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interference on pipelines is to ground the pipe at its end(s) or
some points along the parallel route with the line. These
strategies are referred to as grounding conditions and prior
works in the literature have analyzed a number of these conditions
for metal pipelines. However, in this study, it was discovered that
the length of the parallel route can have an impact on the
effectiveness of the grounding conditions. Thus, this effect was
investigated using a real-life AC power line to pipeline
interference problem. Additionally, for each grounding
conditions, not only was the impact of the length of the parallel
route examined but also the effectiveness of four
dissimilar/different pipe coatings investigated. The AC power line
to pipeline interference problem was formulated utilizing the
notion of mutual impedance between two circuits. For each of the
grounding conditions, it was discovered that the induced potential
on the pipe varied substantially with variations in this length.
Also, under these conditions, the effectiveness of some coatings in
reducing the induced potential was discussed. In some of the
coatings, AC potential of less than 50 V was observed on the pipe
while in some cases, extremely high potential in the order of kV
was observed depending on grounding condition and the exposed
length considered.

© 2021 RJEES. All rights reserved.

1. INTRODUCTION

Globally, AC power line interference on pipelines is typically regarded as a major concern for pipeline
owners. Amongst other issues, the problem is closely linked to the safety of operational personnel (Pham et
al., 2003), the associated cost of corrosion (Qabazard and Elhirbawy, 2006) and pollution of the environment
(Nassereddine et al., 2015; Grigsby, 2018; Ponnle and Adedeji, 2015). In situations where metal pipes are
in parallel proximity to AC power lines, a considerable amount of voltage may be induced on the pipe amid
steady state and fault conditions of the lines. In the event of fault occurrence on the line, potentials of
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extremely high magnitude may be induced on the pipe. Consequently, the induced potential may damage the
materials of the pipe and is also dangerous to working personnel. An additional concern is the cost of
maintaining and repairing the corroded pipes. The effect of the impressed potential in facilitating the
corrosion process of pipes has been extensively investigated (Wen et al., 2015; Guo et al., 2017; Ouvadah et
al., 2017a; 2017b; Wang et al., 2018; Adedeji et al., 2018).

Using electromagnetic field theory, when an AC line conductor is energized, a time-varying electromagnetic
(EM) field (with electric E and magnetic H field components) is produced. The EM field causes voltage
induction on the pipe in accordance with Equation (1).

_d¢ _
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Where, e is the induced potential, ¢ and B denote the magnetic flux and flux density generated by the fields,
while s represents the area of enclosed loop initiated by the field. Conventionally, for underground pipes,
the E component of the field is considered insignificant. This is because of the screened effect of the ground
towards E-fields. Therefore, a major concern for underground and above-ground pipes is the H component
of the field. In view of this, countless studies were carried out to assess the impact of these fields on
underground and above-ground pipes (Abdel-Gawad et al., 2015; Ponnle et al., 2015; 2017; Wu et al., 2017,
Lucca, 2019; Popoli et al., 2019; 2020; Al-Gabalawy et al., 2020). The most fascinating thing is that Ponnle
et al. (2015) discovered the horizontal H-field part promotes the induction when considering underground
pipes. Therefore, reducing the induced potential on the pipe is crucial for safety and safeguarding of pipe
materials.

Years back, discussions were made about lessening the impact of AC potential on metal pipes with diverse
AC mitigation methodologies proposed (Southey e al., 1994; Tachick, 2001; Markovic et al., 2005).
Preliminary proposals to curtailing the impact of AC interference on metal pipes varied from the application
of zinc ribbon, AC decoupling devices, ground control mats, special backfill, gradient control wires, and
Faraday cage (Southey et al., 1994; Tachick, 2001; Markovic et al., 2005). Surprisingly, these methodologies
have not been able to effectively mitigate AC interference (Gregoor et al., 2001; Shwehdi and Al-qahtani,
2010). In some other research works (NACE, 2014; Adedeji, 2016; Adedeji et al., 2017; MATCOR, 2019),
it has been reported that the use of a lumped grounding system where metal pipes are grounded at its ends
or points along the route with the power line will significantly minimize the level of the AC potential. Thus,
among these mitigation systems, the lumped grounding system provides better protection to pipes during
steady-state or fault conditions from nearby AC power lines (MATCOR, 2019). Therefore, a pipe can be
grounded from a point x=0 to x=L along its length as shown in Figure 1.

