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Executive Summary
Background

Low pressure cryogenic storage vessels are routinely left in service for long periods of time without
examination of the internal surfaces. This approach to examination is being considered and applied
for pressure vessels storing other products at warmer temperatures, but where the ‘service’ may also
be declared ‘clean and non-corrosive’. However, there is a need to establish the circumstances where
intervals between internal examinations could be justifiably extended on the basis of a risk-based
inspection (RBI) assessment, especially when the consequences of failure would be high.

With this in mind, the UK Health and Safety Executive asked TWI to examine these issues with a view
of determining good practice from its own insights, those of leading companies in the field, and the
experience of other regulatory regimes. The aim is to develop guidelines by which the User’s criteria
for deciding to extend internal examination intervals (whether or not these are also supplemented by
non-invasive inspection) may be audited by HSE inspectors. The work is also expected to be useful to
operators of process plant at high hazard sites and to third party inspection organisations.

Objective

The objective of this report is to give guidelines based on current best practice by which the User’s
criteria for deciding the requirements for internal examination for high hazard process plant may be
audited by HSE inspectors.

Work Carried Out

A series of visits was made to UK companies known to be progressive in the application of RBI
assessment to establish their approach to drawing up written schemes of examination. Discussions
were held with three oil refineries with different feed and product streams, two sites manufacturing
ethylene in different ways, a leading engineering consultancy dealing with operators of different sizes
manufacturing a wide range of chemicals, as well as a large pharmaceutical company, and also an
engineering insurer that acts as a third party inspectorate for a wide range of companies not limited to
petrochemicals and pressure plant. The main justifications for extending internal examination intervals
were established, and additional safeguards and organisation and management aspects discussed.
These include the role of non-invasive and opportunistic inspection, product and process monitoring,
and the management of change, particularly when equipment is exposed to conditions or
environments beyond its design basis. The findings from these visits, and other research and
consultations, were drawn together to develop a six stage process for deciding internal examination
requirements for high hazard process plant.

Conclusions

The rigour of justification needed to extend the intervals between internal examinations depends on
the scale of the potential failure consequences, and there may be some very high hazard situations
where it would be difficult for this approach ever to be tenable. Conversely, it might be possible to
apply some of the philosophy of this report to equipment with a predictable and slow rate of
degradation if equipment integrity would not be compromised before the next internal inspection
(although this report and its findings have been written with equipment with no active degradation
mechanisms in mind).

Where an approach to extending inspection intervals is acceptable, the primary justification for
changing the requirements for internal examination is a RBI assessment demonstrating the absence
of internal degradation mechanisms and a clean, non-corrosive environment with controlled service
conditions. Even where the technical justification is robust, the suitability of the written scheme
depends on adherence to the service limits defined for the validity of the RBI assessment, and
avoiding circumstances which would exceed that validity range.

A decision to extend examination intervals should be supported by sufficient non-invasive inspection,
and/or by employing process/product monitoring and other safeguards. The written scheme should be
reviewed at appropriate intervals in the light of operating experience and world knowledge, as well as
in response to any change to the expected service conditions. The opportunity for internal
examination whenever equipment is opened should be taken, and it may be prudent to carry out an
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invasive internal inspection every ten years (for example) as a safety net. A pro-active live company
culture to the reporting and management of change, good communications between the operations
and integrity management teams, supported by a comprehensive information management system of
the operational history of equipment, are seen as being particularly important to sustain the
justification.

Maintaining the depth of experience and level of competency required to make sound RBI
assessments is a major challenge for companies. While the large multi-national companies are able to
share experience across their operating sites with similar processes and equipment, smaller
organisations can access the same level of expertise and knowledge through appropriate consultancy
and professional activity. The need for staying up to date with new developments was widely
recognised, and there are important roles for the HSE, trades bodies and professional institutions.

* Include people with all the required knowledge,
Form RBI team L ) experience and competencies to carry out risk-
based inspection (RBI)

* Analysis of all possible damage mechanisms
* Combination of process fluids and containment
No active internal material is stable and inert
degradation — | « Good quality (documented) fabrication
* Known (documented) operating/inspection
history of vessel or equivalent vessel(s)

* Set written scheme of examination (WSE) with
review date
Justify WSE » Set operating/process limits for policy validity
L » within a risk-based management (RBM)
framework
* Reduce the risk as low as reasonably practical
(ALARP)

requirements

* Non-invasive inspection and maintenance

* In-service monitoring of process, pressure and
temperature etc

e Periodic reviews of written scheme and
inspection policy

e Opportunistic examinations policy

Adequate safeguards
and compensating —>
measures

* Good knowledge of RBI process settings
Management of * Reactive .to equipment modification or
change policy . changes in product
* Live process i.e. fast response to upset or
abnormal conditions

* Peer review and audit of management and
Organisational and operating procedures

management aspects > . Maintaining awareness from world experience

e Sustaining the competencies of the RBI team

Overview of process to decide internal examination requirements



Introduction and Objective

Some companies operating high hazard pressure equipment are deciding the requirements
for examination of the internal condition of process vessels using a risk-based inspection
(RBI) assessment. Where such an assessment finds that there are no active internal
degradation mechanisms reasonably foreseeable, and that the risk of failure is low, it may
be concluded that there is no requirement to open the vessel for internal examination
pending other conditions and a further RBI assessment at a later date. Such practices are
common in cryogenic gas storage facilities (e.g. LNG), considered to be in ‘clean and non-
corrosive service’. The approach is now being applied to other categories of process vessel
containing other products, which have traditionally had regular internal examination, with
the result that intervals between internal examinations may be extended, or the equipment
examined using remote visual inspection or a non-invasive inspection regime.

There will always be some degree of uncertainty with regard to any prediction of no
degradation, and even a limited inspection may be prudent where the consequences of
failure are very high. There is thus a need to establish the circumstances where extended
internal examination intervals within the written scheme of examination may be justified
subject to routine review (whether or not this is supplemented by non-invasive
examination). The possibility of conditions outside the normal design basis needs to be
considered and appropriately safeguarded. The robustness of the process of risk-based
inspection assessment and the responsive and pro-active management of the facilities are
key aspects upon which these decisions depend.

With this in mind, the UK Health and Safety Executive (HSE) asked TWI to examine these
issues with a view of determining good practice from its own insights, those of leading
companies in the field, and the experience of other regulatory regimes. The aim of the work
is to develop some guidelines by which the User’s criteria for deciding to extend internal
examination intervals (whether or not these are also supplemented by non-invasive
inspection) may be audited by HSE inspectors. The work is also expected to be useful to
operators of process plant and user inspectorates at high hazard sites and to third party
inspection organisations. There is also an audit tool (Appendix A) that will help HSE
inspectors and companies evaluate how well the justification is being implemented.

It is important to ensure that the conditions for the extension of internal examination
intervals are clarified, and that those vessels where there is a reasonably foreseeable risk
of internal degradation, or the lack of sufficient knowledge or expertise to assess the risk,
continue to be internally examined.



Survey of RBI Approaches at UK High Hazard Sites

In order to find out how leading companies operating at high hazard sites in the UK were
approaching the issue of internal examination of process vessels, a series of visits were
made during 2008. Visits were made to companies that were known to have a progressive
approach to RBI and operations, and which were actively involved in the inspection
planning of equipment in the production of a wide range of products and chemicals.
Discussions were held with three oil refineries with different feed and product streams, and
two sites manufacturing ethylene via different routes. In addition, a leading engineering
consultancy dealing with operators of different sizes manufacturing a wide range of organic
and inorganic chemicals was consulted, as well as a large pharmaceutical company, and
also an engineering insurer that acts as a third party inspectorate for many large and small
companies not limited to petrochemicals and pressure plant.

The visits established the approach that was being used to implement RBI and to draw up
written schemes of examination in each case. Where equipment had been given an
extended interval between internal examinations, the type of product and equipment, and
the process by which this decision had been reached, were determined. Safeguards,
including the management of change and the monitoring and the treatment of occasions
when equipment was subject to conditions or environments beyond its design basis, were
discussed. The company’s internal management and auditing, communications between
operations and engineering, and its technical expertise and corporate knowledge and
access to world experience and data were considered, as these are relevant to the decision
making process and its validation.

The companies visited were all using a multi-disciplinary team and reported that a depth of
experience and resource was necessary to make assessments for equipment holding high
hazard product upon which written schemes of examination could be based. The five
petrochemical operating companies had constituted user inspectorates with strong day to
day links with their equipment and its continuous production process. The pharmaceutical
company carried out batch production processing, with part of the company qualified as a
user-inspectorate, and part using third parties. The regularity of interactions between client
companies and their third party inspectorates (such as the engineering consultancy or the
engineering insurer) varied. It was generally more difficult for the third parties to maintain
close links with the equipment unless they had a regular on-site presence, but when this
happened, a good relationship with the client, equipment and operations was possible.

