
Integrity management is a complicated and ongoing task as 
the mechanical integrity of assets offers a line of defence 
against catastrophic process safety incidents. Global 
regulations for maintaining integrity are designed to set 

minimum standards for industries that have the ability to cause 
major harm. Such regulations are sometimes prescriptive, which 
can give the impression that compliance equates to zero risk. 
The other regulatory style is goal setting, leaving it up to 
individual organisations to establish practices to manage their 
risks in order to achieve a goal. Put simply though, compliance is 
not enough for robust integrity management.

Seasoned engineers operating in accordance with 
up-to-date practices are essential for the success of a 
mechanical integrity programme. It is relatively easy to manage 
risks that are highly visible, but the ones that you cannot see are 
harder to overcome. Companies can learn to recognise these 
‘blind spots’ and establish a management strategy to adequately 
control these risks. A solid foundation consists of understanding 
the assets that require management, a competent team and 
appropriate technology for detecting asset degradation.

The first, and potentially largest, blind spot is the asset you 
do not know you are responsible for. This is especially 
important for organisations that have undergone significant 
change over time. It is not uncommon for assets to be in their 
fourth or fifth decade of operation and to have changed 
ownership numerous times. The asset management principles 
employed will have undoubtedly changed significantly over 
this period, and where paper and physical records were 
normal when the assets were designed and constructed, 
nowadays it is commonplace for a computerised maintenance 
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management system (CMMS) or enterprise asset management 
(EAM) to be in place. Often, such systems are implemented for 
business accounting reasons, with the engineering aspects 
being a secondary consideration. Assets may not be recorded 
in the new system for various reasons, for example, they are 
now redundant but still have the potential to become ‘live’, 
transcription errors from paper to the electronic system, or 
resource constraints during the implementation of the system. 

This is an all too common problem. In the management of 
change practices, organisations should ensure that records and 
maintenance strategies are updated, and personnel are given 
time to complete this vital work. As a first step, companies 
should consider whether they have a true understanding of 
everything that needs to be managed to ensure mechanical 
integrity. The answer may reveal shortfalls in the company’s 
asset register, requiring effort in terms of physically verifying 
assets on the ground vs those recorded in the system. A 
complete asset register forms the foundation for a robust 
mechanical integrity programme.

The next question to consider is: does the company 
understand how mechanical integrity can be impaired? This 
blind spot, unmitigated degradation mechanisms, can lead to 
unexpected failures in assets that were believed to be under 
control. To answer this question, companies must be satisfied 
that they have a competent organisation in place for integrity 
management, working in line with robust procedures. The 
organisation, a trusted third-party, or a combination of the 
two, may be key to ensuring that skills and experience needs 
are met. As a minimum, personnel who understand the 
principles of integrity management are required. 

Global standards and regulations
International standards have been established to help ensure 
that the personnel and/or organisations involved with 
integrity management are appropriately competent. ISO 17020 
(Conformity assessment – Requirements for the operation of 
various types of bodies performing inspection) provides a 
certification framework for organisations to demonstrate 
competence for tasks, such as developing schemes of 
examination and providing inspection services. For personnel 
undertaking inspection duties, there are numerous 
certification routes available. One such route is through the 
various API code certifications, including the following:

 n API 510: pressure vessel inspection code.
 n API 570: piping inspection code.

 n API 579: fitness-for-service.
 n API 580: risk-based inspection.
 n API 653: aboveground storage tank inspection code.

ASME offers the Plant Inspector certification, from level 1 
through to 3, for increasing levels of technical complexity. 
EEMUA 159 offers an alternative standard and certification 
route for storage tank inspection, which also includes 
risk-based inspection principles. All of these standards are 
recognised good practices, and having an awareness of these 
will allow customers to make an informed decision regarding 
their appointed mechanical integrity management 
organisation. Likewise, there are various non-destructive 
testing (NDT) certifications, such as ‘Personnel Certification in 
Non-Destructive Testing (PCN)’ and the American Society for 
Nondestructive Testing (ASNT). To ensure that NDT is carried 
out effectively, a member of each NDT team should hold at 
least a current level 2 certificate for the relevant NDT 
technology.

API RP 571 (Damage Mechanisms Affecting Fixed 
Equipment in the Refining Industry) is a useful reference of 
common failure modes that need to be considered within the 
mechanical integrity management programme. Using this 
document as a guide helps ensure that an organisation 
considers failure modes that they may not be familiar with. 
Reviewing the equipment in line with API RP 571, followed by 
the establishment of an inspection strategy in accordance to 
API 580, and consequently a scheme of examination that is 
compliant with one of the equipment-specific codes, will help 
provide a robust integrity management programme.