<«——— Power line g

Figure 1: Lumped g?ounding for AC potential mi_tigation (Tleis, 2008)

Exploiting one or a hybrid of those systems will be an improved or alternative way to minimize the level of
AC potentials on the pipe albeit with significant implementation cost. To this end, Adedeji et al. (2017),
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verified the several categories of the lumped grounding conditions to indicate the most effective ones in
reducing AC potential level without taking the effect of the pipe exposed length into considerations.
However, it is postulated in this work that when taking the pipe’s exposed length into consideration, the
effectiveness of the grounding conditions can be scrutinized. The pipe’s exposed length in this context refers
to the length of the parallel route with the power line. Thus, the influence of this key parameter on the
grounding conditions is presented in this paper. Furthermore, the performance considering four dissimilar
pipe coatings was evaluated. The coatings considered are bitumen (BT), polyurethane (PU), polyethylene
(PE), and fusion bonded epoxy (FBE).

2. METHODOLOGY

2.1. AC Power Line-Pipeline Interference Model

In the problem formulation, the notion of mutual impedance between two circuits was adopted considering
a balanced system (Ouadah, and Zergoug, 2014). Figure 2 shows the description of the power line-pipeline

interference considered.

Two bundles conductors

|_1035m ;. 9.20m | |e_1035m ;. 9.20m |
I

19.8 m

Buried Pipe p
Figure 2: The studied power line-pipeline interference problem

As may be observed, the two lines are horizontal single-circuit lines with two bundle conductors. The pipe
considered is an underground type with a burial depth of A, which spans parallel to the power line. In the
model formulation, the reciprocal effect of the earth wires on each other is considered insignificant. In the
two power lines system shown in Figure 2, each of these lines produces an inductive coupling effect on the
pipe. Therefore, the total induced potential (E,i,.) may be evaluated as:

E,. = Z E. i€ (L., N) @

Where, Er.; denotes the induced potential due to the i power line and N is the total number of the power
lines considered. If A, B, C represent the notation of the line’s phase conductors, the induced potential on the

pipe considering the effect of an i power line is given as:

ET—i = IA—iZA—ip + IB—iZB—ip + IC—iZC—ip _Z ng—ing,,-p (3)
k=1
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In Equation (3), I, Ip.i, Ic.i and I represent the steady-state phase conductor currents and the earth wire
currents, while mutual impedances (€2/m) between these conductors, the earth wire and the pipe are
represented by Za.ip, Zp-ip, Zc-ip, Zgk-ip- The Ia,, Ip.i,, Ic.i alternates at a phase angle of 120°, 0°, -120°. Also, n
is used to represent the number of earth wires. If the potential (Eg) and current I across the earth wire is
estimated as:

1
+ IW—iZW—igk + IB—iZB—igk > ng = 7 (IR—iZR—igk + IW—iZW—igk + IB—iZB—igk )(4)
ggk—i

E,=1I,Z

R—i“ R-igk

The potential on the pipe considering the effect of an i’ power line is given as:

n n

Z.. 7 7 7
E. =1, ZA—ip_zM +1, ZB_ip—ZM

k=1 88k-i k=1 88k-i
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The k™ earth wire self-impedance Zyg; of the i™ power line is expressed as:
V3 . 1 A,

Zoo, = fﬂ% +R, | i Z+10ge R (©6)

GM_;

Where, fand uo denote the power line frequency of operation and the free space permeability respectively.
Rgi-i and R are the k™ earth wire AC resistance and its geometric mean radius. The mutual impedance
linking two circuits (for instance 7 and pipe p) is evaluated as:

V4 _ A .
Z‘r—i_p:%_'_] (f,uo)loge{Df } ,7—-ie{AB,C, g} (7)

T—i—p

In Equation (7), the geometric mean distance (GMD) associating 7—ie {A,B,C,g,} and the pipe is

represented by D...,. From Equation (7) as well, the earth’s skin depth A, is determined using the earth
relative permittivity (u,) and the soil resistivity (p) as:

A= L=, ®)
uf

The relative permeability for soils ranges from 1.00001 to 1.14 (Scott, 1996). In Equation (7), it is also
possible to estimate the GMD associating 7—ie {A,B,C, g,} and the pipe using Equation (9).

1

D, ={(xp —x,_i)2 +(y,_,- - y,,)z}2 ,T—1€ {A, B,C, gk} 9)
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In Equation (9), x, is used to represents the location of the pipe across the power line while y, denotes the
depth from ground to the centre of the pipe. Usually, in the estimation of y,, the pipe radius r,, pipe coating
thickness f., and the %, are used as y,=h,+r,+t.. Likewise, in Equation (9), x..; denotes the horizontal location

for 7—ie {A, B.C,g, } while y..; is used to denote their vertical location.

