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Abstract

An analysis of the high voltage induction effect on the impressed current cathodic protection
(ICCP) system on pipelines parallel toward high voltage power lines was employed in this research.
Mitigation of high voltage effect throught human and environment is necessary to implemented. Direct
current induction was used to increase the electrical potential of the gas pipeline, from Klumpang
to sicanang area, Indonesia. During the mitigation process, the highest induction value was obtained
0.00574 KV which is previously was 0.01732 KV, and occurred at the limit of the allowable secure touch
tension value of 0.015 KV. The data that acquire from the measurement of test point of ICCP underneath
the transmission line revealed a comparison data between field measurements occurred of mitigation
process. The direct current induction method is found to be safe for ICCP system and environment.
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1. Introduction

The presence of an electric transmission line parallel to the gas pipelines that induces
an induced voltage in the gas pipeline affects the cathodic protection system of a gas pipe using
direct current to increase the potential value of the pipe to the ground [1, 2]. In addition,
the induced voltage will harm the operator and the residents around the location [3, 4].
The induction electric field caused by current flow potential interruption in the pipeline cathodic
protection system which controls the rate of corrosion on the pipe [5-8]. Numerous research has
been conducted regarding the interference of electric induce phenomena which is affected
the ICCP system that applied in protecting the pipe line [9-12]. During the functioning of
transmission line in a normal condition, three overhead line phases generally balance each
other and pointedly decrease the electric field which is close to the pipeline and vyield
the electromagnetic fields, and when pipeline is placed in a time-varying magnetic field
the inductive coupling ascends [13, 14].

A potential divider that utilized both to the transmission line and to earth position is by
functioning the capacitive coupling due to only affected the pipe line above ground position [15].
In addition, the pipe line installation buried under the ground is protected from capacitive
coupling [16]. The resistive coupling occurred at the transmission line and a pipeline when
the levels of current flow into the earth during ground faults. The lightning storm also can be
a circumstantial indication interference of impressed current cathodic protection (ICCP) systems
being damaged caused by lightning storms, this possibly caused the damage of the pipeline
coating as depicted in Figure 1 [17]. The others objective of that become a concern regarding
safety and protection under the high voltage transmission to the operator that work on the pipe
line checking, is electric shock. The allowable power system frequency fault current is typically
between 300 V and 1500 V [18].

In general, AC current density is the main source for AC corrosion, since even
the highest quality coating has deficiencies, countenancing for an exchange of current between
the metal pipeline and the adjacent soil. Currently, special research effort was prearranged to
the corrosion affected by alternating currents. Formerly, AC corrosion occurrence was
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considered insignificant compared to DC interference. Conversely, numerous research
works have been proved the contrary result. In this research, the interference effect and
the performance of mitigation system is undergo using field data collection by measuring
potential chatodic protection at six test station, the measurement result hence compare to
the mitigation process to obtain comparison data of AC voltage secure touch tension on
the pipeline with cathodic protection system.
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Figure 1. Interference of electric induce phenomena [17]

2. Research Method
2.1. Cathodic Protection System

The cathodic protection system was used in humerous practical of corrosion effect that
occurred at the metal surface, mostly the pipeline corrosion protection application was using
the installation system with sacrificial anode cathodic protection (SACP) [19, 20]. This system
was installed by attaching the material with higher electrochemical series, such as Zinc,
magnesium, and aluminum are applied as anode material in SACP system. The drawback of
this protection model is not appropriate applied at the higher resistivity area and also for large
diameter of pipeline the set up picture shown in Figure 2, the detail process on sacrificial anode
method. Due to the disadvantage of SACP system in some protection system the researcher
preferred to applied impressed current cathodic protection (ICCP).
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Figure 2. Sacrificial anode cathodic protection (SACP) [20]

2.2. Impressed Current Cathodic Protection

The ICCP system was conducted by several researchers in term of pipe line protection
due to the voltage and current that can be varied to target the specific conditions. The European
Standard EN 12954 have been specified [5, 21] the standard for buried pipe lines installation
with voltage required 0.85 V copper-copper sulphate electrode. The ICCP comprises of
A DC source as the input to the pipeline protection system, the auxiliary electrode act as
anode and the pipeline act as cathode [22, 23]. The AC transformer use to alternate the voltage
to a variable DC output. The integrated protection system was conducted to ensure
the protected pipeline poses at a constant DC condition with respect to the surrounding area as
shown in Figure 3.
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Figure 3. Impressed current cathodic protection (ICCP) [22]