It is clear that attitudes in the leading companies have moved away from ‘internal
examination is always necessary’ towards ‘what inspection is necessary, effective and
reasonable to control the risk for a given time’. Internal and external examinations are often
not separated - both invasive and non-invasive inspection are considered on the basis of
need, potential benefits and reasonableness to control the risk within an integrated
inspection and operations strategy.

As a result it is clear that there is an increasing amount of equipment where intervals
between internal examinations are being extended subject to periodic review. Even so, the
amount of equipment currently operating without internal examination beyond ten or twelve
years, or with that intention, is judged to be relatively small as a proportion of the total. This
may reflect the choice of businesses visited for this project. Reasons that were cited for
continuing with internal examination within a ten year period included the need to enter
vessels for other reasons, the current APl 510 code of practice, and using a conservative
approach. Equipment where there was no specific intention to enter for internal examination
was generally containing a stable stream of pure clean non-corrosive product where there
was no reason to enter for other purposes.

All companies stressed that it was necessary to reassess the need for internal examination
as part of a periodic review of the written scheme of examination. The idea of an indefinite
interval for internal examination and a permanently non-invasive written scheme of
examination for equipment containing high hazard product was not held and would be
considered bad practice. However, by reviewing the written scheme in the light of on-going



operating and world experience at appropriate intervals, internal examination can, in
practice, be postponed for an indefinite period for some equipment where the written
scheme specifies a non-invasive regime only. Those we spoke to justified their decisions to
extend internal examination intervals from having a thorough knowledge of the equipment,
materials, product and operating conditions, and from having adequate safeguards in place
to compensate for not internally inspecting vessels. These are the themes that are
expanded further in the main technical chapters of this report.

The companies that were visited highlighted the importance of having in-depth technical
knowledge of the equipment, materials, process and the product, and the potential for
interaction. The management of corporate knowledge, process and equipment change and
conditions beyond the design basis were seen as major challenges to maintaining the
integrity and validity of risk-based inspection. Here there was variation between the
companies in the degree of formality by which these processes were controlled and level of
responsiveness.

The need and benefit of staying connected with world knowledge through industry
meetings, conferences etc, was widely recognised. Nevertheless, obstacles to achieving
this were the limitations of time pressure for attending events, and the remoteness of some
industrial sites to seminar locations. The large multi-national companies were able to share
experience rapidly across their operating sites with similar processes and equipment. While
a large organisation has potential advantages, there is no reason why a smaller
organisation cannot access the same level of expertise and knowledge through appropriate
consultancy and professional activity.



What is the Scope?
Equipment considered

Equipment that might be considered for extending the internal examination interval would
be expected to be that in ‘clean non-corrosive service’. This means equipment that is not
expected to suffer from internal degradation mechanisms over time in normal service or
from transient events within the design basis. It is equipment where the product is
continuously contained such that water or other impurities cannot reside in the system.
Nevertheless, it can still be possible for degradation to occur sometimes in non-corrosive
systems due to pressure cycling causing fatigue, or where turbulent flow or high flow
velocities cause erosion damage, which would place such equipment beyond the intended
scope of this report.

The kinds of equipment that this report considers are pressure vessels that fall under the
Pressure Systems Safety Regulations 2000 (PSSR, 2000), which would normally be
candidates for internal examination. Such pressure vessels might include those used for
storage and processing liquids and gaseous chemicals, heat exchangers and distillation
columns. It cannot be envisaged that boilers and other types of water heating equipment
would fall within the scope of this report, since it would be difficult to justify that the service
was always clean and non-corrosive. Provided that the internal over-pressure relative to the
external atmosphere is maintained, the chances of water, oxygen or other impurities
entering the vessel from outside are very much reduced. Where equipment is
depressurised to atmospheric pressure or below, it is important to be certain that leakage
into the system will not occur. A basic condition is that the equipment should be properly
leak-tight while in service.

Where any active degradation (such as wall thinning, stress corrosion or fatigue cracking)
might occur, regular internal examination is usually the main method to ensure on-going
structural integrity, and industry is confident in this approach for actively degrading
equipment. Good knowledge of a predictable and slow rate of degradation might allow an
extended inspection interval to be set provided that the equipment integrity would not be
expected to be compromised before the next inspection. Some of the philosophy of this
report may be applicable in those circumstances. However, this report and its findings and
recommendations have been written with equipment where there are shown to be no active
degradation mechanisms in mind.

Many of the principles involved in justifying extended internal examination intervals could
also be applied to non-PSSR containment equipment falling under the Control of Major
Accident Hazards Regulations 1999 (COMAH, 1999), such as atmospheric storage tanks
holding flammable products. Again, this report has not been written with these kinds of
equipment predominantly in mind. Under COMAH Regulation 4 there is a duty to take all
measures necessary to prevent a major accident hazard, such as establishing an
inspection regime and a documented scheme of inspection (although, unlike PSSR, there is
no prescriptive requirement for a written scheme of examination, it could be considered a
‘necessary measure’). Tanks can suffer failure modes that would not be relevant to PSSR,
for instance, a pinhole leak that releases a highly toxic material. This major accident may
not give rise to danger in terms of release of stored energy but would need to be prevented
nonetheless, so the inspection regime must take measures to prevent such failure modes in
order to meet COMAH Regulation 4 requirements. Tanks that are opened to the
atmosphere are more likely to suffer from water ingress and hence corrosion, and the
potential for the ingress of water from filling or emptying the tank also needs consideration,
which may mean that regular internal examination is still essential.

The scope of the equipment considered in this report excludes process piping and
pipelines, mainly because internal examination of small diameter piping and pipelines is
often not practicable. Where these are inspected, reliance is generally placed on external
examinations (pipework inspection data may possibly be useful as discussed in
Section 4.6).
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While there is no specific restriction on the materials that equipment might be made from in
order to apply the principles outlined here, this report has primarily been written with carbon
and low alloy, and corrosion resistant alloy (stainless and duplex) steels in mind. The key
factor is the level of experience and knowledge of the material-product-service combination.
Under suitable circumstances the principles could also be applied to vessels and tanks
made from non-ferrous metals such as copper or titanium, polymer or composite materials,
or equipment with a lining, coating or cladding over the substrate.

If internal examination is not deemed to be necessary, or only required on an extended
interval, then suitable external access to equipment will be required so that non-invasive
inspection can be carried out between or instead of internal examinations to help verify any
assumptions made. If equipment is inaccessible from the outside and external non-invasive
inspection cannot be used, then internal examination may remain an important part of the
written scheme.

Types of product

Industrial chemical products can be divided in the two broad categories of organic and
inorganic chemicals. Inorganic chemicals include elements, acids, alkalis, salts, and other
chemicals that are usually in aqueous form. Organic chemicals are hydrocarbon based.
Pharmaceutical companies may process both organic and inorganic products. There is no
reason why the approach to internal examination outlined in this report cannot be applied to
both classes, but the application to inorganic chemicals may be more difficult where there
are more potential degradation mechanisms.

There are a wide range of organic chemicals that are produced in UK petrochemical plants.
They range from gaseous products such as low carbon alkanes (methane, ethane,
propane, butane etc) or alkenes (ethylene etc), through to light hydrocarbons, which may
be miscible with water (e.g. alcohols such as ethanol or glycol) or not (such as the
constituents of petrol, or kerosene), and also more complex products such as aromatic
hydrocarbons (e.g. benzene, toluene, or phenol), cycloalkanes, and heavier fuel oils. Some
of the organic products that do not mix with water are heavier than water, but others will be
lighter than water. This is important for considerations of water contamination of organic
products, and where the water would potentially collect (either dissolved in the product,
floating above, or pooling underneath).

The kinds of clean non-corrosive chemicals under consideration in this report are mainly the
range of organic chemicals. In their pure forms these tend to be non-corrosive. However,
not all organic products would be considered non-corrosive, for example organic acids.

Many inorganic (and organic) chemicals that are considered corrosive are stored under
conditions where they do not corrode, i.e. very pure chemicals stored within vessels made
of suitable containment materials. In these ‘non-corrosive’ systems, where there are no
expected degradation mechanisms, the same approach that is outlined in this report can
also be applied. However, the threat of corrosion from even minor contamination with water
or other impurities may be significantly higher for some inorganic chemicals, such as in the
case of concentrated acids. These types of products therefore need careful consideration
when using RBI to set inspection strategies

Environmental degradation mechanisms
‘Clean non-corrosive service’

‘Clean non corrosive service’ means product that is free from impurities beyond carefully
controlled lower limits and its contact with the materials of the equipment is not expected to
create any environmental degradation mechanisms. A corrosion risk assessment will
determine the risk(s) that any of a number of kinds of corrosion could occur, including (but
not limited to):

¢ General corrosion.
e Local corrosion.
¢ Galvanic corrosion.
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* Pitting.

* Erosion.

* Preferential corrosion or cracking of welds.

