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Abstract:

Cathodic protection (CP) is the most effective method for protecting
petroleum facilities against corrosion. As part of this protection, care should
be taken to continuously evaluate the existing system in order to maintain
the system in favorable conditions. The subject of the paper’s research is an
oil plant for the transportation of oil derivatives located at the Brega
company in Tobruk, Libya. In the present work, a case study on how to
evaluate the CP system for an existing company for petroleum
transportation is considered. The procedure was planned in three steps. The
first step is a historical survey of the CP system from when the company
started. The second was a diagnostic analysis study of the problem and how
to fix it along the system. The third is the conclusions and recommendations
regarding the measures for evaluating the CP system without stopping
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1. INTRODUCTION

Cathodic protection (CP) is the technique of
causing a metal that would typically behave as an
anode and corrode to behave as a cathode and be
shielded from corrosive attack [1,2]. In essence,
CP involves fabricating a large corrosion cell to
subdue the smaller ones or anticipating the anode
in the corrosion cell. This is accomplished in
cathodic protection in one of two main ways. First,
a more active metal can be chosen and added to
the electrolyte by employing the galvanic series to
create a metallic pathway. The term “galvanic
cathodic protection” or “sacrificial cathodic
protection” refers to this technique [3,4]. Installed
as a self-sacrificing metal (anode) that is more
galvanically active to safeguard the structure
(cathode). The potential difference between the
two distinct types of metal is the single factor
influencing the voltage and, consequently, the
current. Using a source of DC to compel current to
flow from installed anode(s) to the structure, the
second fundamental approach of cathodic

protection turns the entire structure into a
cathode.

This CP technique is referred to as impressed
current cathodic protection. The amount of
current required for cathodic protection depends
on the surroundings and the metal that must be
shielded. Galvanic series considerations do not
affect anode material selection; economical
anodes or metals with a negligible weight loss per
ampere year of current are selected. The circuit
contains a rectifier, solar cell, battery, generator,
or other DC power supply installed [5].

Pyrophore tic coatings and cathodic protection
(CP) shield pipes against external corrosion [6].
Although the coating offers the initial protection
barrier, CP acts as a fallback to stop corrosion
attacks at coating flaws like pinholes and holidays
or disbandment of the undercoating [7-11]. On
the other hand, a lot of research has been done
on pipeline corrosion and corrosion-induced
cracking [12,13]. CP current can be fully or
partially shielded to reach the disbanding fissure
when coating disbands at minor imperfections
such as pinholes or vacations, especially at the
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bottom of the aperture. As a result, the region
was left exposed to corrosive environments
without any CP protection. This is known as “CP
shielding.”

Disbandment of a flawless coating due to
insufficient coating application technique or
coating adherence to the steel substrate lost
throughout service is another real-world scenario
that results in CP shielding. For instance, spirally-
wrapped tape coverings may be disbanded over
pipeline welds. In this case, the coating property is
responsible for the CP shielding [14]. Research
[15] shows that up to 85% of all external pipeline
corrosion has been linked to dissolved CP
shielding coatings. Non-shielding coatings allow
CP current to pass through the ceramic layer and
onto the steel substrate [16].

Applying cathodic protection and the
protective coating simultaneously preserves the
pipeline’s integrity [17,18]. Specifically, cathodic
protection is frequently used to prevent the
corrosive effects of practically all aquatic fluids
acting as electrolytes and metal structures
immersed in soil [19].

Altering CP systems, using materials that are
more expensive than standard C-Mn steels, and
applying relatively low operating temperatures
and pressure levels may be essential to reducing
pipeline failures [20].

Moreover, coating improvements may be
necessary, particularly in bonding [21]. One
important consideration may be the development
of suitable corrosion inhibitors to which primers
and coatings can be applied [22].

The overall lifetime of well-designed CP
systems and services can be extended [23].
However, results from the field indicate that poor
management of oil companies is associated with
CP system maintenance practices that lead to
reduced operational capacity.

2. MATERIAL AND METHODS

The subject of the paper’s research is an oil
plant for the transportation of oil derivatives
located at the Brega company in Tobruk, Libya.
This facility’s cathodic protection system s
damaged, causing corrosion issues. Moreover, the
“Arabian Gulf Oil Company” (AGOCO) facility, a
new oil corporation, was built in the same vicinity,
disrupting the current CP system and spanning the
pipes. The research aimed to examine and analyze
the existing CP pipeline system in the Brega

company, based on which an appropriate solution
was proposed.