3. Experimental
3.1. AC Voltage Measurement on Gas Pipeline

The pipeline was a section of a transmission of natural gas main line own by PT
Perusahaan Gas Negara (Persero). The external diameter was 16 inch. The entire pipeline
surface was coated with fused bonded epoxy primer and three-layer extruded polyethylene.
Heat-shrinkable polyethylene-compatible sleeves covered every girth weld (applied in the field)
while a coal tar polyurethane coating was used for the valves. The pipe line was employed
a cathodic current protection system (ICCP), parallel to High Voltage Power Transmission
from Sicanang-Belawan area with 150 KV Power Plant as depicted in Figure 4, this area is
the experimental area of study. Measurements of the AC power voltage values on the pipes are
carried out at the cathodic protection station test that spread across five point's pipelines, as
well as the first point of measurement on the transformer rectifier that transmits the DC current
to the pipeline location along 12.3 km the measurement point shown in Figure 5.
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Figure 5. Measurement point of cathodic protection system
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3.2. Experimetal Set Up of Pipeline Mitigation Process

In this section the mitigation step was conducted with installation depicted in Figure 6.
This cathodic protection consists of transformer rectifier and two junction box with different
component used and also different material anode. The first junction box equipped by variable
resistor and MMO material as anode, the second junction box only utilize as grounding jumper
and using Magnesium as anode which is connected directly to the pipeline.

The equivalent variation in the DC potential of the pipe was observed and measured by
using a multi-meter at the test station. Earlier study on steady state analysis of the induced
voltage commonly occurred at voltage range between 0 and 50 V [24]. The rectifier transformer
in this experimental setup employed as a cathodic protection system. However, the AC source
acts as the inductive coupling of transmission line along the pipeline area. This study compares
the revealed data which is measure in two different states to observe the gap data that obtain
during the measurement before and after mitigation work.
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Figure 6. Experimental setup of mitigation process

4. Results and Analysis
4.1. AC Voltage Measurement Results on Gas Pipeline Before Mitigation

The voltage measurement results of 5 test point station are shown in Figure 7. It shows
the various level of AC voltage which is measured at different test point before the mitigation
step, at the TP 15A the voltage was 0.00648KV, TP 16 A 0.0138 KV, TP 17 A 0.01732 KV,
TP 18 A 0.01177 KV, and TP 19 A 0.0042 KV. Based on the measurement result revealed
the pipeline protection system was indicated the critical condtion might be caused danger
circumstances under the transmission line dueto AC voltage induce. The most highest point was
measured at TP 17A this test point revealed 0.01732 KV, which is beyond the secure touch
tension on the pipeline which is the minimum level was 15 V (0.015 KV) according to Standard
Practice Mitigation of Alternating Current and Lightning Effects on Metallic Structures and
Corrosion Control Systems [25].

4.2. AC Voltage Measurement Results on Gas Pipeline after Mitigation

The measurement result depicted in Figure 8 was conducted at the same test
station, the measurement applied after the mitigation process, at the TP 15A the voltage was
0.00229 KV, TP 16 A 0.00574 KV, TP 17 A 0.00561 KV, TP 18 A 0.00201 KV, and TP 19 A
0.00359 KV. The mitigation process that was conducted on pipeline installation shown
the decrement value of AC measurement after the mitigation process, as shown in the graph
in Figure 8. Most of test point result measurement that was employed at the same point
revelaed significant value of measurement under the permissible voltage namely 15 V,
that was standardize by NACE as International professional organization for the corrosion
control industry [26].
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Figure 8. AC voltage measurement results on gas pipeline after mitigation

5. Conclusion

The existence of a power transmission line parallel to the gas pipeline that causes
induced voltage in the gas pipeline will interrupt the cathodic protection system on the gas
pipeline which uses a AC source in increasing the potential value of the pipe to the soail.
In addition, the induction voltage will endanger the worker and residents around the pipeline
location. The mitigation process was done to maintain the reliability of the cathodic protection
system in gas pipelines, so that the system can still function properly in an electric field under
induction environment.

Acknowledgements
The authors would like to thank Universitas Muhammadiyah Sumatera Utara and
Universitas Malikussaleh for the laboratory equipment.

TELKOMNIKA Vol. 17, No. 6, December 2019: 3226-3231



TELKOMNIKA ISSN: 1693-6930 m 3231

References

[1] Touhami O, Ibtiouen R. Diagnosis of the AC current densities effect on the cathodic protection
performance of the steel x70 for a buried pipeline due to electromagnetic interference caused by
HVPTL. Progress In Electromagnetics Research. 2016; 45: 63-171.

[2] Abdel-Gawad NM, El Dein AZ, Magdy M. Mitigation of induced voltages and AC corrosion effects on
buried gas pipeline near to OHTL under normal and fault conditions. Electric Power Systems
Research. 2015; 127: 297-306.

[3] Dijekidel R, et al. Passive mitigation for magnetic coupling between HV power line and aerial pipeline
using PSO algorithms optimization. Electric Power Systems Research. 2018; 165: 18-26.