¢ Damage to lining or cracking under the lining.

* Cracking at or near nozzles or internal fittings.

e Stress corrosion cracking (SCC).

e Hydrogen damage (such as blistering or stepwise cracking).
* Corrosion fatigue.

* Damage to seals, flange gaskets or flange faces.

¢ Damage to internals.

A corrosion risk assessment requires an adequate level of expertise in corrosion chemistry
and metallurgy. Industry guidance on the conditions required for degradation mechanisms
to occur is published by NACE (NACE, 2002) and API (API 571, 2003).

A product can be a single chemical compound to which a corrosion risk assessment can be
applied. Where a product is comprised of a mixture, solution or combination of more than
one compound this may be more difficult to assess as the effects of any interactions and
relative composition must be considered. Where the product composition is variable or
uncertain, such as where chemical reactions are taking place, or where the chemical
structure is complex or uncertain, the corrosion risk assessment becomes very difficult, and
it may then not be possible to apply risk-based inspection principles to setting internal
examination requirements.

If there are no identified corrosion mechanisms and it can be confirmed that nothing other
than the specified product within the operational pressure and temperature ranges would
ever be contained in the vessels, then high confidence can be taken that no environmental
degradation will occur. However, what happens if something changes or goes wrong?
Some of the main considerations are discussed below.

Water

The most likely contamination of a clean product is from water. This can be from the
production process, leaks in steam heating or water cooling systems, moisture ingress from
air as the product is removed from storage, from washing/steam cleaning during outage, or
possibly as a result of degradation of the product. Pressurised products such as LPG are
less likely to suffer moisture ingress since the product boils off and fills the inter-space, and
so air is not flowing into the vessel.

The risk from atmospheric water entering the system is that it will contain oxygen or salt,
which can result in corrosion (i.e. rusting), cracking or pitting of ferrous equipment. For
equipment where water could be present and collect at the bottom of the vessel, the inside
surface of the vessel is often coated in epoxy or painted. Sometimes storage vessels are
designed so as to allow water to be drawn off where it is likely to accumulate, for example
by including cylindrical projections at the bottom of the vessel. Any water drawn off can be
measured and analysed.

It can be difficult to use product analysis to determine whether the level of oxygen in
contaminant water is sufficient to cause corrosion because only ten parts per billion of
oxygen is sufficient, and the oxygen is removed from the water as corrosion occurs as it
becomes bound into the corrosion product. When a product is contaminated with water then
it is a reasonable assumption that there will oxygen present too. Testing for dissolved iron
in the water may be a better way to analyse for the risk of corrosion.

Contamination from other types of chemicals is likely to be more severe than water alone,
but this may be easier to detect through product and process monitoring. Any unexpected
contamination is likely to take the equipment outside the bounds of the risk-based
management assessment and would probably require a formal re-assessment of the need
for internal examination.
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Biological attack

Where water ingress can occur it is also necessary to consider the risk of biological
contamination. Bacteria and other biological agents can decompose the product or vessel
shell material, and may produce corrosive chemicals such as sulphides, which are formed
in anaerobic conditions. These bacteria are known as sulphate reducing bacteria (SRB),
and this corrosion in general is known as microbially induced corrosion (MIC).

Ethanol stress corrosion cracking

Stress corrosion cracking in carbon steel in contact with fuel-grade ethanol has been
reported in a number of end-user facilities in the US since the 1990s (APl 939-D, 2007).
Equipment reported to have suffered SCC includes storage tanks and transport piping. No
incidents of SCC have been reported either in the ethanol manufacturing plant or in
equipment carrying the ethanol after it has been blended with other fuels.

Unlike other kinds of stress corrosion cracking, so far, no clear understanding of the exact
cause or causes of the ethanol SCC mechanism has been identified. However research,
reported by API, has shown that some environment factors increase the risk of SCC in fuel-
grade ethanol, such as the presence of water, chloride and air (API 939-D, 2007).
Examples of reported failures were mostly near welds and stress concentration regions
which would indicate that residual stress also plays an important part in the SCC
mechanism.

It is not clear whether similar incidents of SCC in carbon steel equipment used to store and
transport fuel-grade ethanol have occurred in the UK, since very little information can be
found. It is likely that failures by this mechanism are not a common occurrence, and it is not
clear whether it occurs at all in the UK. One possible explanation for this could be due to
the fact that the UK produces a relatively small amount of fuel-grade ethanol as compared
to the US and therefore less is transported and stored. In addition, the fuel-grade ethanol
produced in the US is made from corn, whilst in the UK it is mainly made from wheat and
sugar beet. However there is no clear evidence to suggest that SCC is less likely to develop
in fuel-grade ethanol made from other sources as compared to that produced from corn.
This damage mechanism is therefore the subject of ongoing research, but is an example of
a potential degradation mechanism for a nominally ‘non-corrosive’ product.

Effects of loading, stress and temperature
Loading and stress

In extending the principles of internal examination requirements established for cryogenic
storage vessels to a wider range of more highly pressurised equipment, due account needs
to be taken of the effects of the modes of loading, stress and temperature. On its own,
constant stress within the limits prescribed by recognised modern design codes, can be
sustained in metallic materials for very long periods of time without causing physical
degradation. A prerequisite for extending internal examination intervals is that there is
evidence that the equipment meets the stress and minimum thickness criteria of the design
code, and, where there are features or modes of loading not covered by the code, that
these are covered by a suitable stress analysis (such as a fatigue assessment) and
assessment against code limits.

While equipment is in service it is important that the stress analysis is kept under review for
modes of loading occurring as a result of operational changes that may not have been
considered in design. For example, changes in pipework design or temperature can alter
the loads on vessel nozzles. Changing the temperature can increase the susceptibility to
stress corrosion cracking. Subsidence in foundations or other changes to the support or
structure attachments can change the distribution of external loads. Changes in product
density or volume can affect loads due to weight of contents. Sources of excessive
plasticity or high stress that would cause deformation or cracking of susceptible materials
and welds need to be avoided, and if they occur may be a reason for internal examination.
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3.5

Fatigue

Equipment may have been designed for ‘static’ service because it was not expected to see
sufficient cycles of duty (such as emptying and re-filling) for a fatigue assessment to be
considered necessary. However, over the course of service the number of cycles needs to
be monitored in order to identify when (or if) fatigue subsequently needs to be considered.
This inevitably becomes more of an issue towards the end of design life.

Justification of longer internal inspection intervals therefore requires consideration of
fatigue, and if appropriate, a fatigue analysis. It is important to assess the class of weld
detail design and manufacturing quality of the welds as these aspects can significantly
affect fatigue life. The effects of temperature differences and transients also need to be
considered for equipment not operating at ambient temperature, and also flow turbulence
and vibrations of attachments may be contributing to fatigue. It should be remembered that
when fatigue occurs in the presence of a corrosive environment, the fatigue life can be
reduced when compared to fatigue in air.

High and low temperature service

Where equipment maintained at a sufficiently high or low temperature is dry, the absence of
water makes aqueous corrosion less likely unless the equipment is raised (or cooled) to
around ambient temperature, however, some types of corrosion may be exacerbated by
operating under warmer conditions. There may, however, be other degradation
mechanisms to consider for high or fluctuating temperature equipment, such as thermal
fatigue, thermal ageing and creep damage. Where these are present it may be difficult to
apply the principles for extending internal examination intervals.

The possibility of fatigue crack initiation and crack growth due to varying thermal stresses
and pressure is also a factor for low or high temperature equipment. Internal examination of
manufacturing weld quality, searching for subsidiary cleavage and growth of small defects
may be important where there is potential for brittle fracture or low temperature transients.

What is included in equipment’s ‘service’ life?

When a risk-based management (RBM) assessment is used to justify extended intervals
without internal examination, all the possible states that the equipment will see in that
period must be considered within ‘service’ (definitions of RBM compared to RBI are
discussed in Appendix B.8). This means that not just when the vessel is full of product, but
also when the equipment is partially full or empty on outage or shut down. It might also
include when the vessel is being cleaned if that occurs during the expected service. The
assumed ‘service’ for equipment under assessment needs to be precisely defined, so that it
is clear when equipment has gone outside the expected service conditions, and where the
RBM becomes invalid.



Justification for Extended Intervals
Overall approach

Making a case for extending the intervals between internal examinations (with or without
adopting non-invasive inspection), requires a rigorous justification based on technical
knowledge and experience, supported by safeguards and compensating measures where
appropriate, and underwritten by necessary organisational attributes and management
procedures. The technical justification is addressed in this section, while safeguards and
compensating measures are covered in Section 5 and organisational and management
aspects in Section 6. An Audit Tool to assist with this judgement is given in Appendix A.
The total approach requires all three legs of the justification in order to be effective.

