Figure 1. Inspection engineers
standing in an empty tank,
discussing the scope of work.

Jürgen Wölke, ROSEN Group, Germany, explains the importance of
carrying out API 653 inspections on storage tanks in order to ensure
safe and economical operation.

S

torage tanks are exposed to a wide range of potential
damage mechanisms, any of which may result in a loss
of containment if not identified and mitigated at the
right time. Since storage tanks often contain large
amounts of hazardous liquids, a leaking tank can seriously
endanger people in the surrounding area and the environment.
Consequently, public pressure on operators and owners to
ensure the integrity of their assets is currently very strong. In
fact, this pressure has resulted in a set of standard regulations

now in place, which outline the basic requirements for tank
protection, including spill, overfill and damage protection
procedures, as well as maintenance requirements for tank
foundation, bottom shell and roof.

The danger of deterioration
Although tanks often operate under less extreme conditions
than other process plants and equipment, due to the fact that
they are typically surrounded by a secondary container that

provides additional protection, the types of damage
mechanisms that they encounter throughout their service life
are manifold. Damages may include, but are not limited to,
mechanical fatigue, corrosion under insulation, microbiologically
induced corrosion and atmospheric/soil corrosion. Furthermore,
these damage mechanisms can occur simultaneously, changing
the condition and the deterioration rate of the tank over time,
which can result in further complications.
Depending on the volume and the properties of the
product stored, tank failure may lead not only to product loss
and a disruption to operation but also to severe and long-term
environmental contamination. As contamination can result in
substantial direct and indirect costs for the operator, it is in their
best interest to maintain the highest possible level of asset
integrity.

Corrosion and mechanical fatigue
The most common damage mechanism that affects storage
tanks is corrosion and mechanical fatigue. Typically, the features
appear in the form of pitting corrosion and general corrosion.
The potential for corrosion occurring is present due to the fact
that most storage tanks are built from carbon steel, which is
prone to reacting with oxygen in its environment, thereby
forming iron oxide – oxidisation, commonly known as corrosion.
The tank bottom, for example, is prone to soil-side pitting and

Figure 2. Inspection engineer conducting the
inspection of a tank shell from the outside.

general corrosion, which can be caused due to a bad
foundation, such as corrosive soil, inadequate drainage, pebbles,
etc. Atmospheric corrosion, on the other hand, can be found on
the tank shell, roof and appurtenances.
The appearance of mechanical fatigue on tanks is often
caused by an increase and decrease of internal pressure during
the tank’s operational cycles. When a paper clip is bent too
many times, it will crack – the same phenomenon causes
mechanical fatigue and failure in storage tanks. On a smaller
scale, this damage can be seen on storage tank welds as well.
Over the course of years, the tank foundation might suffer
from washed-out areas or improper design (under-designed),
often due to a lack of knowledge at the time of construction.
When the foundation is not strong enough, it results in even or
uneven settlement. Uneven settlement, in particular, presents a
danger to the tank integrity because the steel plates (on the
bottom and/or the shell) are then exposed to stresses beyond
what they were designed to handle. This can lead to a loss of
containment or, in the worst-case scenario, a total failure of the
tank.

Code compliance
All tank owners are obligated to comply with the statutory
regulations from the country/countries in which their storage
tanks are located. Statutory regulations may vary, and some of
the regulations might even be contradictory. By only relying on
the statutory regulation, the owner must accept that their tanks
are being maintained differently depending on the country in
which they are located. This approach can make it quite
complicated to maintain an overview and common
understanding of the various tanks’ integrity. This is why most
tank owners rely on the most commonly-used internationally
acknowledged standard issued by the American Petroleum
Institute (API).
The API 653 syllabus, formerly called ‘API 653 body of
knowledge,’ is based on the design code of the API 650. This
system suggests inspection intervals utilising various inspection
methods, each of which covers different areas of the storage
tank to varying degrees. The code requires that some inspection
types, such as internal and external inspections, must be
executed by a certified API 653 inspector employed by an
authorised inspection agency. Although the code does permit
standard non-destructive testing (NDT) methods, advanced
NDT methods have grown in popularity due to their increased
efficiency, higher feature detection probability and sizing, and
the automation of the data collected.
The main focus of the API 653 codes is specifying the
rejection criteria for features and stating what features should
be detected, but not specifying what must be detected and
how. Certainly, the syllabus contains a ‘Recommended Practice’
on common inspection methods, but it does not dictate the
number of measurements that must take place. Usually, for this
detail, an agreement is reached between the tank owner and
the authorised inspection service provider on the number of
measurements and the methods used.

Assessing the need
Figure 3. Bird's eye view of a tank terminal farm.
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Tanks can have large-scale surfaces, making 100% inspection
coverage (including welds) simply not feasible due to extreme
costs. Therefore, in order to ensure the detection of any critical

features – those below the rejection criteria – it is important to
work with the service provider to select the right technology
and method and apply it with knowledge and expertise.
It is essential to first identify the current state of a tank’s
integrity; for that, critical information must be collected.
Records such as the tank’s operational scope, design, location,
environment, and any current or potential damage mechanisms
should be shared with the service provider. A key question to
ask is whether or not these records are traceable, verifiable and
complete, which is often a regulatory requirement.
The sharing of information provides the necessary
foundation for a successful collaboration between the asset
owner and the service provider. If the current information on
the tank integrity is not satisfactory, the scope of work (SoW)
can be aligned to fulfill the requirements. For example, in the
case of missing records – often due to a change in ownership or
facility – inspection data can be collected and assessed to
determine the most likely original tank design code, which helps
to determine the appropriate load case calculations and ensure
safe operation.
In some cases, the damage mechanisms are known but not
qualified or understood. Therefore, a comparison analysis to
similar tanks’ damage mechanisms can be made, and the
inspection can be aligned to detect those critical features with
an acceptable degree of confidence. The collected data can
then be applied to the integrity assessments and, when needed,
an effective repair plan to match the owner’s maintenance
strategy can be established.

Sometimes, the operator requires the input of tank
engineers or structural engineers to look at data beyond what
the standards require, and therefore these experts need
additional, more-detailed information. To avoid an additional,
and costly, shutdown, one can already plan on collecting this
information during a standard inspection procedure in a
regularly timed shutdown window and keeping it for future
assessments.

Conclusion
Tanks have many potential damage mechanisms, any of which
can threaten the overall integrity of the asset. Standards and
regulations have been developed to cover the ground rules of
caring for this asset. They are, however, often broad and
unspecific as to what exactly should be detected and how.
Therefore, it is important to have a good understanding of the
overall asset, its historical data and current threats in order to
determine the high-risk locations that need to be closely
inspected, as 100% coverage is not feasible.
In order for the inspection to be effective, close
collaboration between the operator and the service provider
is necessary. Together, they can determine the type of integrity
assessment and how to best apply both the historical data
and the newly-collected information to identify and qualify
the critical features. Through this cooperation, comprehensive
asset care can be achieved, ensuring safe and economical
operation.
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