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Abstract: Corrosion Under Insulation (CUI)
is a significant challenge in offshore oil and
gas fields due to aggressive marine
environments, complex insulation systems,
and limited access for inspection. This
literature review analyzes the influencing
factors of CUI and explores prevention and
control methods, with a particular focus on
structural adjustments to insulation layers.
The study examines advancements in
corrosion protection technologies, including
cathodic protection systems, corrosion-
resistant materials, specialized coatings,
and innovative insulation designs. It
highlights the potential of integrating one-
piece insulation structures, improved
ventilation, and advanced real-time
monitoring technologies to mitigate CUI
effectively. The review emphasizes the
importance of a holistic approach that
combines preventive measures with
continuous monitoring to enhance the
operational lifespan of offshore platforms,
reduce maintenance costs, and improve
safety. As technology evolves, these
strategies will strengthen the industry's
ability to combat corrosion in increasingly
harsh marine environments.
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1. Introduction
Offshore oil and gas fields are vital to the
global energy supply. However, they are
exposed to extreme marine environments
characterized by high salt content, humidity,
intense UV radiation, and dynamic
temperature fluctuations. To ensure the

fluidity of crude oil transportation, pipelines
and equipment must be insulated to maintain
the process temperature. Unfortunately, this
insulation creates an environment conducive
to CUI, a critical issue that compromises the
safety and operational integrity of offshore
facilities.
The insidious nature of CUI stems from the
semi-enclosed space between the insulation
layer and the metal substrate, where moisture
infiltrates through broken sheaths or
condensation. This moisture interacts with
chlorides, sulfides, and other contaminants
leached from the insulation material, forming
an electrolyte solution with high conductivity.
This solution accelerates galvanic corrosion
[1]. In offshore operations, CUI represents a
substantial challenge, with estimates
indicating that maintenance activities related
to CUI—such as monitoring, inspection, and
repair—account for approximately 40-60% of
pipeline maintenance costs [2].
A notable incident that highlights the severity
of CUI occurred in March 2008 at a Dow
Chemical Company facility. In this case, an 8-
inch, schedule 20, carbon steel hydrocarbon
line failed due to extensive corrosion under
insulation. The failure began with a small
pinhole leak, which, upon isolation and
depressurization, escalated into a catastrophic
failure. Fortunately, the explosive force of the
failure caused the line to bend at two locations,
effectively sealing the breach and preventing a
major release. This incident underscores the
need for effective corrosion management
strategies in industrial settings, particularly
offshore [3].
Similarly, a case study in a Japanese oil and
gas plant revealed significant challenges with
CUI, particularly under mineral wool
insulation. Carbon steel equipment was found
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to suffer from metal loss, while stainless steel
equipment faced the risk of external chloride
stress corrosion cracking (ECSCC). Despite
efforts to mitigate these issues through the
application of water-repellent insulation
materials and organic protective coatings,
instances of CUI persisted, highlighting the
complexities of managing corrosion under
insulation in offshore environments [4].
These incidents emphasize the critical need for
robust corrosion prevention and control
technologies to maintain the safety and
operational efficiency of offshore oil and gas
facilities. CUI presents a significant challenge
in offshore operations, leading to substantial
maintenance costs and potential safety hazards
[5]. This type of corrosion occurs when
moisture infiltrates the insulation material,
resulting in the degradation of the underlying
metal surfaces. The offshore environment
exacerbates this issue due to factors such as
high humidity, temperature fluctuations, and
the presence of corrosive agents like chlorides.
The concealed nature of CUI makes it
particularly insidious, as it often remains
undetected until significant damage has
occurred.
This paper aims to explore and evaluate
corrosion prevention and control techniques
specifically designed to address corrosion
under insulation in offshore environments.
The primary objectives of the paper are:
 To examine the mechanisms and
factors contributing to CUI in offshore settings.
Understanding the root causes and
environmental conditions that facilitate CUI is
essential for developing targeted mitigation
strategies.
 To assess the effectiveness of existing
corrosion prevention methods. Evaluating
current practices, such as protective coatings,
cathodic protection, and insulation materials,
will provide insights into their applicability
and limitations in offshore applications.
 To identify emerging technologies and
innovative approaches. Exploring recent
advancements in materials science, sensor
technologies, and monitoring systems can
offer new avenues for enhancing corrosion
control measures.
 To provide recommendations for
industry best practices. Based on the findings,
the paper will propose actionable strategies for

mitigating CUI, improving safety, reliability,
and cost-effectiveness in offshore oil and gas
operations.
By achieving these objectives, the paper seeks
to contribute to the advancement of corrosion
management practices in the offshore oil and
gas industry, ultimately leading to more
sustainable and secure operations.