Example
Even with the asset register complete and a competent 
organisation in place, some blind spots may still exist within 
the mechanical integrity programme. These blind spots make 
inspection and testing difficult through design or 
unavoidable geometry factors. For example, consider a 
desktop review of a piping system. Using the drawings and 
technical information, the review team has identified that 
internal and external corrosion are a potential problem and a 
decision is taken to inspect for metal loss. However, in the 
field, the pipework runs across a normally inaccessible 
pipe-bridge, sits directly on metal beams, and has a few 
vertical sections ascending many metres. Such features can 
present challenges in the actual testing technique used or in 

Figure 1. EMAT principle.
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the cost associated with extra considerations, such as 
scaffolding.

Numerous features present challenges, including the 
following: 

 n Insulated or fireproofed pipework, tanks and vessels.
 n Through culverts, shafts or under roads.
 n Bund penetrations and soil interfaces.
 n Coated surfaces.
 n Tank floors with low heating coils.

These physical blind spots require an appropriate 
inspection and testing routine. Traditional methods, such as 
visual inspection and ultrasonic thickness testing, can 
address some of these issues, but may require preparation 
and dismantling, which adds cost and complexity to the 
inspection strategy. Furthermore, these technologies will not 
provide full coverage. For example, ultrasonic thickness 
testing is accurate at the point of testing, but is limited by 
the speed at which readings can be collected.

Modern technologies for detecting 
blind spots
Inspection and testing technologies are constantly under 
development as attempts to answer these challenges and 
provide equipment owners with accurate and cost-effective 
methods. One such technology is the electromagnetic 
acoustic transducer (EMAT). With this EMAT, a sound wave is 
induced directly within the material and measured to detect 

any discontinuities, such as metal loss or defects. It is a 
non-contacting technology, meaning that no surface 
preparation or couplant is required, and has the ability to 
inspect through standard coatings. The basic principle is 
shown in Figure 1.

There are currently two Rosen tools available for EMAT 
testing, CIRC and AXUS (Figures 2 and 3), which were designed 
to address challenges with inspecting the full window for 
pipework and other static equipment where metal loss is a 
concern. The CIRC tool detects anomalies by creating 
circumferential sound waves, both clockwise and 
counterclockwise, providing a full-body inspection in one 
‘shot’. It moves axially along the pipe and can be assisted by a 
crawler for long spans and vertical sections.

This detection principle means that any metal loss at the 
six o’clock position, as would be caused by galvanic corrosion 
in a pipe sitting directly over a support, can be detected 
without lifting the pipe. A motorised crawler option also 
means that spans of up to 30 m, horizontally and vertically, 
can be covered. This reduces the need for temporary access 
erection. The slim profile and need to access only the upper 
crown of the pipe means that even pipes that are close 
together can be inspected.

Using the reflection principle, AXUS detects anomalies in 
the axial direction, up to 1.5 m from the tool. When coupled 
with the CIRC tool, AXUS allows defects to be sized, providing 
critical information for fitness-for-service assessments. As a 
standalone tool, this technology provides the ability to 
inspect areas where the pipe passes through other solid 
objects, such as bund penetrations or soil interfaces. There are 
some limitations due to sensitivity at range and the ability to 
detect all types of flaw, but the technology is constantly 
evolving to address such restrictions.

Conclusion
Incorporated into various tools, the EMAT technology 
presents opportunities for bespoke non-destructive 
examination solutions that have previously presented blind 
spots to the plant inspector. The technology has been 
proven over many years through use in pipeline in-line 
inspection tools in the oil and gas industry.

Inspection for corrosion under insulation is still one of 
the most costly activities in a mechanical integrity 
programme. The ultimate solution is one whereby no 
insulation removal is required, but as of yet, no technology 
offers this possibility. Axial technologies, such as AXUS and 
guided wave ultrasonic testing (GWUT), can help with the 
screening of straight pipe runs, potentially reducing the 
burden of insulation removal. CIRC or conventional 
ultrasonic testing can then be used at targeted locations to 
confirm defects.

Identifying blind spots within integrity management 
systems is essential for modern facilities to protect life and 
the environment from harmful releases. Identifying potential 
degradation as early as possible allows for the development 
of an optimal integrity management strategy. The best time 
to start thinking about lifecycle integrity is during asset 
design. Asset management systems should be aligned with 
skilled and experienced personnel, along with an appropriate 
technology for excellent performance. 

Figure 2. The Rosen EMAT CIRC tool.

Figure 3. The Rosen EMAT AXUS tool.