When reviewing the requirements for internal examination, the fundamental principle of the
Health and Safety at Work Act of reducing risk ‘so far as is reasonably practicable’
(SFAIRP) applies. This principle is sometimes referred to as reducing risk ‘as low as
reasonably practicable’ (ALARP). For high hazard applications subject to COMAH
regulations a duty to take all measures necessary to prevent major accidents also exists.
The justification therefore has to be based on a comprehensive review of the health and
safety implications and sacrifices of carrying out internal inspection in relation to the
benefits in terms of risk reduction that would be obtained. The key questions are:

1 What are the hazards and risks associated with equipment failure if a degradation
mechanism goes undetected — does the risk profile reside in the acceptable, ALARP or
unacceptable region?

2 What is the extent and likelihood to which internal examination would increase
knowledge, validate assumptions, reduce uncertainty, and detect an unsafe condition?

3 What are the hazards and risks to both inspectors and equipment in shutting down and
opening equipment, and from the activity of internal examination itself?

4 To what extent is shutting down and opening equipment for internal examination
reasonably practicable (and cost effective) in relation to the potential reduction in risk?

The rigour of a justification for extension of the intervals between internal examinations
depends on the scale of the potential failure consequences, and there may be some very
high hazard situations where it would be difficult for this approach ever to be tenable. In
assessing tenability of the approach, the key criteria are the stability of the process, the
quality of the management, the extent of the perceived residual uncertainty, and the rigour
to which the risk assessment is maintained and unlikely scenarios foreseen. Where the
consequences of failure are very high, there may be grounds for a non-targeted internal
examination after a given interval, or when an opportunity arises, in order to verify the
equipment condition even though no active degradation mechanisms have been identified.

The primary justification for setting extended internal inspection intervals relies upon a risk-
based inspection (RBI) assessment to demonstrate the absence of active degradation
mechanisms. The RBI assessment should also include considerations of the consequences
of failure, particularly where operating experience is limited. A possible strategy towards
increasing internal examination is using a stepwise approach that progressively extends the
intervals until very long term mechanisms become a possibility or the equipment is removed
from service.

Carrying out inspections does not prevent degradation occurring - it only increases the
amount of knowledge and reduces error bands. The information gathered and its accuracy
depends on the reliability of the inspection technique, which will influence the choice of
inspection interval; a highly reliable inspection may be applied less frequently than a less
reliable one. Non-invasive inspection may be a reliable safeguard in situations when
internal entry is avoided to give additional confidence that there is no active internal
degradation, particularly when the inspector considers there to be high consequences of



failure. This could either be imaging the internal surfaces from the outside, or using remote
visual examination of the inside.

An overview of the process to decide internal examination requirements is shown in the
following diagram.

* Include people with all the required knowledge,
Form RBI team L » experience and competencies to carry out risk-
based inspection (RBI)

* Analysis of all possible damage mechanisms
* Combination of process fluids and containment
No active internal material is stable and inert
degradation —®» + Good quality (documented) fabrication
* Known (documented) operating/inspection
history of vessel or equivalent vessel(s)

* Set written scheme of examination (WSE) with
review date

Justify WSE * Set operating/process limits for policy validity

requirements — within a risk-based management (RBM)
framework

* Reduce the risk as low as reasonably practical
(ALARP)

* Non-invasive inspection and maintenance

* In-service monitoring of process, pressure and
temperature etc

e Periodic reviews of written scheme and
inspection policy

e Opportunistic examinations policy

Adequate safeguards
and compensating ‘ >
measures

* Good knowledge of RBI process settings

Management of * Reactive to equipment modification or
h i —— changes in product

change policy * Live process i.e. fast response to upset or

abnormal conditions

* Peer review and audit of management and
Organisational and operating procedures

management aspects > . Maintaining awareness from world experience

e Sustaining the competencies of the RBI team

Overview of process to decide internal examination requirements

The transition to extending intervals between internal examinations, or to non-invasive
inspection, needs to conform to the requirements of PSSR 2000 (and/or COMAH). These
requirements are considered in Section 6.3. It should be noted here that while a written
scheme of examination may be reviewed and modified at any stage, full implementation of
a modified scheme in respect of the nature, scope and frequency of examination can only
be made after the next scheduled examination in the last written examination report has
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been carried out and the results assessed. Thereafter, the RBI assessment and written
scheme should be reviewed at regular intervals even when no examination is scheduled.

In summary, when a RBI assessment demonstrates no internal degradation, then a written
scheme that specifies extended internal examination intervals or an inspection regime
based on periodic non-invasive techniques may be justified where such an approach is
tenable with regard to potential failure consequences. The technical basis for the decision
must be robust, and sufficient non-invasive inspection or other adequate safeguards must
be employed. The justification should be conditional on the RBI assessment being reviewed
at regular intervals as part of the review of the written scheme of examination, and there
being a robust management policy in place to review the justification in the event of a
change to expected conditions or new knowledge.

It should be noted there will be some very high hazard situations where this approach is
unlikely ever to be justifiable, because of the potential failure consequences and the need
to take all measures necessary to secure equipment integrity, which may include
precautionary internal inspection requirements.

RBI assessment to show absence of internal degradation mechanisms

The first step in reviewing the internal examination requirements is a risk-based inspection
(RBI) assessment. The aim is to ensure that there is no active degradation occurring inside
the vessel. All possible degradation mechanisms need to be considered as part of the RBI
assessment (see Sections 3.3, 6.2, 7.1 and B.8). The window of safe operating conditions
needs to be set such that no degradation will occur.

Risk-based inspection assessment is a team activity involving people from different
disciplines with relevant knowledge. In a fairly formal, structured and considered manner,
the team analyses the context of the equipment, tests its data and underlying assumptions,
and applies its collective expertise and experience to draw conclusions. The key steps in
the process are to:

1 Understand the design and the material grades of construction of the vessel.

2 Determine the composition and chemistry of the product being contained, including any
variations and the maximum level of impurities permitted, to the required level of
accuracy.

3 Set a window of RBM valid safe operating limits (temperatures, pressure, flow, cycles),
including any reasonably foreseeable transients, upset, fault or unusual conditions.

4 Use technical knowledge, local and world experience to conclude the absence of
internal degradation mechanisms for the combination of containment materials, product,
loading and environment considered under 1 to 3 above.

This justification does not solely mean that this may be applied to storage of inherently non-
corrosive product (i.e. clean, dry hydrocarbons), but also combinations of product and
containment materials that are stable and non-corrosive, such as concentrated nitric or
phosphoric acid stored in stainless steel vessels, or hydrofluoric acid stored in plastic
vessels. The materials and corrosion expert on the RBI team needs to have a good
understanding of these kinds of issues for the products they are responsible for.

Previous inspection records

Further confidence that the equipment does not indeed show any internal degradation may
be taken from the records of previous internal examinations where these reports show that
no degradation has been found to occur over a period of time (for example, two or three
turnaround or outage cycles). Clearly the time period must be long enough for the
possibility of longer term mechanisms to become evident. Where this kind of inspection
history is not available, for example newer equipment, then more limited support might be
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taken from inspections of equipment in equivalent service or from the first thorough
examination after entering service, as explained in the next two sections.

Developing a justification based on previous inspection records can be difficult for third
party inspectorates where customers may employ a different inspectorate every few years.
This can hinder efforts to develop expertise through familiarity with inspection history and
plant-specific issues and presents a challenge to duty holders with respect to management
of, and effective use of, such corporate knowledge. Indeed, a change in the 3rd party
inspectorate (or other members of the RBI team) could be considered as a trigger for the
Management of Change procedure (see Section 6.4).

Whilst inspection records belong to the duty holder, some organisations may rely on the 3rd
party to manage these records. As a result the duty holder may not recognise them as an
important aspect for justifying on-going integrity. Sometimes long serving 3rd party
inspectorates develop symbiotic relationships with their customers, and in these
circumstances it may be easier to identify an appropriate inspection regime.

Fabrication quality and first thorough examination

Extending the intervals for internal examination is expected to be primarily a consideration
for vessels established in service. Additional confidence for justifying extending inspection
intervals can come from information about the fabrication of the vessel and in particular
from its first (or first few) thorough examination(s) after entering service.

If a vessel has been fabricated or welded to a high quality level and the manufacturing
examination records show that there are very few welding flaws and fabrication defects
present, then there are fewer potential sites for fatigue or corrosion to initiate. This gives
more confidence in applying longer internal examination intervals. The quality of the root
bead of single sided welds is particularly important, which should be free from undercut,
lack of fusion and other significant root defects.

For equipment in clean, non-corrosive service, gathering inspection data from a thorough
examination after 2 or 3 years service can confirm a RBI assessment made at start of life
by showing that there are no unanticipated deterioration mechanisms (such as hydrogen
blistering, corrosion and/or cracking such as stress corrosion cracking or fatigue). Where
this information is available it underpins the RBI assessment that the interval to the next
examination can be extended where operating conditions are stable, subject to intermediate
review. A sensible approach would be to extend the inspection intervals in stages to
develop a good operating history in order to eventually support a longer extended interval,
such as 10-12 years (see also Section 6.3). This means that shorter intervals are retained
whilst there is some doubt over the baseline assumptions until these are proven by a longer
inspection history. Where there is less experience of the process, or more variability of
operating conditions, a more moderate increase in the interval would be prudent.