2. Corrosion Mechanisms under Insulation
CUI is predominantly an electrochemical
process in which moisture, oxygen, and
contaminants such as chloride ions contribute
to the degradation of the underlying metal.
The semi-enclosed space between the
insulation material and the metal surface
creates an electrolytic environment that
accelerates corrosion, often in the form of
localized pitting or crevice corrosion. These
forms of corrosion are challenging to detect
until significant damage has occurred [6]. The
localized nature of the corrosion accelerates its
propagation, complicating timely intervention.
The presence of chloride ions, particularly
from seawater, plays a key role in the
corrosion process. Chlorides infiltrate the
insulation and break down the protective oxide
layers on metal surfaces, thereby enhancing
corrosion rates. As Cao et al. (2022) note,
chloride-induced corrosion is especially
problematic in the presence of moisture and
high humidity, both of which are common in
offshore environments [7].
Several factors determine the rate and severity
of CUI. These include environmental
conditions, the properties of the insulation
material, the characteristics of the underlying
metal substrate, and the effectiveness of
corrosion inhibitors or protective coatings.
Temperature fluctuations, high humidity, and
salinity are key environmental factors that
exacerbate CUI. Offshore platforms
experience significant temperature variations,
which can cause condensation beneath the
insulation. This moisture retention creates a
continuous source of corrosion [8].
The ability of insulation materials to absorb
and retain water plays a central role in the
development of CUI. Materials such as
fiberglass and mineral wool are commonly
used in offshore platforms but are prone to
water absorption, which can lead to moisture
retention beneath the insulation. Eltai et al.
(2019) emphasize that continuous exposure to
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moisture and the inherent water-retention
capabilities of these materials exacerbate
corrosion beneath the insulation [9].
In addition to moisture retention, the integrity
of protective coatings applied to metal
surfaces is critical. The degradation of these
coatings—whether due to environmental
exposure or mechanical stresses—exposes the
underlying metal to corrosive agents,
accelerating the corrosion process. As
Momber (2016) observes, coating failure can
occur through mechanical damage or UV
radiation, leading to increased vulnerability to
corrosion [10].
The composition of the metal substrate also
plays a significant role in determining
corrosion resistance. Materials like steel are
highly susceptible to corrosion when exposed
to moisture and chloride ions. However,
alloying elements such as chromium can
improve the resistance of steel by forming a
passive oxide layer. Despite advancements in
alloy technology, harsh marine conditions can
still cause degradation beneath insulation.
The use of corrosion inhibitors and protective
coatings is standard practice to mitigate CUI.
Inhibitors work by forming a protective barrier
on the metal surface, preventing direct contact
with corrosive agents. However, as Olajire
(2017) notes, the long-term effectiveness of
these inhibitors is limited in offshore
environments, where exposure to fluctuating
temperatures and aggressive marine conditions
can break down protective layers [11].
Corrosion under insulation on offshore oil and
gas platforms is a multifactorial issue, with
environmental conditions, insulation
properties, and material characteristics all
contributing to the corrosion process [12].
Understanding the mechanisms driving CUI
and the factors that influence its progression is
essential for developing effective prevention
strategies. Regular maintenance, the use of
corrosion-resistant materials, and the
application of protective coatings and
inhibitors are critical to mitigating the risks of
CUI and ensuring the longevity and safety of
offshore platforms.

3. Insulation Layer Corrosion Protection
Technology
CUI is a significant issue in the offshore oil
and gas industry, where the combination of
harsh marine environments and complex

platform systems can lead to severe structural
degradation. This chapter explores various
corrosion protection technologies employed to
mitigate the detrimental effects of CUI, with a
particular focus on their effectiveness in
offshore oil and gas fields.
The primary goal of these protection
technologies is to isolate the metal substrate
from corrosive agents (such as moisture,
chloride ions, and oxygen) while also
providing effective means to detect and
manage any corrosion that might occur. This
is particularly important in the offshore oil and
gas sector, where environmental conditions
are harsh, and maintenance costs can be
prohibitive. The main protection strategies
include cathodic protection, corrosion-
resistant materials, advanced coatings,
corrosion inhibitors, and structural
modifications to the insulation system.

