01
Condition Years 30-40 Years 40-50 Years 50-60 Years 30-40 Years 40-50 Years 50-60
C 1 1 1 1 1 1
D 2 2 2 2 2
E 10 12 3 3 3
F 15 20 25 6 6 6
Conditions:

C : CP operational and meeting operational and effectiveness goals in AMP XI1.M41

D: CP demonstrated to be not required

E: CP operational but does not meet operational and effectiveness goals in AMP XI1.M41; however, coatings and backfill meet
preventive action recommendations of AMP XI1.M41, operating experience does not reveal leaks, significant coating degrada-

tion, or metal loss, and the soil is not corrosive.

F: Condition C, D, or E not met, and either: (a) plant-specific operating experience has revealed leaks, significant coating
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(b)

Fig. 1 3D layout of domestic nuclear power plant: (a) Area 1, (b) Area 2, (c) Area 3.
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Fig. 2 3D FEM model domain extracted from 3D CAD data base: (a) Area 1, (b) Area 2, (c) Area 3.
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Table 2(a) Govern equations for 3D simulation using a primary current distribution

Govern equation

Primary Current Distribution

c =6 yu =~V

v ° Zl Qs’ Zs - _O—Sv¢5

Electrolyte-Electrode Boundary

¢s.e.7:t - ¢l = F,

Electrolyte Potential

Ve =@ y,=0V9

Table 2(b) Govern equations for 3D simulation using a secondary current distribution

Governed equation

Secondary Current Distribution

=-0,4, V-i,=0

Electrolyte-Electrode Boundary

n- l/ ltotal

ltotal = Z l/ac,m
m

Electrolyte Potential

¢/ = ¢1 bnd

Key
iy = Current density in liquid
iy = Current density in solid
ic = Local current density

O, = Total charge in liquid(Soil)
O, = Total charge in solid
g = Conductivity of liquid(Soil)
o, = Conductivity of solid

Table 3 Parameter for simulation runs

ip = Exchange current density
a, = Anodic transfer coefficient
a. = Cathodic transfer coefficient

n = Overpotential
= Potential in liquid
@, = Potential on solid

?

Parameter Value Description
o 0.02 S/m Soil conductiviry
Eegcs 072V Equilibrium pz)‘t:.ntisa(l: Eo)f carbon steel
Iy cs 931e* A/m’ Exchange current density of carbon steel
a, 0.5 Butler-Volmer coefficient (+)
a. 0.5 Butler-Volmer coefficient (-)
fapp 1.2 A Applied total current
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Fig. 4 Cathodic polarization curve of ductile cast iron in aerated
0.01% NaCl solution at room temperature (scan rate; 0.33 mV/s).
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Table 4 Cathodic protection status of domestic nuclear power plant

. . V vs. SCE
Areas Applied voltage, V| Applied current, A Maximum value Minimum value Mean value
Area 1 12 1.2 -0.61 -1.83 -0.90
Area 2 12 1.2 -0.49 -0.69 -0.55
Area 3 6.9 0.12 -0.50 -1.13 -0.70
3. ¢TI U A 7] meE) Avishel vlmes sl8l 179 ~ 37l 8
sh= v ul el tisto] Skt tju] A2l % (On
3.1 €& 53 M ol potential) & St aL, &4 < 7] 78] Q7P

Surface:; Electrolyte current density magnitude (A/m”) Arrow Volume: Electrolyte current density vector

x10°n T4

(a)

face: Electrolyte potential (v)

(b)

Surface: Electrolyte potential (V) ‘

(©)

Fig. 5 Simulation result for area 1 using a primary cuwrrent distribution: (a) current density and its vector, (b) electrolyte
potential of defect #1, (c) electrolyte potential of defect #2.

