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The management process for buried pipelines typically follows a sequence that includes pre-assessment,
indirect inspection, direct inspection, and post-assessment. One widely used method for detecting coating
defects during the indirect inspection phase is Direct Current Voltage Gradient (DCVG). This method mea-
sures the potential gradient created when current flows through areas with damaged coatings. While
DCVG is highly accurate for detecting defects in single pipelines, such as gas or oil pipelines, its effec-
tiveness diminishes in situations where pipelines cross or are layered. In this study, we analyzed the DCVG
signals and potential gradient trends in scenarios involving multiple defects in either single or crossed
pipelines, utilizing 3D modeling techniques. We first validated the reliability of our 3D model by com-
paring the measured values from a mock-up test site with actual buried pipelines against the modeled val-
ues. Subsequently, we assessed the model's reliability and examined the potential gradient distribution
based on defect locations, particularly in cases involving crossed pipelines.

Keywords: Buried pipe, Cathodic protection, Potential gradient, DCVG (Direct Current Voltage Gradient),
3D Modeling
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Table 1. Governing equation for 3D modeling using a secondary current distribution

Equation
S Vi, = Qi = -0, Vg,
Secondary Current Distribution ] )
V- Iy = Qs’ Iy = _O-sv¢s
Electrolyte potential 6= ) pd
Electrode Surface neip =

= Liotal tiotal T leac,m
m

Electrode Reaction

n= Ect_Eeq’Ect = ¢s,ext_¢l

Key: i,=Current density in liquid, 7, =Current density in solid, 7, =Local current density, i,,,=Total current density, O,=Total charge in liquid,
O, =Total charge in solid, o; =Conductivity of liquid, o, =Conductivity of solid, @ = Potential of liquid, ¢ = Potential on solid, ¢, =
Boundary electrolyte potential, @, , = External electric potential, 77 = Over potential, E, = Electrode potential, E,, = Equilibrium potential

Table 2. Parameter for modeling

Parameter Name Value
Sigma Electrolyte conductivity 0.004 S/m
E rotection_cs V8- ref Carbon steel potential vs. reference -4.5 V(CSE)
E., CS Equilibrium potential of carbon steel -0.56 V(CSE)
i, CS Exchange current density of carbon steel 3.09E-7 A/cm?
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Fig. 7. The geometry of cross pipe modeling; (a) over view, (b) detail view
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