The experimental work in the research was
based on evaluating the CP system by following
the schematic diagrams in Figs. 1 and 2. Fig. 1
explains the CP system arrangement for pipelines.
Two CP systems are used to protect all areas of
pipelines, as shown in Fig. 2. The hashed area
presents the double CP system from the system at
the Booster station (CPS1) and the Terminal
station (CPS2).
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Fig. 2. Maximum current spread from each station

The Cathodic protection system in this study
was applied to Brega Company’s pipelines in the
city of Tobruk. These pipelines extend along a
path of 23.3 km, starting from the Brega
Company’s jetty in the Bay of Tobruk and ending
in the company’s storage tanks west of Tobruk.
The experiment includes the visual investigation
of all cathodic protection systems, photography,
and case analysis.
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On the other hand, new materials (to replace
worn-out parts) should be selected and examined,
and corrective measures should be taken to
replace worn parts.

3. RESULTS AND DISCUSSION

Fig. 3 shows the position of the AGOCO
company as well as the pipelines that connect the
(Booster station) to the (Terminal station) and the
Brega company.

Fig. 3. Plane of Brega pipelines route from booster
station to terminal station and AGOCO facilities

An old pipeline route via AGOCO company is
indicated by the red arrow in Fig. 4, which depicts
the intersection of the pipeline with AGOCO
(Arabian Golf Oil Company) facilities.
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Fig. 4. More details on the Plane of intersection
location between Brega pipelines and AGOCO facilities

Due to the cross-linking of the AGOCO, as
illustrated in Fig. 5, this circumstance damaged
the CP system in the Brega company. Table 1
shows the output of transformer rectifiers in the
cathodic protection systems. The extent to which

the interference with the AGOCO CP system
impacted the Brega CP system was elucidated,
and the potential was decreased by several points
(Fig. 5), below the suggested potential difference
(-850 mV). Point 4 (the intersection location) saw
a severe drop in potential, and the pipelines there
served as the AGOCO CP system’s anode.

Table 1. Transformer rectifier reading of Brega CP
systems

Location Booster Terminal station
station (CPS1) (CPS2)
T/R Outputs 45V; 0A 36V; 3A
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Fig. 5. The potential survey before linked with the
AGOCO CP system

One solution to this problem was connecting
the two CP systems in this area at a suitable
underground point to overcome this interference
and keep the two systems running correctly. The
potential survey after the connection is shown in
Fig. 6, and the output of transformer rectifiers of
cathodic protection systems used is obtained in
Table 2. The potential value of all tested points is
higher than that recommended by the
manufacturer company. However, that solution
cannot be maintained due to technical problems
at AGOCO company.

Table 2. The transformer rectifiers are reading after
being linked with the AGOCO CP system

Location Booster Terminal station
station (CPS1) (CPS2)
T/R Outputs 20V, 6A 36V, 3A

32



H.M.B. Khalid et al. / Advanced Engineering Letters Vol.3, No.1, 30-35 (2024)

2100

Table 3. Transformer rectifiers reading on position ON

o i and OFF
= I’JL\_(A\\ Booster Terminal station
g o0 = £ Location .
= i a—— e station (CPS1) (CPS2)
g = R | ON | V35A0 V12,A0
o Outputs | ofr | v 0,A0 VO,A0
° : Distancelﬁrom Boost:r station (kn:]) ”
Fig. 6. Potential survey after linked with AGOCO CP i'l,\
system ~ oo ) o~ == potenil Ll O
£ . 1L oA B
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was bypassing the route around the AGOCO in E w T .
order to avoid cross-linking between the two ; \"—"}\k-—"‘ ------ >y
systems. Practically, this is done on upper ground, g T
not underground. é \“-\
The yellow arrow in Fig. 4 indicates the new 3 i
path; the route of the pipes was modified so that
the part of the path that passes under the AGOCO

company was canceled, and the path in this part
became above ground and revolved around the
AGOCO'’s facilities.

Fig. 7 explains the soil resistivity measured
along the pipeline's placement. The soil resistivity
drops in the booster station's direction, reaching
its lowest value near the junction of AGOCO and
Brega pipelines. This is a result of the damp
ground close to the ocean.