[4] Mishra SK, Swain SC, Tripathy L. Fault Detection & Classification in UPFC Integrated Transmission
Line Using DWT. International Journal of Power Electronics and Drive Systems (IJPEDS). 2017; 8(4):
1793-1803.

[5] Brenna A, et al. Cathodic protection condition in the presence of AC interference. La Metallurgia
Italiana. 2014; 6: 29-34.

[6] Chen X, Zhao Y. Research on Corrosion Protection of Buried Steel Pipeline. Engineering. 2017;
9(05): 504.

[7] Islami N, et al. Stress corrosion damage on austenitic stainless steel in sodium chloride. International
Journal of Automotive & Mechanical Engineering. 2017; 14(1): 3824-3836.

[8] Wang L, et al. Combined effect of alternating current interference and cathodic protection on pitting
corrosion and stress corrosion cracking behavior of X70 pipeline steel in near-neutral pH
environment. Materials. 2018; 11(4): 465.

[9] Micu DD, Christoforidis GC, Czumbil L. AC interference on pipelines due to double circuit power
lines: A detailed study. Electric Power Systems Research. 2013; 103: 1-8.

[10] Ouadah Mh, et al. Method for diagnosis of the effect of AC on the X70 pipeline due to an inductive
coupling caused by HVPL. IET Science, Measurement & Technology. 2017; 11(6): 766-772.

[11] Narozny M, Zakowski K, Darowicki K. Method of sacrificial anode transistor-driving in cathodic
protection system. Corrosion Science. 2014; 88: 275-279.

[12] Al Shahri AS, Nair NKC. Mitigation system for protecting buried pipeline located close to HV
OHTL/power cable. 2016 IEEE International Conference on Power System Technology
(POWERCON). 2016: 1-6. IEEE.

[13] Cotton I, Kopsidas K, Zhang Y. Comparison of transient and power frequency-induced voltages on a
pipeline parallel to an overhead transmission line. IEEE transactions on power delivery. 2007; 22(3):
1706-1714.

[14] Qin R, et al. High Voltage Direct Current interference on buried pipelines: Case study and mitigation
design. CORROSION 2017 - NACE International. 2017.

[15] Al-Badi A, Salam M. Computation of the capacitive coupling in conductors installed nearby AC power
lines. Transmission & Distribution Conference and Exposition: Latin America. 2006. TDC'06.
IEEE/PES. 2006: 1-4. IEEE.

[16] Kopsidas K, Cotton I. Induced voltages on long aerial and buried pipelines due to transmission line
transients. IEEE Transactions on Power Delivery. 2008; 23(3): 1535-1543.

[17] Shwehdi M, Johar U. Transmission line EMF interference with buried pipeline: Essential and
cautions. Proceedings of international conference on non-ionizing at UNITEN (ICNIR 2003). 2003.

[18] Kouteynikoff P. Results of an international survey of the rules limiting interference coupled into
metallic pipelines by high voltage power systems. Electra. 1987; 110(5): 55.

[19] Popov BN, Lee JW. Cathodic protection of pipelines. In: Handbook of Environmental Degradation of
Materials. Third Edition. Elsevier. 2018: 509-532.

[20] Law DW, Nicholls P, Christodoulou C. Residual protection of steel following suspension of Impressed
Current Cathodic Protection system on a wharf structure. Construction and Building Materials. 2019;
210: 48-55.

[21] Shabangu T, et al. Influence of AC interference on the cathodic protection potentials of pipelines:
Towards a comprehensive picture. IEEE AFRICON 2017. 2017: 597-602. IEEE.

[22] Lindau T, Becken M. Using impressed current cathodic protection systems of pipelines for
electromagnetic exploration. Geophysics. 2018; 83(4): B155-B165.

[23] Khan MS, et al. Efficiency and Cost Analysis of Power Sources in Impressed Current Cathodic
Protection System for Corrosion Prevention in Buried Pipelines of Balochistan, Pakistan. 10P
Conference Series: Materials Science and Engineering. 2018; 414(1). IOP Publishing.

[24] Shabangu TH, et al. Stability Assessment of Pipeline Cathodic Protection Potentials under the
Influence of AC Interference. Progress In Electromagnetics Research. 2018; 66: 19-28.

[25] Babaghayou F, Zegnini B, Seghier T. Numerical Study And Remediation Of Ac Interference
Corrosion On Neighbouring Pipelines. Journal of Engineering Science and Technology. 2018; 13(7):
2047-2064.

[26] SP, N. Standard practice mitigation of alternating current and lighting effects on metallic structures
and corrosion control systems. NACE International, USA. 2007.

Mitigation of high voltage induction effect on ICCP system of gas pipelines... (Rohana Ismail)