There may be differences between the internal examination requirements for new and older
equipment. For older equipment there may be less certainty about its operation history, and
it may also have been fabricated to lower quality standards than similar modern equipment
(HSE, 2006). Nonetheless, older equipment may have the benefit of more service life and
examinations which could provide good evidence for absence of degradation and thereby
give the extra confidence necessary for justifying extended internal examination periods.

Experience of equivalent service

Supporting evidence to underpin an RBI assessment may include evidence of the lack of
degradation of similar equipment operating elsewhere under equivalent service conditions.
This approach requires sufficient evidence to show that the two (or more) pieces of
equipment and their manufacturing and service histories, operating environments and
locations can be considered equivalent. Equivalent equipment means substantially the
same function, design, geometry, materials and fabrication, while equivalent service means
substantially the same chemistry, fractions and phases of the vessel contents, process
type, flow rates and temperatures.
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The assumption of equivalent equipment must be treated cautiously, however, since the
workmanship of fabrication of any two vessels is bound to differ. Location and operating
environment can also affect equivalence (whether near coast or inland, or close to other
equipment that may vibrate or drip, or exposed to extreme or fluctuating temperatures). The
intention is not to use equivalent service as the sole justification for absence of degradation,
but for it to provide additional confidence to a justification determined from other evidence.

A careful comparison is needed for two vessels to be classed as equivalent. For example, it
may be necessary to check company audits to demonstrate similar site strategies, and/or
that equivalent equipment on sister plants that have been similarly monitored to show that it
is equivalent service. Using this equivalent service argument requires an intimate
knowledge of the equipment and process. This may be easier for two pieces of equipment
on the same site, or at least within the same company, rather than equipment belonging to
two different companies, simply because of the amount of information sharing that would be
required to give sufficient confidence.

Experience from equipment that cannot be inspected internally

Some equipment, such as small vessels, pipework and air receivers, cannot be inspected
internally due to their size or lack of access. Although some of these kinds of equipment
(such as pipework) are outside of the scope of application for this report, sometimes the
approach and information obtained from their external non-invasive inspection or
destructive examination on removal from service can be applied to larger pressure/storage
vessels where internal examination would be possible.

Pipework is often replaced at regular intervals before external degradation causes a failure
because this can be cheaper than having to stop production for a repair. Where the
pipework is made of the same material as the vessel and has equivalent service, a lack of
degradation inside the pipes can be useful evidence to support the vessel justification.
Larger buried pipelines are sometimes inspected using intelligent pigging to provide
information about the internal condition of the pipes as well as wall thickness. External
inspections of pipes using modern techniques can also determine the internal condition.

For air receivers operating under oil-free conditions, a non-invasive inspection every six
years may be acceptable. Understanding that the main mode of failure is likely to be
internal pitting due to moisture, the inspection can be focussed around the water line and
below. Even if the pitting corrodes through-thickness, the equipment can be considered
‘fail-safe’ where it has been assessed that a leak from the pit will not create a hazard. When
leakage from pitting occurs, then the air receiver must be replaced. This approach to
examination can also be applied to other types of equipment containing low hazard non-
toxic products where the degradation mechanism is well understood and the consequences
of failure are limited and restricted.

Vessels with internal coatings and inhibitors

Where oxygenated (atmospheric) water may be present in a product, sprayed or painted
coatings or non integral linings are sometimes used to protect carbon steel vessels from
corrosion. Lined vessels are also commonly used in the pharmaceutical industry to ensure
high cleanliness of the product throughout a range of product batches. Generally water is
not a problem to equipment when there is no oxygen present (i.e. de-aerated water in
closed systems), although it can be an issue with product quality. Section 3.3.2 discusses
more about water contamination issues. Vessels may be coated or lined internally, for
example using epoxy, glass or a corrosion resistant alloy, to prevent any trapped water
from causing rust or other corrosion of the carbon steel shell. The integrity of the coating or
lining then becomes integral to that of the vessel.

The risk is that if the internal coating or lining fails, the pressure shell may be exposed to an
environment it was not designed for. The possibility of coating or lining failure and the
consequences of this occurring must be taken into account when selecting inspection
intervals, together with the ability to detect failures in service (IP, 1993). If a coating or lining
is needed because of the risk of corrosion to the parent metal, then the benefits and risks of
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internal examination of the coating or lining need to be considered. On the other hand, even
a slight dulling of the shiny surface of a lining can indicate changes to process conditions
well ahead of any integrity issues occurring. Similarly, a glass fibre lining will suffer from
fatigue damage before the vessel shell, and hence fragments of detached lining can again
indicate fatigue issues occurring before any fatigue cracking of the vessel would be
detectable.

Examination of the coating or lining from inside the vessel can be done to identify any
damage and routes where product may have come into contact with the vessel shell.
Coated or lined vessels can, however, be easily damaged by the examination process,
tools and scaffolding. For this reason, scaffolding may not be permitted, which poses
problems for accessing inside a large lined vessel for inspection. Consequently there is a
major benefit if internal examination of coated or lined vessels can be avoided (or at least
carried out by using remote video imaging through the access hatch instead).

If internal examination intervals are to be extended then a good understanding is needed of
the mechanisms by which coatings or linings degrade, and this may be difficult where new
or brittle materials are involved. The coating or lining itself may have a limited lifetime
specified by the manufacturer, and may be routinely replaced. For these reasons, coated or
lined equipment might not be considered for extended examination intervals. Sometimes
the interval between internal examinations will be limited to that required for replacement of
the coating or lining.

Sometimes, the effectiveness of the coating or lining seal can be measured from product
monitoring. Failure of the coating or lining and corrosion of the shell steel would result in a
higher concentration of dissolved iron in the product analysis. If the consequences from the
rate of corrosion following coating or lining failure are low (mainly economic consequences)
then repairs might be included within general maintenance at the next scheduled shutdown.
If the consequences of coating or lining failures are higher (economic/financial, safety
and/or environmental), then they can be pre-empted by routinely replacing the coating or
lining at major shutdowns.

Inhibitors and cathodic corrosion protection systems are not normally used for products
being stored as non-corrosive. However, their use may need to be considered if internal
examination periods are to be extended and moisture ingress is possible. Assuring the
effectiveness of the corrosion protection system then becomes part of the integrity
management of that asset.

Risks of carrying out internal examination

When considering whether to carry out internal examination, the inherent additional risks of
preparing and carrying out internal examination should be taken into account in relation to
the benefits that examination would have in reducing risk. The principle of reducing risk
ALARP applies, and it is a judgement whether the risks of undertaking an examination
might actually increase what is already perceived to be a low probability of vessel failure.
On the other hand, a skilled internal examination might give better quality inspection data
than using a non-invasive technique. The justification to extend examination intervals is
therefore influenced by the risks, difficulty and costs of undertaking the examination.

The act of emptying the vessel of product, which may also involve depressurisation,
blinding the vessel, cool down, then cleaning the inside of the vessel of product and then
grit blasting the surfaces so that it is safe for people to access the inside to carry out the
inspection, may constitute a significant deviation and interruption from normal service.
Cleaning the inside of the vessel with steam will introduce water into the vessel which may
have been corrosion free when containing a dry hydrocarbon product, but which could rust
after steam cleaning. A common example of a kind of degradation that is exacerbated as a
result of inspection is de-aerator cracking.

Doing an internal examination may impose additional stresses from thermal loading or

potential dents and impacts from moving people and inspection equipment inside the
vessel. Many large pressure vessels contain internal structures or fittings, which are difficult
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to remove during an internal inspection. These structures are at more risk of being
damaged by the action of carrying out internal examination. They may also make parts of
the internal shell inaccessible to examination thereby limiting its coverage.

The benefits of not going inside a vessel to inspect also include avoiding the significant
health and safety risks of confined space working for inspectors and the restricted access to
vessels through man-ways. There can also be the risk of asphyxiation from limited
breathable air which could also potentially contain toxic fumes or residues. Although these
factors are all manageable to enable internal examination to be carried out safely, they can
make internal examination a very costly process.

The value of internal examination can sometimes be reduced by access or vision
restrictions due to difficulties of viewing all internal parts of the vessel as a result of poor
lighting, restrictions from wearing personal protective equipment, and limited access to all
‘corners’ of the vessel. Technological solutions may be able to address some of these
issues (see Section 4.9).

Remote visual examination

There are techniques whereby equipment such as boroscopes, video-scopes or laser
probes can be used to ‘visually’ examine the inside of a vessel when inserted from a remote
location through a hand-hole for instrument access. Where video-scopes are used to carry
out the internal examination of relatively small process vessels, it is also possible to record
the results digitally as a movie for more thorough analysis off-line, or for future reference.