CORROSION SCIENCE AND TECHNOLOGY Vol.16, No.3, 2017

121



H Y. CHANG, K. T. KIM, B. T. LIM, K. S. KIM, J. W. KIM, H. B. PARK, AND Y. S. KIM

Surface: Local current density (A/m’) Arrow Volume: Electrolyte current density vector

Fig. 6 Simulation result for area 2 using a primary current distribution: (a) current density and its vector, (b) electrolyte potential

of defect #1, (c) electrolyte potential of defect #2.
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(b)
Fig. 7 Simulation result for area 3 using a primary current distribution: (a) current density and its vector, (b) electrolyte potential
of defect #1, (c) electrolyte potential of defect #2.
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Fig. 8 Effect of the number of coating defect on the cathodic potential (applied current: 1.2 A, total defect area: 886.8 cm’):

(a) defect number = 8, (b) defect number = 16.
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Fig. 9 Effect of the number of coating defect on the cathodic potential vector (applied current: 1.2 A, total defect area: 886.8 cm’):

(a) defect number = 8, (b) defect number = 16.
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Fig. 10 1D line plot of potential distribution by increasing defects of pipe #1 (applied current: 1.2 A, total defect area: 886.8 cm’):
(a) defect number = 8, (b) defect number = 16.

Fig. 9ol Wepigith. 18 ollM of o] A7t S71He=r S/ AT ake] WA g2 wo] glo] B 2
= Ao Boshy] S8l g o R s AT B U i AT o BN v AR F ARE A
o A718k w717y 27kl 11 e SV E 4 S slnh e Aor FAD ¢ vk =g, aRAlel EA7F ok
g, i mHelA ASREE S AdsHAl Bt AHES 109 ol 23ehs =2 AR EH Ty
913l 1D Line Plot& AHg-3F4 Hﬂ%lﬂr 2] ERA 9 © A AT Y T V] 5L e R A1
S ZAISHSIEE Fig. 102 vk 19 IRAS F7tel nh& of F-A15 op7letaL e 2D 7 7] wiell vilAdula
Fde] R Aot 871l (aM 37 F=3 Tk Tl Wiz g e 717] 9 el tiE o] 212 #
F 9= —3.6 V(SCE)olH, A7t 78 » Aok o] # g8kt

[e]

ok —2.6 V(SCE) &] W23 91E Bolar gk
Hj¢ 298] IRHAS STt wE A %ﬂ—ié Fig. 11 4. A=
of Jehfglon, Askrrt 87091 (a) o A$- =3} 7k
= B HE -2.3 V(SCE) o)L, A7 7 v Ag U 7k A 1) 5700 AR ARS8 AR71/EUE R/
oF —1.2 V(SCE) 8] 214915 Kol Qlrk o] 71 SkA] Ao} A28 @ A=72] 3D CAD EHS o] g3ko] vjAdn)

)= ko) o] wlaulhe] I ATl F/He wek  we] 3D FEM 2713kt slAe e el wwke] )
ARHE AR ool Bobd HAANL +HFOR 4S5 A9 A5E Fal AL oleS vlasiel ket B AR
She @itk webd 47] Table 49) A4 4 oldvjgh & Qgich

ool 2191579} vlastel w, WA v AE v EW

o sgell AHEAS F) met hpel ARl EASAG 1) AR Y E0e] AgEo] LAFQ SR A

CORROSION SCIENCE AND TECHNOLOGY Vol.16, No.3, 2017 125



H Y. CHANG, K. T. KIM, B. T. LIM, K. S. KIM, J. W. KIM, H. B. PARK, AND Y. S. KIM

Electrolyte potential, V(SCE)
<

g s 10 i 200 25 30 35 40 45 500 55 66 65 70 75 RO 85 90

Arc length
(a)

16|

1.2 '
a
= |
= 04+
§ G
=3
] |
a 04
S |
[}
:g «048:
2ot

<16 i

2 ‘

i 5 10 15 20 25 30 35 40 45 S0 55 66 65 70 75 80 85
Arc length
(b)

Fig. 11 1D line plot of potential distribution by increasing defects of pipe #2 (applied current: 1.2 A, total defect area: 886.8 cm’):
(a) defect number = 8, (b) defect number = 16.
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