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Executive Overview

Savvy industrial facility decision-makers have been shifting away from man-

ually intensive corrosion monitoring methods of the past and moving toward

greater utilization of IloT and Industry 4.0 ap-

Operator-centric Al-driven improvements in proaches, resulting in sustainable operational
corrosion monitoring optimization provide a prime and safety benefits, along with a more engaged,
example how digital transformation can enable data-driven, and stewardship focused culture.
cost-effective optimization of asset health and O&M

activities, while improving safety and stewardship These leaders include decision-makers at refiner-

and reducing risks.

ies, chemical, and other process facilities and

asset-intensive industries. They are reducing
risks and enabling significant operational and cost saving improvements by
replacing traditional techniques for corrosion monitoring with the new capa-
bilities.

Corrosion monitoring enables operational, safety, and stewardship goals to
be met despite the negative impacts of corrosion on critical equipment and

components.

Traditional Corrosion Monitoring, O&M, and
Asset Management

Corrosion is a failure mechanism which causes leaks, but also degrades plant
performance and leads to unplanned operational interruptions that can
range from minor to catastrophic. Improvements that reduce the negative
impacts of corrosion not only help avoid these high-cost exceptions, but also
help to extend the life of critical equipment, including pipes, pipelines, ves-
sels, and tanks in refineries, polymer plants, and other asset-intensive
industrial facilities.

Traditionally, corrosion monitoring through non-destructive testing (NDT),
is led by highly qualified professionals, utilizing deep expertise to identify
and solve complex issues. Corrosion inspectors leverage various NDT and
non-destructive evaluation (NDE) methods to assess equipment damage,
and periodically monitor changes due to corrosion to inform decisions for
remaining equipment life evaluations. These insights have traditionally
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played a crucial role in optimizing production and enhancing personnel and

environmental safety.

A key element in the efforts of corrosion-related inspections is to take meas-
urements at critical locations where the likelihood of elevated corrosion rates
is high, including pipe elbows and the transition zone between gas and liquid
within pressure vessels, and other locations where known mechanisms of
erosion and/or corrosion occur. The locations that are considered critical to
obtain asset health information are called Thickness Monitoring Locations
(TMLs), or the newer related term, Condition Monitoring Location (CML).

In the absence of a continuous monitoring capability for crucial data as part
of a robust platform, advancements in corrosion monitoring have tended to
lag other areas benefiting from enhanced analytics to inform Operations and
Maintenance (O&M) practices effectively. Over recent decades, Asset Integ-
rity Management (AIM) solutions, coupled with advanced analytics, have
ushered in parallel improvements across diverse O&M domains. This spans
critical aspects such as O&M during major planned plant outages, optimiza-
tion of predictive maintenance models for fixed equipment, and the
streamlining of work orders for field crew O&M activities. In service-level-
dependent industries like utilities, success hinges on the seamless integration
of supply chain, inventory, and interconnected workflows.

Ultrasonic Inspection-Based Corrosion
Monitoring - Past and Present

The use of ultrasonic testing (UT) involving ultrasonic inspection methods to
monitor internal corrosion of pipes and pressure vessels is similar to the fa-
miliar process of ultrasonic imaging in the medical profession. In industrial
applications, ultrasonic probes, software and analytics are used for a wide
range of testing and diagnostic procedures, from inspecting welds to deter-
mining the cause of failures of components, as well as the critical

maintenance functions of corrosion monitoring.

Traditionally, in the case of corrosion monitoring, ultrasonic probes have for
many years been used by inspectors in several different use cases, including;:

e The use of portable ultrasonic scanners helps identify areas along pipe-
lines where potential failures or leaks may occur. This allows for a
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focused and more detailed inspection in areas where it will be of the
greatest benefit.

e The use of ultrasonic thickness probes for specific sections of pipes and
elbows and pressure vessels where corrosion and erosion need to be

monitored in greater detail.

e The NDT and NDE of assets and components for reliability testing and
failure analysis.

Developments in corrosion monitoring, demonstrated by Inspection Data
Management Systems (IDMS), have progressed in tandem with the broader
evolution of plant operations and maintenance (O&M) systems. This evolu-
tion traces a path from the periodic maintenance management protocols of
early Computerized Maintenance Management Systems (CMMS) to subse-
quent advancements like Enterprise Asset Management (EAM) and Asset
Integrity Management (AIM) solutions. In this trajectory, maintenance has
ideally shifted towards data-driven predictive models, mitigating the draw-
backs of schedules that often resulted in over- or under-maintenance of
assets.