For these techniques to be applied the process equipment may still need to be shut down,
emptied and possibly cleaned. Access for the camera through a manway or instrument port
is also necessary. Therefore some may not categorise these techniques as truly ‘non-
invasive’, however, their ability to obviate the requirements for inspectors to enter vessels
can make them preferable for carrying out internal examination (see Section 4.8). There is
some description of remote visual inspection methods in DNV-RP-G103 (DNV, 2007).

Additional considerations for RBM

If the RBI has been carried out according to current best practice guidelines, then it can be
assumed that all the potential damage mechanisms have been correctly identified (see
Section 3.3). However, to justify internal examination being deferred, then more explicit
emphasis and assessment may need to be made about a wider number of aspects within
risk-based management (RBM) of the plant (see Appendix B.8). Specifically, these relate to
the degree of control over the local product and the process conditions, and the stability of
operation and maintenance management of the plant as a whole.

Some aspects to be included within a RBM assessment are:

e Operating conditions, including normal operation, excursions and changes, and
allowable excursion periods.

e The number of shutdown cycles (including scheduled and emergency shutdowns), and
also the nature of the shutdown cycle, i.e. steam out, drying, purging etc, and the
isolation of non-examined vessels from the rest of the system.

* The design and installation of internal fittings, risks of mechanical damage to internals,
or effects of debris from internal fittings falling onto the pressure shell.

* How the gaskets and bolts of bolted connections will be inspected and maintained that
would otherwise be routinely opened for internal examination and then replaced.

*  Whether maintenance of external fittings such as pressure relief and other valves,

instrument connections etc, attachments for access platforms and piping supports can
affect the vessel internals or internal environment.
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* For insulated equipment, the condition of the lagging and the risk for corrosion under
insulation and cold or hot spots on the vessel surfaces.

The intention of an RBM assessment is to try and foresee any potential failure mechanism,
and then reduce the risk of that occurring. However, given that it is almost impossible to
foresee every possible future occurrence, sometimes it is prudent to carry out a thorough
internal inspection every ten years (for example) as a safety net. This approach may be
necessary where there is limited inspection history.

Setting defined operating limits for validity of RBI/RBM

When RBI is used to justify less frequent internal examination in the written scheme of
examination, an associated operating window for which it is valid should be set. The real
issues come when events occur outside the valid operating window. A system of warnings
should be established linked to monitoring systems depending on how far conditions have
deviated outside the window or how critical the component is. Within such a system, it is
often the experience and good training of those operating and supervising the equipment
which is vital in understanding the significance of a deviation to operating conditions with
respect to the RBI assessment.

Situations which might initiate such action might include:

*  Presence of contamination in product.

* Thermal transients, overheating/undercooling.

* Noise from inside the vessel.

* Rapid depressurisation or vacuum conditions.

* Fatigue risk increased from excessive vibration or cyclic stresses.

* Evidence of failure of internal coating or lining.

* Indications of internal cracking, corrosion or wall-thinning from non-invasive inspection.

The warning system should alert a suitable person (or a number of people) of the deviation
within a reasonable period of time. An initial assessment is made about the potential
significance of the event. Where the deviation is considered potentially significant, or there
is uncertainty, a decision to convene a Special Assessment by the RBI team of the event is
required within the framework of the Management of Change Policy. Management of
Change is discussed further in Section 6.4.
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Safeguards and Compensating Measures
Supporting the technical justification

Given that an internal examination is going to be carried out less frequently, and that this
has been satisfactorily justified from such evidence as explained in the previous section,
there are additional actions which should be considered to compensate for the inherent side
benefits of regular internal examination, and to provide safeguards against changes and
unanticipated conditions outside the assumptions made and any disadvantages of not
examining the inside of vessels.

Opening a vessel is often the time when ancillary equipment, such as gaskets and bolting,
is replaced. Visual examination can give an indication of a change in product or process
conditions, possibly due to unforeseen circumstances. The following sections explain some
methods to try and safeguard against unforeseen events causing hazardous consequences
that compensate for the absence of internal inspection. These techniques include non-
invasive inspection, process and product monitoring, and opportunistic inspection among
others.

Non-invasive inspection

Information about the thickness and the condition of the internal surfaces of vessels can
under some circumstances be obtained without entering the vessel using so-called non-
invasive techniques. These techniques are applied from the outside of the vessel and
include ultrasonic testing, shearography and thermography. Certain non-destructive testing
(NDT) techniques operate best at ambient temperatures, and are less effective when
sampling equipment that is operating at higher temperatures. Given that external
examination may be undertaken for reasons such as to detect external corrosion under
insulation, the opportunity this affords for non-invasive inspection should not be overlooked.

Non-invasive (also called non-intrusive) inspection (NIl) is not always cost saving; the
methods are often slower and more expensive to apply than internal visual inspections.
External inspection can require full scaffolding of the vessel, removal of lagging, and
possibly some surface preparation and equipment shutdown. It is important to know where
to look; welds (and in particular, weld roots) are usually the most critical locations to
inspect, but when the weld caps have been ground flush, they can sometimes be difficult to
locate from the outside. External examination using ultrasonics can assess wall thickness
loss or hydrogen induced cracking (HIC), but should not be relied upon to find internal
surface breaking stress corrosion cracking or pitting.

Removal of lagging in order to access the vessel wall external surfaces may also provide
conditions for subsequent corrosion under insulation (CUI) should moisture become
trapped when the lagging is replaced. When the external surface is already corroded this
could mask internal material changes and the inside surface condition. For many kinds of
pressure equipment the likelihood of suffering external degradation such as CUI is much
higher than internal corrosion for a process environment that is well understood, closely
controlled and monitored. This can be the case even for ‘corrosive’ products such as acids.
Sometimes the internal environment can change unexpectedly (due to particles of solids
causing erosion flaws, contamination causing corrosion, or loose internal structures causing
mechanical damage), and a regime of monitoring is therefore an important safeguard.

Within this report, the role of NIl should be to provide support for the justification of no
active degradation, particularly where there is uncertainty about a specific threat, or for
determining when internal examination is necessary when there is a known specific threat
in the early stages of development. For example, NIl may be useful in monitoring the wall
thickness following an excursion in product quality or in searching for fatigue cracks around
a nozzle connected to a vibrating pipe or for monitoring erosion in wall thickness at a known
location of flow impingement.

Sometimes NIl is the best way to get some information about equipment without taking
risks of shutting down a piece of equipment and requiring someone to go inside. The
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benefits in terms of reducing risk when not going inside a vessel are discussed in Section
4.8, and techniques for remote visual internal examination are covered in Section 4.9. The
use of NIl can be a key aspect of a risk ALARP strategy; the requirements for NIl can be
assessed within a risk-basis to minimise the internal entry needed.

A NIl can be carried out before a planned outage or turnaround in order to identify the main
problem areas so that any repairs can be planned for in advance, to achieve a shorter
outage duration, or possibly to justify deferral of the outage. Carrying out inspection
externally while the equipment is still in operation, or temporarily off-line, can provide
confidence when moving to extended internal examination intervals. Sometimes valves and
safety devices can be replaced during these interim inspections (see Sections 5.4 and 5.6).

Changing the inspection strategy away from internal examination to include selective use of
non-invasive inspection or remote visual internal examination can require a step-change in
the planning and execution of inspection (see Section 6.3), especially as the methods used
for NIl are more elaborate than for internal examination. The RBI team in charge of setting
the written schemes will decide on the use of NIl and inspection intervals; these will not be
set by one person alone.

Guidance on using NIl for pressure vessels is given by DNV in report DNV-RP-G103 (DNV,
2007). The DNV document provides comprehensive advice on planning and carrying out a
non-invasive inspection, but makes no recommendations about setting inspection intervals.
The effectiveness and limitations of current non-invasive NDT techniques are also
discussed in a report from a Mitsui Babcock Group Sponsored Project (Babcock, 2002).

In-service monitoring of process fluids

Once petrochemical or chemical products have been refined and are being contained as
clean and non-corrosive, stringent process and product quality controls will then prevent
and/or identify any contamination beyond the permitted limits before the product is
distributed. Monitoring of the product is mainly concerned with guaranteeing product quality
and checking the required process conditions are being maintained. However, monitoring is
also a valuable tool in supporting the justification of extended internal inspection intervals.

In-service monitoring of product composition and purity will give confidence that the product
has not degraded or been contaminated, and therefore that the clean, non-corrosive
conditions expected are actually being maintained. Without internal examination, monitoring
provides a means for detecting changes to the conditions inside the vessel to confirm that
there is no degradation, as expected. Deviations in concentrations or chemistry from
monitoring process fluids can help to show when process-upsets have happened, or if
degradation is occurring from the by-products of corrosion.

