
The Silent Threat Below: Understanding
Underground Pipeline Corrosion in Metals and
Surface Engineering 63
Underground pipelines are an essential part of our infrastructure, transporting oil,
gas, and other fluids across vast distances. However, buried deep beneath us,
these pipelines face a relentless enemy – corrosion. Without proper protection,
corrosion can gradually eat away at these vital structures, compromising their
integrity and posing a significant risk to the environment and public safety. In this
article, we explore the world of underground pipeline corrosion in metals and the
role of surface engineering in mitigating this silent threat.

Understanding Underground Pipeline Corrosion

Corrosion, often referred to as "rust," is a natural electrochemical process that
occurs when metals come into contact with moisture, oxygen, and other
environmental factors. The buried environment of underground pipelines creates
an ideal condition for corrosion to occur, with factors such as soil resistivity,
moisture content, and stray currents exacerbating the problem.

Corrosion in underground pipelines can take various forms, including general
corrosion, pitting corrosion, and stress corrosion cracking. General corrosion
involves a uniform loss of metal thickness and is commonly caused by the
presence of moisture and oxygen. Pitting corrosion occurs when localized areas
of the metal surface start to dissolve, leading to the formation of pits or holes.
Stress corrosion cracking occurs when the combined action of stress and
corrosion results in the formation and propagation of cracks.
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The Impact of Underground Pipeline Corrosion

The consequences of underground pipeline corrosion are far-reaching and can
result in significant economic and environmental damage. Firstly, the loss of
metal thickness due to corrosion can weaken the pipeline structure, leading to
ruptures and leaks. These leaks not only result in the loss of valuable resources
but also pose a threat to the surrounding environment and public safety.

Furthermore, the repair and replacement costs associated with corroded
pipelines can be substantial, impacting both pipeline operators and consumers.
The disruption of service during repairs can cause supply shortages and price
hikes, affecting industries and households dependent on these resources.

Surface Engineering as a Defense Mechanism

Surface engineering plays a vital role in defending underground pipelines against
corrosion, extending their service life and reducing maintenance costs. By
applying various protective coatings, pipeline operators can create a barrier
between the metal substrate and the corrosive environment.
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One commonly used method is cathodic protection, which involves the use of
sacrificial anodes or impressed current to counteract the corrosion process.
Sacrificial anodes, typically made of zinc or magnesium, are attached to the
pipeline and sacrifice themselves by corroding, thereby protecting the main
structure. Impressed current cathodic protection utilizes an external power source
to provide a continuous flow of electrical current, effectively protecting the
pipeline from corrosion.

In addition to cathodic protection, coatings such as epoxy, polyethylene, and coal
tar can be applied to the pipeline surfaces to provide a physical barrier against
corrosion. These coatings are specifically formulated to withstand the harsh
underground conditions, providing long-term corrosion resistance.

Advancements in Surface Engineering 63

The field of surface engineering has witnessed significant advancements in
recent years, with the of innovative technologies to combat underground pipeline
corrosion. One such advancement is the development of smart coatings, which
can detect and self-heal small defects or damage before they lead to significant
corrosion.

Smart coatings work by incorporating microcapsules filled with corrosion
inhibitors within the coating material. When damage occurs, these microcapsules
rupture, releasing the inhibitors that can migrate to the damaged areas and
prevent further corrosion. This self-healing mechanism not only enhances the
corrosion resistance but also reduces the need for frequent maintenance and
repairs.

Underground pipeline corrosion in metals is a significant challenge that requires
diligent attention and proactive measures to ensure the integrity and safety of our



infrastructure. Through advancements in surface engineering, pipeline operators
can adopt protective coatings and innovative technologies to combat corrosion
effectively. By addressing this silent threat below, we can prevent environmental
disasters, minimize repair costs, and secure the continued supply of essential
resources for generations to come.
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Underground pipelines transporting liquid petroleum products and natural gas are
critical components of civil infrastructure, making corrosion prevention an
essential part of asset-protection strategy. Underground Pipeline Corrosion
provides a basic understanding of the problems associated with corrosion
detection and mitigation, and of the state of the art in corrosion prevention.

The topics covered in part one include: basic principles for corrosion in
underground pipelines, AC-induced corrosion of underground pipelines,
significance of corrosion in onshore oil and gas pipelines, numerical simulations
for cathodic protection of pipelines, and use of corrosion inhibitors in managing
corrosion in underground pipelines. The methods described in part two for
detecting corrosion in underground pipelines include: magnetic flux leakage,
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close interval potential surveys (CIS/CIPS), Pearson surveys, in-line inspection,
and use of both electrochemical and optical probes. While the emphasis is on
pipelines transporting fossil fuels, the concepts apply as well to metallic pipes for
delivery of water and other liquids.

Underground Pipeline Corrosion is a comprehensive resource for corrosion,
materials, chemical, petroleum, and civil engineers constructing or managing both
onshore and offshore pipeline assets; professionals in steel and coating
companies; and academic researchers and professors with an interest in
corrosion and pipeline engineering.

Reviews the causes and considers the detection and prevention of corrosion
to underground pipes

Addresses a lack of current, readily available information on the subject

Case studies demonstrate how corrosion is managed in the underground
pipeline industry
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