Shifting the focus of maintenance management, specifically in the realm of
corrosion monitoring, to prioritize asset health rather than merely minimiz-
ing failures can trigger a positive cultural shift. Placing asset health at the
center of operations and maintenance practices cultivates a culture where

O&M best practices are geared towards ensuring the well-being of assets.

To further move corrosion monitoring into a

More sophisticated sensors and the expertise to similar higher echelon of optimization, ultra-

install them to ensure consistently accurate and sonic sensors were installed permanently in
precise measurements, and the ability to have refineries and other facilities, but the results
scalable platforms for handling a flood of real time have been mixed, for the reasons detailed be-

asset health, are enabling a positive evolution of
improvements in corrosion monitoring.

low.
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The Challenges of Optimizing Ultrasonic
Corrosion Monitoring

It is no simple matter to convert data from ultrasonic measurements to pro-
vide reliable and accurate insights on rates of internal corrosion, especially
with the relatively low consistency and reliability of manual ultrasonic cor-

rosion monitoring inspection
processes but also with existing perma-
nently installed solutions.

Important symptoms of shortfalls in
addressing challenges include:

e Insufficient accuracy in the determi-
nation of average thickness at TMLs,
whereby the data going into the model
was not yielding consistent results.

Figure 1: Precise models and sensors are essential for ultrasonic
thickness monitoring, capturing complex changes in reflected e Low precision of the results, which
ultrasound waves caused by pipe interior corrosion.

yielded high variability above and be-
low the calculated average value.

e When corrosion thins the inner wall of a pipe, sub-optimal corrosion
monitoring solutions can be error prone and fail to detect that loss of ma-
terial accelerated since the last reading — such errors can even mistakenly
conclude that an inner pipe wall has thickened, when it has, instead,
thinned, since the last measurement, due to inaccurate input data and/or
incorrect modelling of reflected ultrasonic signals off the interior of the
thinner wall.

The outcomes associated with these shortfalls can range from minor equip-
ment outages to catastrophic failures and tend to drive higher costs and
higher levels of operational risks associated with under- or over- maintaining
assets, and sub-optimal allocation of personnel and resources, which can also
lead to regulatory, as well as operational, risks and liabilities.

The coupling between the outside of the pipe or tank, and the ultrasonic pi-
ezoelectric transducer, needs to be consistent from one measurement to the
next, and the firmness of mounting especially on small diameter piping to
avoid wobbling, also needs to not vary. Otherwise, the resulting variations
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introduced into the ultrasonic sensor’s measurements will not be sufficiently

reliable for the data to provide an accurate and precise result.

Accuracy

) Manual Measurements
Measurements with

permanently installed
systems

PROBABILITY DENSITY

Precision

True thickness Averaged measured thickness THICKNESS

Figure 2: Accuracy and Precision: Permanently installed systems vs. manual measurements.

In addition, the dynamics of corrosion are not linear, and as the inner wall
thickness is reduced by corrosion the way ultrasonic reflection patterns are
altered in ways which only the most sophisticated models can interpret cor-
rectly. And the mounting of the sensors must be aligned in a consistent and
reliable way to ensure the predictive model works well.

The goals of corrosion monitoring ideally should include enablement of ac-
curate prediction of corrosion rates and amount of metal loss, which in turn
should enable accurate determination of the remaining safe useful life of the
asset, along with the optimal related future inspection intervals. These goals
were not always met, because there are many technical and operational hur-
dles which must be addressed to avoid shortfalls.

Recent, more sophisticated implementations, involving the installation of
groups of permanent sensors, have encountered additional challenges even
after overcoming the above mentioned difficulties. These setbacks can be at-
tributed to various reasons:

e While permanent sensor installations are a key element of the needed
foundation, the ideal solution must also support automation and ad-
vanced analytics and higher quality data.
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e The models required to generate accurate insights require the installation
of more advanced sensors that correct for temperature variations,

thereby providing the needed data to determine when accelerated rates

of corrosion, or material velocity, to meet compli-

Optimizing corrosion monitoring methods and — ance requirements associated with better

workflows by leveraging AloT can drive new
safety and stewardship improvements, O&M

determination of actual asset life and safe oper-
ating parameters.

efficiencies, while also helping to reduce risks

and costs.

e If the plant operator, rather than the service

provider, is responsible for maintenance of the
sensors, after some period of time, some of the sensors that should be
replaced may not be replaced.