200

A i = 5ol Resistivity (ohm per meter)
! "1m Between earth spikes”

Soil Resistivity (ohm per meter)

V] = = = Soil Resistivity (ohm per meter)
T "1 Sm Between carth spikes"

o s 10 1s 20 25
Distance from Booster station (km)

Fig. 7. Soil resistivity along the route of pipelines

The potential survey along the pipelines
measured is shown in Fig. 8, and the output of
transformer rectifiers of cathodic protection
systems used is obtained in Table 3. Almost there
is no change in the potential difference between
the application of cathodic protection systems
(turn on) and without application of it (turn off).
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Fig. 8. Change in the potential difference between turn
on and turn off of the CP system

This is attributed to anode decay in different
locations because of the ending of its time life of 5
years, as shown in Fig. 9. So, the AGOCO CP
system is still affected by Brega pipelines; this is
quite clear from the potential value near the
Booster station.

Fig. 9. Consumed anode ground bed in Brega CP system
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4. CONCLUSION

It is recommended that the cathodic protection
system be analyzed in detail for a successful
evaluation of the CP system for oil transportation.
To ensure further reliable operation, the blocked
anodes must be replaced, and the rectifier must
be maintained comprehensively. To ensure the
sustainability of cleaner generation systems, a
careful monitoring system must be implemented
that considers both excess and decreased
potential.

A general survey of the area must be
conducted to address any changes in the areas
surrounding the pipelines. The technical service
also needs to maintain these installations to keep
production running smoothly.

Conflicts of Interest
The authors declare no conflict of interest.

REFERENCES

[1] F. Martinelli-Orlando, S. Mundra, U.M. Angst,
Cathodic protection mechanism of iron and
steel in porous media. Communications
Materials, 5(1), 2024: 15.
https://doi.org/10.1038/s43246-024-00454-y

[2] W. Ni, Q. Li, Y. lJiang, Electrochemical
Monitoring of Cisplatin as Anticancer
Compound to the Treatment of Laryngeal
Cancer in the Elederly Using Poly
(cyanocobalamin) Modified Composite of Ag
Nanoparticles Graphene Oxide Electrode.
International Journal of Electrochemical
Science, 17(1), 2022: 220124.
https://doi.org/10.20964/2022.01.15

[3] M. Barbarin, C. Turquois, E. Dubillot, V. Huet,
C. Churlaud, F. Muttin, H. Thomas, First
guantitative biomonitoring study of two ports
(marina, commerce) in French littoral area:
Evaluation of metals released into the marine
environment and resulting from galvanic
anodes. Science of the Total Environment,
857, 2023: 159244,

[4] J.P. Broomfield, A Historical Review of
Impressed Current Cathodic Protection of
Steel in Concrete. Construction Materials,
1(1), 2021: 1-21.
https://doi.org/10.3390/constrmater1010001

[5] J.P. Guyer, P.E., R.E., An introduction to
Cathodic Protection Principles. Continuing

Education and Development, Inc. Course, New
York, USA, 2014

[6] A. Meroufel, A. Gordon, D. Thierry, Cathodic
protection shielding of coated buried pipeline.
Journal of Coatings Technology and Research,
21, 2024: 445-459.
https://doi.org/10.1007/s11998-023-00850-y

[7]1 D. Neal, Pipeline Coating Failure-Not Always
What You Think It Is. Paper presented at the
Corrosion 2000, Orlando, Florida, 2000,
00755.

[8] K.N. Allahar, M.E. Orazem, On the extension
of CP models to address cathodic protection
under a delaminated coating. Corrosion
Science, 51(5), 2009: 962-970.
https://doi.org/10.1016/j.corsci.2009.01.023

[9] X. Chen, X.G. Li, C.W. Du, Y.F. Cheng, Effect of
cathodic protection on corrosion of pipeline
steel under disbonded coating. Corrosion
Science, 51(9), 2009: 2242-2245.
https://doi.org/10.1016/j.corsci.2009.05.027

[10] C. Zhong, X. Tang, Y.F. Cheng, Corrosion of
steel under the defected coating studied by
localized electrochemical impedance
spectroscopy. Electrochimica Acta, 53(14),
2008: 4740-4747.
https://doi.org/10.1016/j.electacta.2008.02.0
14

[11] F.M. Song, N. Sridhar, Modeling pipeline
crevice corrosion under a disbonded coating
with or without cathodic protection under
transient and steady-state conditions.
Corrosion Science, 50(1), 2008: 70-83.
https://doi.org/10.1016/j.corsci.2007.05.024

[12] R. Norsworthy, Is your pipeline coating "Fail
Safe?". Pipeline & Gas Journal, 233(10), 2006:
p.62.

