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S u bse a p i p e | i n eS are essential to the world’s energy industry,

transporting huge volumes of oil, gas, and chemicals safely across the ocean bottom.
These pipelines work in some of the toughest environments on Earth — deep underwater, under

high pressure, with shifting temperatures, and surrounded by corrosive seawater. Keeping them in

good condition is a constant challenge.

As global energy demand
grows and new offshore
projects reach deeper
waters, the risks of pipeline

failures increase.

Traditional inspection methods,
though reliable, often struggle to
detect early problems in deep-
water areas, especially when
pipes are covered in coatings,

marine growth, or buried.

That's why the industry is turning

to smart inspection systems,

Why Smart Inspections Are
Important

Pipeline leaks or failures
underwater can cause major
damage — not only shutting
down operations but also
harming the environment, marine
life, and company reputations.

A small, unnoticed defect can
turn into a serious incident. The
costs of emergency repairs, lost
production, environmental
cleanup, and regulatory penalties
can be enormous.

Key risks include:

Unplanned shutdowns and loss
of production

Environmental pollution
affecting marine ecosystems
Legal penalties and financial
losses

Expensive emergency repair
operations

Increased safety risks for
personnel

Higher carbon emissions from

flaring or leaks

Today, governments and

advanced Non-Destructive stakeholders demand safer, more

Testing (NDT) technologies, and responsible pipeline operations.

robotic tools to better manage Offshore operators must now

and protect these critical assets. invest in smarter, more advanced

inspection and maintenance
programs to protect their assets

and the environment.
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Intelligent Eyes in Subsea Pipelines

To meet these challenges,
companies are combining
robotic underwater vehicles with
powerful NDT inspection tools.
These modern systems allow for
quicker, safer, and more accurate
inspections in deep and difficult-

to-reach places.

Unlike older manual techniques,
robotic systems can move
through complex underwater
areas, handle extreme pressure,
and work for long periods
without risking human divers.

Benefits include:

e Detecting corrosion, cracks,
and weld problems early

e Measuring wall loss and pitting
corrosion accurately

¢ Real-time monitoring and
reporting

e Tracking defect growth over
time

¢ Improving maintenance plans

and asset life

A major advantage is the ability
to combine several advanced
inspection techniques into one
robotic platform, providing more
reliable results and reducing the
chance of missing serious

defects.

Key Advanced Subsea NDT Techniques

Pulse Eddy Current (PEC)

PEC is great for detecting corrosion hidden
beneath insulation, coatings, or marine growth. It
doesn't need surface cleaning. PEC sends
electromagnetic pulses into the pipeline wall, and
changes in how the current fades show areas where

the wall is thinner due to corrosion.

Acoustic Resonance Imaging (ARI)

This technique sends sound waves into the
pipeline. If there's damage, corrosion, or pitting, it
changes the sound frequency. ARl helps quickly

Amplitucel

locate isolated defects, even through thick

coatings and marine growth, without touching the

surface.

Automated Ultrasonic Testing (AUT) Corrosion

Mapping
AUT scanning uses ultrasonic probes on robotic

crawlers to measure wall thickness across large
areas. It provides detailed corrosion maps,
showing exactly where the wall has thinned. It's
ideal for known damage areas or places where

corrosion is likely.

Phased Array Ultrasonic (PAUT)

PAUT uses an ultrasonic beam that can be steered
electronically to inspect the full volume of the
pipeline wall. It's excellent for finding cracks,
pitting corrosion, and weld defects, especially in
circumferential and seam welds. It creates detailed

images of flaws inside the pipe wall.

Time-of-Flight Diffraction (TOFD)

TOFD is a proven method for accurately finding
and sizing serious flaws like a small sharp pitting,
weld cracks and lack of fusion. It measures the time
it takes for ultrasonic waves to bounce off a flaw

and return, making it especially useful for deep

cracks and defects in weld seams.
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Intelligent Eyes in Subsea Pipelines

Professionals behind the

Technology

Even with advanced robots and
smart inspection tools, the real
reliability comes from
experienced NDT professionals.
Successful subsea inspections
need careful planning —
choosing the right techniques,
setting up equipment properly,
and making sure systems are
ready for the specific underwater
conditions at each site.

Skilled engineers and technicians
are responsible for correctly
positioning probes, setting
scanning speeds, adjusting
settings for water temperature,
currents, and marine growth, and
ensuring data is collected
accurately.

Equally important are the
experienced analysts who review

and interpret the inspection data.

They confirm the type, size, and
exact position of each defect.

A poorly planned or
misinterpreted inspection can
lead to repeated offshore
campaigns — which are
extremely expensive and time-
consuming.
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To avoid this, inspection teams
run regular validation checks,
calibration tests, and use
multiple NDT techniques at
once. This improves the accuracy
of findings, reduces false
positives, and ensures reliable
detection. After each inspection,
data is carefully reviewed by
experts, and only validated, high-
quality results are used to make
maintenance and repair
decisions.

Real-World Results

Robotic NDT systems have
already shown great success in
the field. They can detect difficult
problems like hydrogen-induced
cracking, early pitting, and
corrosion in hard-to-reach
places. Operators using these
systems report fewer unplanned
shutdowns, better maintenance
schedules, and longer pipeline
service life.

They also help companies reduce
safety risks and environmental
damage. In addition, modern
robotic systems contribute to
digital transformation, providing
data for digital twins, centralized
monitoring systems, and
predictive maintenance tools.
This gives pipeline operators a
complete, real-time view of their
assets.

Intelligent Eyes System
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Smarter Eyes beneath the
Waves

As offshore pipelines age and
new deepwater projects emerge,
the need for smart, automated
inspection systems will keep
growing. Robotic platforms
equipped with advanced NDT
techniques are no longer a luxury
— they are a necessity for safe,
efficient, and responsible
offshore operations.

These intelligent systems aren’t
just improving inspections —
they're changing how the
offshore industry manages and
protects its most valuable
infrastructure. By catching
problems before they become
serious, these tools help
companies avoid shutdowns,
save money, extend pipeline life,
and safeguard marine
environments.

The future of subsea pipeline
inspection is here. With smart
robotics, advanced NDT, expert
human judgment, and powerful
data systems working together,
offshore pipelines can remain
safe, efficient, and reliable for
decades to come.
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