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Postgraduate Certificate in Advanced Subsea Engineering for Oil and Gas

Subsea Materials and Corrosion

Subsea materials and corrosion are critical aspects of advanced subsea engineering for oil and gas.
Understanding the key terms and vocabulary in this field is essential for any postgraduate student. This
explanation will cover various topics, including materials selection, corrosion mechanisms, prevention
strategies, and inspection techniques.

Materials Selection:

* Subsea materials: Materials used in subsea engineering applications, such as pipelines, wellheads, and
production systems, must withstand the harsh environmental conditions of the ocean. Common subsea
materials include carbon steel, stainless steel, titanium, and various alloys.
* Toughness: The ability of a material to absorb energy before fracturing. Toughness is an essential property
for subsea materials, as they must resist damage from impact, fatigue, and other stresses.
* Corrosion resistance: The ability of a material to resist degradation due to chemical reactions with its
environment. Corrosion resistance is critical for subsea materials, as they are exposed to seawater,
hydrocarbons, and other corrosive substances.
* Mechanical properties: The physical properties of a material that determine its behavior under stress, such
as tensile strength, yield strength, and elasticity. Mechanical properties are critical for subsea materials, as
they must withstand various loads, pressures, and stresses.

Corrosion Mechanisms:

* Corrosion: The degradation of a material due to chemical reactions with its environment. In subsea
engineering, corrosion can lead to equipment failure, leaks, and other safety hazards.
* Galvanic corrosion: A form of corrosion that occurs when two different metals are in electrical contact in a
corrosive environment. The more active metal corrodes faster, while the less active metal is protected.
* Pitting corrosion: A form of localized corrosion that occurs in small, deep pockets on the surface of a
material. Pitting corrosion can lead to catastrophic failure, even if the overall material appears to be in good
condition.
* Crevice corrosion: A form of corrosion that occurs in tight spaces, such as gaps, joints, or seals. Crevice
corrosion can lead to localized damage and equipment failure.
* Microbiologically influenced corrosion (MIC): A form of corrosion caused by microorganisms that produce
corrosive byproducts. MIC can occur in any environment where microorganisms are present, including
seawater and hydrocarbons.

Prevention Strategies:
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* Corrosion protection: Any measure taken to prevent or mitigate corrosion. This can include coatings,
inhibitors, cathodic protection, and design modifications.
* Coatings: Protective layers applied to the surface of a material to prevent corrosion. Coatings can be
organic or inorganic, and they can be applied by various methods, such as painting, spraying, or dipping.
* Inhibitors: Chemical compounds added to a system to reduce corrosion. Inhibitors can be added to
seawater, hydrocarbons, or other fluids to prevent corrosion of the equipment.
* Cathodic protection: A technique used to protect metal surfaces from corrosion by making them the
cathode in an electrochemical cell. This can be achieved by connecting the metal to a more active metal,
such as zinc or magnesium, or by applying an external current.
* Design modifications: Changes to the design of a system or component to reduce corrosion. This can
include changes to the material, shape, or surface finish.

Inspection Techniques:

* Inspection: The process of examining a system or component for signs of corrosion or damage. Inspection
is essential for ensuring the safety and reliability of subsea equipment.
* Non-destructive testing (NDT): Testing techniques that do not damage the material being tested. NDT can
be used to detect cracks, corrosion, and other forms of damage.
* Visual inspection: A simple and cost-effective inspection technique that involves examining the surface of
a material for signs of corrosion or damage. Visual inspection can be performed manually or using remote-
operated vehicles (ROVs).
* Ultrasonic testing (UT): A NDT technique that uses high-frequency sound waves to detect cracks,
corrosion, and other forms of damage. UT can be used to inspect pipes, plates, and other components.
* Electromagnetic testing (ET): A NDT technique that uses electromagnetic induction to detect cracks,
corrosion, and other forms of damage. ET can be used to inspect conductive materials, such as metals.

Challenges:

* Aging infrastructure: Many subsea systems and components have been in service for decades, and they
may be susceptible to corrosion and other forms of damage. Maintaining and upgrading aging
infrastructure is a significant challenge for the subsea engineering industry.
* Harsh environmental conditions: The ocean environment is harsh and unpredictable, with high pressures,
temperatures, and corrosive substances. Designing and operating subsea equipment that can withstand
these conditions is a significant challenge.
* Cost and complexity: Subsea engineering is a complex and expensive discipline, with high costs for
materials, equipment, and labor. Reducing costs and complexity while maintaining safety and reliability is a
significant challenge.

In conclusion, subsea materials and corrosion are critical aspects of advanced subsea engineering for oil and
gas. Understanding the key terms and vocabulary in this field is essential for any postgraduate student. This
explanation has covered various topics, including materials selection, corrosion mechanisms, prevention
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strategies, and inspection techniques. Despite the challenges, the subsea engineering industry continues to
innovate and develop new technologies and approaches to overcome these challenges.
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