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The modeling of 3D finite elements based on CAD data has been used to detect sites of corrosion
defects in buried pipes. The results generated sophisticated profiles of electrolytic potential and vectors
of current distributions on the earth surface. To identify the location of defects in buried pipes, the
current distribution on the earth surface was projected to a plane of incidence that was identical to
the pipe locations. The locations of minimum electrolytic potential value were found. The results show
adequate match between the locations of real and expected defects based on modeling. In addition,
the defect size can be calculated by integrating the current density curve. The results show that the
defect sizes were 0.74 m” and 0.69 m? respectively. This technology may represent a breakthrough
in the detection of indirect damage in various cases involving multiple defects in size and shape,
complex/cross pipe systems, multiple anodes and stray current.
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i1 =

Current density in liquid

e = Local current density

Q = Total charge in liquid (soil)

o1 = Conductivity of liquid (soil)

lp = Exchange current density

@1 = Potential in liquid
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TECHNOLOGY FOR THE DETECTION OF CORROSION DEFECTS IN BURIED PIPES OF NUCLEAR POWER PLANTS WITH 3D FEM
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Fig. 1 Example of test APEC indications on buried pipes of from brochure of Structural Integrity Associate, Inc. [4].
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Fig. 2 Geometric model of an anode and pipes.
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Fig. 3 Mesh generation of an anode and pipes.
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Table 1 Governing equation of the secondary current distribution

Governing equation
Secondary , .
Current Distribution h=-00, Vi =0
Nl = lorar
Electrode Surface . _ ,
ltota_l - lloc,m
m
Electrolyte Potential D1 = Dibna
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Table 2 Parameters for simulation runs

Parameter Value Description
o1 0.02 S/m Soil conductivity
Eeq s 071V Equilibrium potential of carbon

steel (vs. CSE")
Exchange current density of
carbon steel

io cs 931e* A/m’

Tapp 0.025 A Applied total current

*CSE: Copper-Copper Sulfate Electrode (Cu/CuSOs)
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Fig. 4 Electrolytic potential distribution on buried pipes (applied current: 0.025 A).
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Fig. 5 Electrolytic potential distribution on earth surface; (a) 3D plot, (b) 2D plot.
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Fig. 6 Geometric design for detecting defect locations on buried pipes.
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Fig. 8 Electrolytic potential distribution on a plane of incidence; (a) 2D plot, (b) 1D plot.
ARUEE Fig 119 2%y HE0) gho Agstglon], o= AN A3} o 0.69 mPo|th
Fig. 10b] A3 AFERE g2 0.27 A/m*o]c}. A J——
TR 228 AR GRS BUY 2T oty = S2 = ol

o] A g4 (integration) & AFESle] mE3} 0, A5

AxE AFES 0.018 Aolth Fig. 10b2] ¢x)¢) =

A WS ol o] AAA o7 AASH A} ok 0.74 m?
2

Slakgiet. Fig. 10c8] A WAL 2 4

298

2.7 S5 J|Enet Wit
AA7HA o] A2 RE Axd A doleE BT & uj
W A AAE A5 5 S 3D FHAEHE T

CORROSION SCIENCE AND TECHNOLOGY Vol.17, No.6, 2018



TECHNOLOGY FOR THE DETECTION OF CORROSION DEFECTS IN BURIED PIPES OF NUCLEAR POWER PLANTS WITH 3D FEM

Surface: Electrelyte

real defect

b ©
Fig. 10 Comparison between locations of a real defect and expected defect after modeling; (a) Electrolytic potential of earth surface
and buried pipes, (b) Comparison of defect locations (right), (c) Comparison of defect locations (left).
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Line Graph: Electrolyte current density magnitude (A/m?)
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