The expressions in Equation (5) permits the appraisal of the longitudinal induced EMF (V/m) on a pipe
parallel to a power line. Nonetheless, if a pipe is modelled as a lossy transmission line with series impedance
Z, shunt admittance Y, and a potential source respectively, it is possible to estimate the induced potential
(V) at points along the parallel route as illustrated in Figure 3. This potential is usually regarded as the pipe-
to-soil potential.

Zdx E(x)dx

I+dl
EndA _ ,_|_,® c '“ EndB
Zy v Ydx v+av ||z,
x=0 < > x=L
| dx N
= T |

Figure 3: An equivalent circuit of power line-pipeline inductive coupling
By resolving the conventional power lines differential equations associating E, V, and I respectively, the

potential through the pipe incremental length dx may be evaluated. Consequently, at a point x through the
pipe, the induced potential (V) may be estimated using Equation (10) (Adedeji, 2016; Adedeji et al., 2017).

10)

E . {223% (z2,-2,)-2,(2, +Zo)ey(L_X)}_{Zle_y(L_X) (2,-2,)-2,(Z,+ Zo)eyx}
V(=" ; -
Y (Z2,+2,)(2,+2,)" =(2,-2,)(2,- Z,) e

In Equation (10), Z; and Z; are the impedances at x=0 and x=L while y is the pipe propagation constant and
L is the pipe exposed length along the parallel route. The characteristic impedance Zy of the pipe and its
propagation constant is given as:

Z, :(%J and  y=(2Y,) an

In Figure 3, the traditional expression for Z; (€/m) and Y, (€!/m) considering a buried coated pipe (CIGRE,
1995) is given as:

1 orfy, .| 1 1 3.7 P
Z =——I(x + + V4 + In| — [——
; 27rrp( fp”ﬂ"ﬂ”) PR 27rrp( fp”ﬂ"””) tf H[ZVP \/27Zf,u0

2rr, 2¢e,e.7r
Y, =—>*+j|2nf| ——F
pL‘tC tL‘

o=

12)
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In Equation (12), both u, and p, denote the pipe material relative permeability and resistivity, p. and & are
the coating resistivity and relative permittivity, while & represents the permittivity of free space. The
equations described above allow the examination of the impact of the varying pipe exposed length on the
level of the induced potential through the pipe considering the grounding conditions and pipe coatings. In
this work, the following categories of the lumped pipe grounding conditions were considered (Adedeji, 2016;
Adedeji et al., 2017):

(a) Category (i): When the pipe extends for some kilometres beyond points x=0 and x=L; thus
Z,=>27Z,=Z,.

(b) Category (ii): When the pipe is isolated at x=L with an insulating flange and continues at x=0; thus
2, =772, = .
(c) Category (iii): The pipeline continues beyond x=L and grounded at x=0; thus Z, = 0;Z, = Z,.

(d) Category (iv): The pipe is isolated at x=0 and x=L with an insulating flange; thus Z, = Z, = oo .

The evaluations and analysis were conducted using MATLAB.
2.2. The AC Power Line-Pipeline Data

Table 1 and Table 2 illustrate the data relating to the power line-pipeline interference problem considered.
Along the power line, the pipe is located 24 m away which is equivalent to Eskom’s power line servitude for
275 kV-400 kV lines in South Africa (Eskom, 2015). Additionally, measurements conducted around the
power line-pipeline site revealed that the neighbouring soil can be presumed to be homogeneous with a
resistivity of 12.96 Qm.

Table 1: The power line data

Parameter Value

Operating voltage 275 kV

Maximum allowable current at 275 kV 410 A per conductor
Diameter of the earth wire 13.48 mm

Earth wire resistivity 45%x 10 Qm

AC resistance of the earth wire 3.44x 103 Q/m

Table 2: The pipeline data.