3.1 Cathodic Protection Systems
Cathodic protection (CP) is one of the most
widely used techniques for corrosion control,
particularly in offshore oil and gas operations.
CP works by supplying a protective electrical
current to the metal structure, which
counteracts the electrochemical reactions that
cause corrosion. The system typically consists
of an anode, a cathode, and a power supply
that induces a current flow to prevent the
metal from corroding.
In offshore platforms, CP systems are
commonly used in conjunction with insulation
materials to protect pipelines, well casings,
and structural components. These insulation
systems must be designed to be compatible
with CP to avoid interference. For example,
polyethylene insulation materials are often
chosen for their non-conductive properties,
ensuring that they do not disrupt the cathodic
current. As discussed by Morris et al. (1979),
the careful design of insulation systems is
crucial in maintaining the integrity of CP
protection, ensuring that the underlying metal
remains adequately protected from corrosion
[13].
Cathodic protection is particularly effective in
preventing corrosion on submerged or buried
metal structures, such as pipelines, where
direct visual inspection is difficult. This
method can be used with minimal
maintenance, though regular monitoring is
required to ensure that the system remains
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effective. As detailed by Cron and Marsh
(1983), CP systems are effective in protecting
well casings in offshore environments, even
under conditions where other protective
technologies may fail [14].
While CP is highly effective in many offshore
applications, it has certain limitations. One
limitation is the potential for overprotection,
which can lead to hydrogen embrittlement and
damage to the metal substrate [15].
Furthermore, CP does not prevent the buildup
of corrosion products or the development of
localized corrosion beneath the insulation if
the CP system is not functioning optimally.
The long-term durability of CP systems is also
affected by external factors such as sea water
salinity and temperature fluctuations.

3.2 Corrosion-Resistant Materials and
Alloys
The selection of corrosion-resistant materials
is a fundamental strategy for mitigating
corrosion under insulation (CUI) in offshore
oil and gas applications. Materials like duplex
stainless steel and super austenitic stainless
steel have gained significant traction due to
their superior resistance to corrosion,
particularly in aggressive marine
environments.
Duplex stainless steels, which combine both
ferritic and austenitic structures, are known for
their excellent resistance to chloride-induced
corrosion and their enhanced strength. As
noted by Lamsaki (2008), these materials offer
substantial improvements in pitting and
crevice corrosion resistance, making them
ideal for offshore applications where exposure
to seawater and humidity is a constant concern.
In contrast, super austenitic stainless steels,
which are alloyed with high levels of
molybdenum and nickel, provide enhanced
resistance to chloride stress corrosion cracking
(SCC), a common issue in marine
environments, particularly in offshore pipeline
systems [16].
While these materials offer a significant
advantage over conventional alloys, they come
at a high cost. The use of these materials
requires a careful evaluation of the trade-offs
between performance and budget constraints.
This is especially important in large-scale
offshore projects where material costs can be
substantial. Therefore, the selection of these
alloys must be carefully aligned with the

project’s corrosion risk profile and economic
considerations.

3.3 Corrosion Inhibitors and Chemical
Treatments
Corrosion inhibitors are chemicals used to
slow or prevent corrosion by forming a
protective film on the metal surface. In
offshore applications, these inhibitors are
applied to the metal surface or incorporated
into insulation materials to mitigate the
corrosion process. The primary classes of
inhibitors used include organic inhibitors and
passivating agents [17].
Organic inhibitors, often used in combination
with protective coatings, have demonstrated
their effectiveness in reducing corrosion rates,
particularly in environments subject to high
humidity and fluctuating temperatures.
According to Olajire (2017), these inhibitors
significantly reduce the impact of CUI by
forming a protective layer over metal surfaces,
thus preventing the penetration of corrosive
agents like chloride ions [11].
However, the effectiveness of corrosion
inhibitors is not indefinite. Environmental
factors such as temperature fluctuations, high
salinity, and mechanical stress can degrade
inhibitors over time. Therefore, their
performance is contingent on regular
monitoring and replenishment, especially in
harsh offshore environments.