These pitfalls in turn have historically run in parallel with how easy it can be
to take too short-term of a viewpoint, one where operators fall prey to a “one-
off” approach. Admittedly, there may seem to be good logic behind the
temptation to focus on a few problem areas, e.g., where certain plant areas
have TML locations that are difficult or unsafe for inspectors to access. But
historically, such installations tended to suffer when there was not a compre-
hensive plan to maintain the permanent sensors because the “one-off”
project did not employ the latest sensor technologies or leverage SMEs with
robust processes to ensure the installations provide accurate insights as part
of an optimized automated, scalable approach.

Among these “lessons learned” is another kind of “one-off” pitfall where
later installations did not have the needed platform or service provider to
fully leverage more highly accurate data. There is a great deal of expertise
required to contextualize the incoming data to ensure the required levels of
input quality continue, to enable the required precision and accuracy of the
output. The desired results of an optimal system may not materialize for the

following reasons:
e Lack of use (or poor installation of) higher-quality sensors

e A compromising of the ability of the advanced analytics tools and mod-
els to deliver the highly accurate results that are needed, due to TMLs
and/or data platforms not having been optimized.

Corrosion is a complex, non-linear process, one which has negative cost, op-
erational, and/or regulatory compliance outcomes when model predictions
yield inaccurate remaining asset life predications. The safe remaining life of
a pipe or tank or pressure vessel will not be predicted accurately if less
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sophisticated models are employed, or if the sensor data is inaccurate. The
sensor must correct for temperature variations and must be coupled properly
and precisely mounted at the optimal TMLs. Otherwise, calculations of cor-
rosion rates and remaining asset life and needed repair/replace/ or
maintenance activities, will be unreliable, and create liabilities and unexpect-
edly higher O&M costs.

The ideal solution should also:
e Provide the best possible visualization tools.
e Display results on simplified and easy to use dashboards.

e Have supporting technology underlying the solution in terms of data sci-
ence and software and platform to ensure scalability and successful
lasting uptake across facilities in large scale deployments.

Why AloT is Critical for Smarter Corrosion
Monitoring

Greater value is now available from a continuous monitoring system de-
signed as part of a robust AloT-driven platform. This greater value is
important, even though insights in the past have traditionally been provided
by non-destructive testing (NDT) and non-destructive evaluation (NDE)
methods for corrosion monitoring. While traditional methods of the past pro-
vided valuable insights into the condition of materials and structures, those
methods have not been designed with a focus on asset health and overall
operational excellence but instead have been primarily focused on assessing
the current damage state of equipment, detecting corrosion, and evaluating
the remaining life of assets.

ARC Advisory Group sees next-gen developments optimizing corrosion
monitoring as part of wider trends associated with AloT Solutions, the con-
vergence of artificial intelligence and the Industrial Internet of Things (IIoT).
It is also an element of related smart safety solutions that increase safety per-

formance and resilience.

Taking an AloT perspective puts key questions which operators need to ask
themselves into sharp relief, in a way best centered around the replacement
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of prior static points of view with a deeper understanding of the moving tar-
gets that must now be addressed.

Maintenance Window to align

Maintenance Window with Planned Plant Outage
Risk
Cost of not
maintaining
Yr1 Yr2 Yr3 Yr4 Yr5 Yré Yr7 Yr8 Yr1 Yr2 Yr3 Yr4 Yr5 Yré Yr7 Yr8

Figure 3: mPACT2WO's mCluez transforms corrosion monitoring at Flint Hills
Resources, replacing manual inspections with accurate insights for data-
driven maintenance decisions and prevention of unplanned downtime.