It is important to recognise, however, that sensors intended simply to measure product
quality may not be detecting the correct constituents, nor have the correct accuracy to be
part of the integrity assurance argument. A HAZOPS (Hazards and Operability Study)
analysis will identify potential failure modes or hazards that may arise as a result of
deviations from the design intent of the equipment, such as high or low temperature,
contamination or overflow. The HAZOPS report may consequently recommend changes to
the design or operation of equipment, and possibly its inspection. The HAZOPS exercise
also allows operators to understand up front what the potential consequences of process
upsets are, and how to manage them accordingly.

An example of process monitoring is the on-line monitoring of oxygen levels in the boiler
feed-water that feeds the boiler systems used in steam production for the cracking of
hydrocarbons. The boiler feed-water oxygen levels need to be kept low to avoid corrosion
of the carbon steel equipment. An on-line analyser can provide continuous monitoring of
boiler feed-water oxygen levels, and the records of the oxygen levels are then reviewed as
part of the requirement of the written schemes of examination. If significantly high oxygen
levels were recorded then corrosion might have occurred, and hence the inspection plan
may need to be changed. Although boilers are not expected to be subject to extended
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inspection intervals, this general example illustrates how monitoring can be used within
integrity assurance as part of the written scheme of examination.

The range and sophistication of chemical sensors now available to detect and quantify
products is very broad, and will depend on the production process in question. They may be
used at a number of points along the process route, from analysis of the source raw
materials, through the production routes and interim stages, to quality control checks for the
final product. Sensors may be used to ensure certain properties are within limits, i.e.
oxygen level, pH or chemical weight. Alternatively, the purity of a product may be inferred
from the composition of impurity elements that can be specifically detected, e.g. mercury in
a crude oil source, moisture within a gas supply, or for instance for water contamination of a
carbon steel vessel then monitoring can detect any iron or iron corrosion products in the
fluid.

The power of using in-service monitoring in an integrity safety case is in knowing what
properties and impurity elements to look for and to detect. This field of technology is
progressing fairly fast and new sensors are regularly developed by a range of companies.
Each sensor will only give a fairly simple piece of information. The skill comes in combining
the results from several sensors, across the processing route and over time, and making
inferences about what those numbers are indicating (both directly and indirectly). Careful
consideration is therefore required for how monitoring can best be used. The risk-based
management assessment also needs to consider the potential for hazard should the
sensors themselves fail, and what safeguards (such as multiple sensors) can prevent this.

Monitoring of operating pressures and temperatures

Bursting discs or pressure relief valves and other protective devices are designed to protect
equipment from excessive pressures and temperatures. Gauges provide information about
the fluid levels inside vessels, and thermocouples are commonly used to measure
temperatures at numerous locations and stages around a plant. These kinds of devices
provide important evidence when justifying extended operating periods as they confirm
whether service conditions are within the expected operating window.

Protective devices may not be required to operate very often, but they need to be well
maintained and inspected regularly. Usually safety valves are maintained and reset every
time equipment is shut down for internal examination. However, when trying to justify
extended inspection intervals, protective devices that are not maintainable while the
equipment is in continuous operation (or during external inspection) cannot easily be
regularly serviced. Provided that another protective device is in place during operation,
some safety valves can be removed and tested (or replaced) while the equipment is on-line.
Doubling up on pressure relief valves is becoming more common in order to do just this,
and to reduce the amount of work required during a shutdown.

Some companies find that nearly all the pressure relief values that they replace are still
within 2% of the initial setting point after six years of service. There is some question over
whether there is more risk in replacement rather than allowing safety devices to operate for
longer periods. Maintenance of process instrumentation is an inherent part of RBI. The
critical instruments for detecting a deviation outside the RBI operating window should be
covered by reliability centred maintenance (RCM) and ISO 9001 quality systems.

Opportunistic internal examination

Whenever a vessel is to be opened up (for reasons other than to carry out an inspection),
the opportunity should be taken to make an internal visual examination of the vessel if at all
possible. If the risks rule out human access, then an inspection using cameras or other
remote visual equipment may be possible (Section 4.9). Such an opportunistic examination
would be in addition to the written scheme and scheduled examinations, but the results can
contribute to providing greater confidence in the use of extended internal examination
intervals or a non-invasive inspection regime.

19



5.6

5.7

It is important that the operations and inspection teams are in communication over the
likelihood of a potential shutdown otherwise opportunities may be missed because
inspection teams are not aware of them until too late. However, when considering carrying
out an opportunistic internal examination, the risks and practicality of making such an
examination should also be factored in (see Section 4.8). For example, vessels containing
non-corrosive products may suffer from fouling, and so when the sludge is cleared from
inside the vessel to improve productivity, internal examination may be carried out at the
same time. Where the concern is corrosion under insulation, then each time the insulation
is removed for an external inspection, ultrasonic testing can be used to assess the condition
of the internal wall. The results of any opportunistic inspection will be stored alongside the
data from each thorough examination and used at the period review of the written scheme.

For batch production, such as in the pharmaceutical industry, the end of the series of
batches to produce a particular product is a good time to carry out an examination. For
batch production, the regularity of shutdown opportunities means that internal inspection
can normally be included within the written scheme. Sometimes the examination will be
done during a shutdown ahead of the due date given on the written scheme, to avoid
disruption to the next product stream if its production is expected to continue beyond the
due date.

Replacement of bolts, nuts, seals etc

When internal inspection is carried out regularly (e.g. every set number of years), it is
normal to take the opportunity at shutdown to replace the bolts, nuts and gaskets of flange
joints that have been opened, if deemed necessary. The outage time is also used to
inspect, and possibly tighten or replace ancillary equipment such as bolts, nuts and seals
that form other flange joints, valves, pressure relief devices and instrumentation (Sections
5.3 and 5.4 discuss in-service monitoring of process fluids, pressure and temperature).

Where extension of internal examination internals is proposed, the maintenance of these
items and re-calibration of instrumentation must be considered. It may be that these
components can operate safely for the extended period until the next scheduled shut down,
but that is a conclusion which requires some further consideration and justification. It could
be that the shutdown period becomes set by the lifetime of the nuts and bolts rather than
the integrity of the vessel shell. A possible alternative may be to replace some devices
while the equipment is in service, e.g. a bursting disc on part of a circuit that can be
isolated. Individual nuts and bolts on a flange head can be changed carefully one at a time,
using either G-clamps to maintain the forces, or done incrementally while operating under
reduced pressure. Carrying out these kinds of maintenance activities on-line reduces the
effort required at each turnaround, and therefore it can be desirable to do as much as
possible on-line. This may also include instrument calibration and hot tapping (welding)
under some circumstances. However, regardless of the drivers for carrying out more
maintenance on-line, if it is necessary to shutdown the equipment to ensure its on-going
safety through adequate maintenance of instrumentation, then it must be done.

Role of inspection to prevent failure from unforeseen causes

There are many stories of inspectors undertaking routine examinations unexpectedly
finding unforeseen defects or faults that, had they not been detected at that time, could
have led to catastrophic failure. The frequency of such occurrences is almost certainly very
low compared with the number of inspections undertaken, yet the circumstances behind
these occurrences need to be considered carefully; it should be questioned whether routine
inspection is the only or best way to prevent potential failures.

Three examples are given, drawn from experience of the nuclear industry.

1 During a routine inspection of a boiler at Chapelcross nuclear power station, a large
crack was visibly detected in the primary pressure shell, which on further examination
was found to extend 230mm along the surface and up to 90% of the wall thickness.
Examination of the surfaces indicated that the crack was an arrested brittle fracture that
had been formed during fabrication and had lain undetected for 40 years. While there
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was no evidence of growth, the presence of the crack reduced safety margins well
below an acceptable level, and could not be left in situ without repair.

2 In 2002 workers monitoring cracks known to exist in control rod drive mechanism
nozzles on the reactor pressure closure head of the Davis Besse pressurised water
reactor discovered extensive corrosion damage to the closure head adjacent to one of
the nozzles. The cavity, caused by boric acid primary coolant leaking through a crack in
the tube to the closure head, was about six inches across by seven inches wide and
extended right through the six inch thick head to the stainless steel cladding liner, which
had bulged under the high internal pressure. Had the damage not been found, the liner
would have eventually failed. This would have resulted in a major loss of coolant
accident. Public protection would have depended on functioning emergency systems.

3 In 1981 a new ultrasonic non destructive testing technique was applied for development
purposes to a redundant feed water nozzle of the D1 steam drum which was a central
part of the steam generating heavy water reactor at Winfrith in Dorset. The results
showed that there was extensive cracking in the welds to an extent where ejection of the
nozzle under reactor blow-down conditions could not be ruled out. After a period where
the reactor was shutdown, a safety case was made based on one of the first
applications of fracture mechanics to a defect in a nuclear plant, and a restraint was
engineered prevent any possibility of nozzle ejection.