3.4 Structural Modifications to the
Insulation System
In addition to traditional corrosion protection
methods, structural modifications to the
insulation system itself are critical in
preventing CUI. These modifications aim to
minimize moisture retention beneath the
insulation layer, which is one of the primary
drivers of the electrochemical corrosion
process. By improving drainage, ventilation,
and insulation integrity, the likelihood of
corrosion can be significantly reduced.
3.4.1 Addition of drainage holes
Incorporating drainage holes within the
insulation layer allows for the efficient
removal of moisture that may accumulate
between the insulation and metal surfaces. The
presence of these holes prevents the formation
of moisture pockets, reducing the conditions
that foster corrosion. These drainage points
should be strategically placed, especially in

Industry Science and Engineering Vol. 1 No. 12, 2024

29



vulnerable areas like joints or seams where
moisture retention is most likely.
As highlighted by Momber (2016), efficient
moisture drainage is crucial for the longevity
of protective coatings and the prevention of
corrosion, particularly in offshore platforms
exposed to extreme humidity and temperature
fluctuations [10].
3.4.2 Insulation and equipment in ring hollow
spaces
Another innovative approach involves the
strategic placement of insulation materials or
protective coatings within ring hollow spaces
found between structural elements on offshore
platforms. These spaces, if left unmodified,
can accumulate water and corrosive agents,
contributing to localized corrosion. By
inserting insulation into these spaces, moisture
ingress is reduced, and thermal protection is
enhanced.
3.4.3 Use of one-piece insulation layer
structure
The use of a one-piece insulation system
offers a significant improvement in preventing
moisture ingress. Unlike traditional systems
that use multiple pieces with seams and joints,
a continuous insulation layer eliminates the
possibility of water infiltration at junctions.
The seamless nature of this design improves
both moisture resistance and thermal
performance, providing long-term protection
against CUI.
3.4.4 Improved ventilation and airflow in the
insulation system
Ventilation and airflow play an essential role
in preventing moisture retention within
insulation systems. Incorporating ventilation
points or air gaps ensures that any trapped
moisture evaporates or drains effectively. By
reducing the humidity levels beneath the
insulation, these modifications contribute to a
more durable and corrosion-resistant system.
3.4.5 Combining structural modifications with
traditional protection methods
Structural modifications, when combined with
traditional corrosion protection methods, offer
a robust approach to mitigating CUI. For
instance, CP can be integrated with structural
enhancements like drainage holes or improved
ventilation, providing a multi-layered defense
system. Similarly, the application of corrosion
inhibitors can complement these structural
modifications by offering additional chemical
protection.

4. The Challenge of Corrosion Protection
Under Insulation
Corrosion under insulation (CUI) presents
significant challenges for offshore oil and gas
operations, primarily due to the combination
of harsh environmental conditions, difficult
inspection processes, and the limitations of
traditional corrosion protection technologies.
 Harsh Environmental Conditions:
Offshore platforms are subject to extreme
environmental conditions such as high
humidity, seawater exposure, and mechanical
stresses. These factors accelerate corrosion,
particularly when combined with chloride ions
from seawater.
 Insulation Materials: Insulation
materials like fiberglass and mineral wool are
prone to water absorption, which creates
conditions conducive to corrosion. Poor
moisture drainage and the degradation of
insulation over time exacerbate the situation.
 Limited Inspection and Maintenance:
Due to the hidden nature of CUI beneath the
insulation, early detection and maintenance
are difficult. Offshore platforms often face
logistical challenges in inspecting and
repairing these areas, making timely
intervention a significant hurdle.
 High Costs and Operational Impact:
CUI leads to increased maintenance costs and
operational downtime. The inability to
monitor corrosion effectively can result in
expensive repairs and replacements, making
the issue a major economic concern for
offshore operations.

5. Conclusion
CUI remains a major challenge in offshore oil
and gas operations. The combination of
aggressive marine environments, complex
insulation systems, and limited access for
inspection creates ideal conditions for
corrosion to thrive. However, advancements in
corrosion protection technologies, including
cathodic protection systems, corrosion-
resistant materials, specialized coatings, and
structural modifications to insulation systems,
offer significant potential for mitigating CUI.
Integrating innovations like one-piece
insulation structures, improved ventilation,
and advanced real-time monitoring
technologies will provide a comprehensive
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defense against CUI. These advancements,
combined with regular inspection and
maintenance strategies, will help offshore
platforms extend their operational life, reduce
maintenance costs, and improve safety.
Addressing CUI requires a holistic approach
that incorporates both preventive measures
and continuous monitoring to ensure the
longevity and operational efficiency of
offshore facilities. As technology continues to
evolve, so too will the ability to combat
corrosion in increasingly harsh marine
environments.
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