[13] D. Kuang, Y.F. Cheng, Study of cathodic
protection shielding under coating
disbondment on pipelines. Corrosion Science,
99, 2015: 249-257.
https://doi.org/10.1016/j.corsci.2015.07.012

[14] A.Q. Fu, Y.F. Cheng, Characterization of the
permeability of a high-performance
composite coating to cathodic protection and
its implications on pipeline integrity. Progress
in Organic Coatings, 72(3), 2011: 423-428.
https://doi.org/10.1016/j.porgcoat.2011.05.0
15

[15] D. Kuang, Y.F. Cheng, Probing potential and
solution pH under disbonded coating on
pipelines. Materials Performance, 54(5),
2015: 40-45.

34


https://doi.org/10.1038/s43246-024-00454-y
https://doi.org/10.20964/2022.01.15
https://doi.org/10.3390/constrmater1010001
https://doi.org/10.1007/s11998-023-00850-y
https://doi.org/10.1016/j.corsci.2009.01.023
https://doi.org/10.1016/j.corsci.2009.05.027
https://doi.org/10.1016/j.electacta.2008.02.014
https://doi.org/10.1016/j.electacta.2008.02.014
https://doi.org/10.1016/j.corsci.2007.05.024
https://doi.org/10.1016/j.corsci.2015.07.012
https://doi.org/10.1016/j.porgcoat.2011.05.015
https://doi.org/10.1016/j.porgcoat.2011.05.015

H.M.B. Khalid et al. / Advanced Engineering Letters Vol.3, No.1, 30-35 (2024)

[16] K. Yin, Y. Yang, Y.F. Cheng, Permeability of
coal tar enamel coating to cathodic
protection current on pipelines. Construction
and Building Materials, 192, 2018: 20-27.
https://doi.org/10.1016/j.conbuildmat.2018.10.
123

[17] M. Chakraborty, S.
Raychaudhuri equation and bouncing
cosmology. Modern Physics Letters A,
38(28n29), 2023: 2350129.
https://doi.org/10.1142/50217732323501298

[18] M.T. Lilly, S.C. lhekwoaba, S.O.T. Ogaiji, S.D.
Probert, Prolonging the lives of buried crude
oil and natural gas pipelines by cathodic
protection. Applied Energy, 84(9), 2007: 958-
970.
https://doi.org/10.1016/j.apenergy.2007.03.
002

[19] X. Chen, X.G. Li, C.W. Du, Y.F. Cheng, Effect
of cathodic protection on corrosion of
pipeline steel under disbanded coating.
Corrosion Science, 51(9), 2009: 2242-2245.
https://doi.org/10.1016/j.corsci.2009.05.027

Chakraborty,

[20] S.A. Shipilov, I.L. May, Structural integrity of
aging buried pipelines having cathodic
protection. Engineering Failure Analysis,
13(7), 2006: 1159-1176.
https://doi.org/10.1016/j.engfailanal.2005.07
.008

[21] G. Stokes, Handbook of electrical installation
practice. Blackwell Science Ltd, 2003.
https://doi.org/10.1002/9780470774526

[22] S.A. Shipilov, I.L. May, Structural integrity of
aging buried pipelines having cathodic
protection. Engineering Failure Analysis,
13(7), 2006: 1159-1176.
https://doi.org/10.1016/j.engfailanal.2005.07
.008

[23] A. Oni, Effects of cathodic overprotection on
some mechanical properties of dual-phase
low-alloy steel in sea water. Construction and
Building Materials, 10(6), 1996: 481-484.
https://doi.org/10.1016/0950-
0618(95)00086-0

35

2024 by the authors. This work is licensed under a Creative Commons Attribution-NonCommercial

4.0 International License (CC BY-NC 4.0).


https://doi.org/10.1016/j.conbuildmat.2018.10.123
https://doi.org/10.1016/j.conbuildmat.2018.10.123
https://doi.org/10.1142/S0217732323501298
https://doi.org/10.1016/j.apenergy.2007.03.002
https://doi.org/10.1016/j.apenergy.2007.03.002
https://doi.org/10.1016/j.corsci.2009.05.027
https://doi.org/10.1016/j.engfailanal.2005.07.008
https://doi.org/10.1016/j.engfailanal.2005.07.008
https://doi.org/10.1002/9780470774526
https://doi.org/10.1016/j.engfailanal.2005.07.008
https://doi.org/10.1016/j.engfailanal.2005.07.008
https://doi.org/10.1016/0950-0618(95)00086-0
https://doi.org/10.1016/0950-0618(95)00086-0