Across the spectrum of oil and gas operations, from upstream to midstream
and downstream, Al-driven optimization of corrosion monitoring capabili-
ties is providing increasingly valuable direct and indirect benefits. The less
accurate methods of the past led to direct unnecessary costs, as well as neg-
ative operational impacts, associated with over-maintenance of assets. As a
result, it is optimal to postpone unnecessary repair/replace work which
would mistakenly have been done to close to the beginning of a maintenance
interval. Delaying repairs within the maintenance window raises the risk of
corrosion-induced leaks, unplanned outages due to minor equipment fail-
ures, or even major failures. As such, timely repairs are essential to prevent
these issues. Highly accurate data enables precise prediction of the remain-
ing operational life window, aligning it seamlessly with the appropriate

outage window for optimal planning and maintenance strategies.

Next-Gen Corrosion Monitoring with
mPACT2WO

A recent example of an AloT-driven corrosion monitoring solution is
mCluez™ from mPACT2WO, a Molex business. This AloT-driven solution
ensures better data-driven decision-making processes, by using permanently
installed monitoring systems which enable a reliable, accurate, precise, and
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automated system whose results provide accurate insights about actual wall
thicknesses and remaining asset life.

The accuracy of TML measurements using manual inspections (at 0.03”) is
vastly improved by transitioning to the higher accuracy of the latest auto-
mated sensor-enabled monitoring (at 0.001”) solutions. These solutions

provide fertile ground for significant improvements.

The mCluez solution for corrosion monitoring is being utilized at Flint Hills
Resources, where it has been helping maintenance activities to be optimized
and asset life to be extended. Flint Hills Resources is among the largest US
refiners with operations primarily in the Midwest and Texas. Along with the
mCluez solution for corrosion monitoring, Flint Hills Resources has also
been a user of the mRegz™ AirCompliance solution from mPACT2WO for
leak detection and emissions monitoring (per the May, 2023 ARC White pa-
per, Al-Driven Leak Detection Trends).

Recommendations

ARC Adpvisory Group sees recent AloT-driven improvements in corrosion
monitoring as a valuable “win/win” opportunity when implemented in an
operator-centric way. Projects which take an “operator first” approach will
provide a solid foundation for success, where these new capabilities are em-
braced with a sense of ownership rather than being viewed as having been
imposed externally with lack of solid buy-in.

Scalable and lasting benefits realization depends upon maintenance of best
practices from the start. This is best achieved by working with a solution pro-
vider who is qualified from a people, process, and technology point of view.
By having a trusted partner relationship with the solution provider, the
needed depth of collaborations can be leveraged.

Collaborations enable optimal selection of TMLs, and installation of sensors
to help ensure the resulting implementation is founded on reliable infor-
mation to inform decisions about the best actions to take to prevent or
minimize the damage caused by corrosion. Such implementations also facil-
itate automation of data-driven workflows which form the basis for optimal
asset management, operational excellence, and ongoing improvements in

safety, cost, compliance, and maintenance management performance.
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Acronym Reference:

AIM Asset Integrity Management
AIoT Artificial Intelligence of Things
CML Condition Monitoring Location
IDMS Inspection Data Management Systems
ITIoT Industrial Internet of Things

IT Information Technology

LDAR Leak Detection and Repair
LDSN Leak Detection Sensor Network
NDT Non-Destructive Testing

NDE Non-Destructive Evaluation

oT Operations Technology

TML Thickness Monitoring Location
uT Ultrasonic Testing

Founded in 1986, ARC Advisory Group is the leading technology research and advisory firm for industry, infrastructure, and
cities. ARC stands apart due to our in-depth coverage of information technologies (IT), operational technologies (OT), engi-
neering technologies (ET), and associated business trends. Our analysts and consultants have the industry knowledge and first-
hand experience to help our clients find the best answers to the complex business issues facing organizations today. We provide
technology supplier clients with strategic market research and help end user clients develop appropriate adoption strategies
and evaluate and select the best technology solutions for their needs.

All information in this report is proprietary to and copyrighted by ARC. No part of it may be reproduced without prior permis-
sion from ARC. This research has been sponsored in part by Molex. However, the opinions expressed by ARC in this paper are
based on ARC's independent analysis.

You can take advantage of ARC's extensive ongoing research plus the experience of our staff members through our Advisory
Services. ARC'’s Advisory Services are specifically designed for executives responsible for developing strategies and directions
for their organizations. For membership information, please call, write to, or visit our website:

ARC Advisory Group, Three Allied Drive, Dedham, MA 02026 USA - 781-471-1000 « www.arcweb.com
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