Parameter Value
Pipe radius 500 mm
Burial depth 1m

Pipe coating resistance 4 mm
Resistivity of the neighbouring soil 12.96 Qm

3. RESULTS AND DISCUSSION

Figure 4 illustrates the pipe-to-soil potential outline for the first category of the pipe grounding conditions
considered for a varying pipe exposed length L from 0.5 km to 10 km. Also demonstrated is the impact of
the coatings for each condition as stated in the previous sections. In Figure 5 the pipe-to-soil potential outline
for the second category of the pipe grounding conditions considered for a varying pipe exposed length L
from 0.5 km to 10 km is demonstrated. Figure 6 shows the pipe-to-soil potential outline for conditions (iii)
considered for a varying pipe exposed length L from 0.5 km to 10 km is demonstrated while Figure 7
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illustrates the pipe-to-soil potential outline for the fourth category of the pipe grounding conditions
considered.
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In Figure 4, it was discovered that increasing the exposed length increases the induced potential level.
Moreover, when the impact of the coatings on this grounding category is considered, an important
information is observed. For this grounding category, some of the coatings perform an excellent job on the
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potential level. At first, the response of all the coatings considered is quite similar, that is, the potential
increases for all the coatings with no remarkable changes spotted for lower exposed lengths. However, with
higher exposed length, a remarkable change in potential level among the coatings is noticed as may be
observed in Figure 4(c) and Figure 4(d). This confirms that the performance of the PE and PU coatings is
better than those of BT and FBE coatings under this condition. This is one of the reasons why a good coating
type is important when selecting a pipe grounding category for minimizing the potential level.

Considering Figure 5, a relatively low induced potential level is noticed for values of L in contrast to the
grounding category (i). As far as the coating is concerned, only PE and PU coatings are observed to produce
good results for lower values of L such as 0.5 and 1 km. Notwithstanding, when higher values of L such as
5 and 10 km are considered, the shape of the induced potential level for the four coatings considered is quite
similar as may be noticed in Figure 5(c) and Figure 5(d). In this case, the performance of both FBE and BT
coatings is okay up to about 1000 m along the pipe length. A distance above this indicates good performance
of both PU and PE coatings with lower values of induced potential.

Considering the results for the grounding category (iii) as illustrated in Figure 6, it is discovered that
increasing the exposed length raises the induced potential level. For certain values of L, the potential level
for grounding category (iii) is comparatively lower than those in category (i). As far as the coating is
concerned, the potential level along the pipe length is nearly the same for the four coatings when considering
value of L>1 km. Above this, the performance of both PU and PE coatings is good for distances up to about
300 m as shown in Figure 6(c). Notwithstanding, when distances from 300 m to 1000 m along the pipe length
was considered, only BT coating was observed to provide a reduced level of the induced potential. Above
these, FBE coating has a superior performance. Considering Figure 6(d), it may be observed that both the
PU and PE coatings have superior performance throughout the distance along the pipe length.

In Figure 7 which illustrates the pipe-to-soil potential outline for the grounding conditions (iv), and in
contrast to the results presented in Figure 6 (a) and Figure 6(b) for grounding category (iii), a comparatively
low AC potential level (between 10 to 50 V) is noticed for 0.5 km and 1 km values of the exposed length.
Considering the coating performance, both FBE and BT coatings give a reduced level of AC potential
(between 8 V to about 17 V) up to some distances along the length of the pipe. Nevertheless, at values of L
above 1 km, extremely high AC potential (in the order of kV) is noticed on the pipe as may be seen in Figure
7(c) and Figure 7(d). Also, in Figure 7(d), the profile of the induced potential level for the four coatings is
quite similar. As may be noticed in both Figure 7(c) and Figure 7(d), the simulation results revealed that
FBE coating (Figure 7(c)) and BT coating (Figure 7(d)) gives extremely high induced potentials at some
distances along the pipe (in the order of kV) for grounding category (iv). Therefore, both FBE and BT
coatings should not be used on a pipe with grounding category (iv) for values of L above 1 km. It is important
to mention that the results presented is in tandem with those presented by Chen et al. (2018) which indicates
that the induced potential on the pipe increases with the pipe exposure length for AC rail lines. In the current
study, investigations on the impact of this parameter on the pipe grounding conditions and coatings was
further analyzed and discussed in this paper.

4. CONCLUSION

Installing pipelines in the same route with power lines is increasingly common howbeit with the associated
problem of AC interference. Nonetheless, a feasible approach to minimizing the level of the induced
potential is to ground the pipe at its end(s) or some points along the parallel route with the line. However, in
this study, it was discovered that taking the exposed length of the pipe into consideration has an impact on
the way in which the pipe can be grounded. Thus, this effect was investigated using a real-life AC power
line to pipeline interference problem. In addition to this, the effectiveness of four dissimilar pipe coatings
under this effect was discussed. The results presented revealed the significance of the exposed length and
the coating types when considering pipe grounding methodologies for AC potential reduction. The AC
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potential on the pipe varies substantially with variations in the exposed length for the grounding categories
considered. Also, under these conditions, the effectiveness of some coatings in minimizing the AC potential
level is better. The results also revealed that for exposed length above 1 km, lumped grounding category (iv)
should not be applied.
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