These examples show the role of inspection in compensating for lack of knowledge of the
fabricated condition as a result of inadequate inspection at the time of construction (as
in 1.), failure by management to recognise the potential hazard caused by leaking boric acid
(as in 2.), and the limitations of conventional in-service NDT techniques (as in 3.). In each
case there was a lack of knowledge caused by human failings and technological
inadequacy that was only compensated by inspection later in life.

Many other examples could be analysed, but all are likely to show elements of individual
human frailty, incompetence and error, unthinking management driving against technical
wisdom and good practice, and a lack of technology to provide the detail of data or level of
understanding necessary to resolve the risk. Physical inspection of equipment is one
means to catch failings before they become dangerous or catastrophic, but at least equal
emphasis ought to be placed on other aspects of safety management and regulatory
control, and applying up to date monitoring throughout the life of the equipment. Inspection
is a final barrier to preventing catastrophe when others have failed.

Economic and outage considerations

During an outage (turnaround or shutdown) of a petrochemical production plant or refinery
when internal inspection is carried out, there is usually also a programme of general
cleaning and overhaul, there may be defects to be repaired, and it is also an opportunity to
implement efficiency improvements to the manufacturing process. Typically, only about half
of the effort during an outage is down to the inspection activities.

There is a balance to be struck between extending examination periods and the economics
of production and outage planning. Very short periods between inspections are
economically costly due to lost production each outage, particularly where the plant is still
operating efficiently. However, running equipment for much longer periods between
shutdowns means that production efficiency and throughput can start to wane which also
has a financial penalty. This can be due, for example, to fouling up of vessels, piping and
filters, or the need to replace catalysts or re-set internal structures. The catalyst in a
process might only be effective for up to 10 years, which may be the reason why a
shutdown becomes necessary. The upper limit on turnaround periods may therefore be
limited not by the requirement for inspection, but by process concerns.

An outage programme that specifies fixed outage intervals (such as every three years) for
production reasons means that the pieces of equipment that need only be inspected every
six or nine years are not being inspected at every outage. When considering moving to
extended inspection intervals, the amount of equipment that needs inspecting at each

21



5.9

subsequent outage increases, and the time and costs required for certain outages may
need to be substantially longer than others. It makes sense to phase the inspection tasks
evenly over the outages but sometimes this is not possible or cost effective.

When shutting down a large piece of plant at a turnaround, it might take up to three weeks
to thoroughly close down and prepare the equipment, in addition to the time for the
inspection and other work to be done. A longer inspection interval means that more time is
needed for the inspection part of the outage. The amount of cleaning and any repairs may
also increase when shutdowns are less frequent. Economically, a 12 week outage every six
years (i.e. 4% lost production) may give little benefit over a four week outage every two
years, (which is still 4% lost production). There is a balance between longer inspection
intervals with longer turnaround durations required to deal with the volume of inspection
and other related work.

For non-continuous batch production processes the economics of setting internal inspection
intervals is different. The opportunities for internal examination occur regularly at the end of
manufacture of each product, and it can therefore be carried out with less financial penalty.
Hence, there is less economic incentive to move towards longer periods between internal
examinations. Batch processes may be carried out in relatively small vessels which can be
examined internally using video equipment (rather than sending an inspector inside) more
easily than for large process vessels.

Specifying non-fixed or variable inspection intervals allows the economics for production
and outage to be optimised for each piece of equipment or plant. A more sophisticated
analysis can reveal interactions between turnarounds for efficiency improvements and plant
integrity. An example of balancing the economic requirements with integrity concerns is a
pipe fouled up with tar. The problem is insufficient throughput, an economic problem.
Washing out the lines to remove the clogging introduces water to the system and also
removes the coating effect of the tar. This can result in active corrosion of the pipe (which
becomes an integrity or product quality problem), which may then require more frequent
inspection.

Consequence analysis and hazard mitigation

If, in the worst case scenario, an unexpected event occurs which results from corrosion or
cracking causing failure, then one final safeguard is to manage the hazard from that failure.
Hazard mitigation safeguards are not intrinsically more likely to be needed in the event of
not carrying out internal examination, but form part of the system for managing the safety of
any item of high hazard equipment against unexpected or extreme consequences.

Cryogenic storage tanks have a monitored secondary containment system as hazard
mitigation in case of leakage or failure of the primary containment. In older storage tanks
this consisted of a low bund wall surrounding each tank at a distance. Modern tanks
incorporate the secondary containment around the whole tank underneath one roof.
Monitoring of the inter-space and under the floor for leakage is an important safeguard.

Fitness for service assessment to a recognised code such as BS 7910 (BS 7910, 2005) or
API 579-1/ASME FFS-1 (API 579, 2007) can provide information about an expected failure
mechanism in a vessel, (i.e. whether it is likely to suffer ductile or brittle failure), and the
safety margin during service for a given maximum flaw size in the structure. If a fithess-for-
service assessment can show that very long through-thickness flaws are tolerable with
respect to brittle fracture and ductile plastic collapse, and that the contents are sufficiently
fluid or pressurised for a detectable leak to occur as a result of a sub-critical through-
thickness flaw occurring, then a leak-before-break argument can be made. Demonstration
of leak-before-break may be a useful safeguard supporting the justification of extended
examination intervals where there is uncertainty. Total catastrophic failure is avoided and
shutdown and repair can be carried out once a leak is detected. For validity as a safeguard
any leaks must not cause harm or danger (e.g. from toxic chemicals leaking into water
courses, or forming volatile fumes around sources of ignition). If a leak-before-break
argument is going to be made, it is important that the capability of the detection method and
the human response to leak indications are well understood.
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A hydrotest can be thought of in similar terms as a safeguard. If a pipe or pressure vessel
has survived hydrotest at a high pressure then that gives some confidence that the lower
maximum operating pressure is safe. In addition there is sometimes an effect of reducing
residual stresses. However, hydrotest is not generally used for demonstration of fithess-for-
purpose after the equipment is in service unless absolutely necessary due to the hazards of
achieving high pressure and the risk that residual water may result in corrosion. In addition,
hydrotest cannot provide confidence against the growth of flaws during service, nor against
thermal and system loads that do not depend on pressure.
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Organisation and Management
Underwriting requirements

When new approaches to inspection planning are being considered by companies, it is vital
that the organisation and management arrangements are suitable for that development.
Decisions about inspection strategies are very important for companies, with implications
for financial cost as well as safety and integrity assurance. The decisions almost always
need to be made by teams of individuals, collecting together the necessary knowledge and
expertise to plan and draw up the written schemes of examination.

This Section outlines the factors such as competency, quality, knowledge and experience
that are important for this team. The technical and managerial resource available and the
maturity of the organisation in learning from experience and anticipating change are key
aspects. The procedures in place for the management of change are an important part of
underwriting the inspection strategy.

The RBI/RBM team

The experts that comprise the RBI team play a crucial role in ensuring sound judgements in
setting written schemes of examination and supporting RBM measures. In most situations,
the team should include those with competency in the following disciplines:

* Production processes.

e Operations.

* Failure consequences and safety management.

* Maintenance.

* Structural design and integrity.

* Materials, corrosion and welding (including failure mechanisms).
* Inspection and NDT.

e Optional roles may also include production planning, and finance.

Some individuals may cover more than one competence, and the RBI team may be as few
as four individuals, or as many perhaps as 15 so as to include all the necessary expertise.
Where the RBI team is not a user-inspectorate, it should include someone from the client
company fulfilling one or more of the above roles, usually from production or operations.
When third party inspectorates are involved in RBI teams, they should provide more
specialist knowledge of the degradation mechanisms and inspection to assess the
likelihood of failure, while the company provides the design, operations and maintenance
input to determine the consequences of failure. It is these competencies combined which
enable assessment of the level of risk.

Individuals bring their own valuable experience to the team, such that when one of the
‘experts’ is replaced (through retirement, changing jobs or contractors etc) the RBI
assessment may need to be reviewed in the light of the different level of knowledge now
represented. When the experts on the RBI team have less experience of the equipment in
question (for example, being new to a company, or a third party), it may be preferable to be
less ambitious in justifying extending internal inspection intervals using RBI than that which
a more experienced team may propose.

The RBI team may or may not be specific for different parts of a site, but should always
have a detailed knowledge of the particular types of equipment, and the process involved.
The team should meet regularly and assist the competent person draw up the written
scheme of examination. Meetings might be planned for before and after a shutdown, or
more regularly; each month for example. After a thorough inspection has been carried out
or the decision not to inspect has been periodically reviewed, the written scheme is
considered again by the competent person and the RBI team, and revised for the next
inspection.

A specialist team may also meet more regularly to review current operations data, and to
implement a management of change policy and set intermediate inspections where this is
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appropriate. This may even be done via regular monthly meetings to review the inspection
strategy continuously taking into account any equipment that has just been inspected, and
any other changes. Combining this with an effective inspection database for storage,
retrieval and interrogation of inspection and plant data can enable the system for integrity
management to become effectively ‘live’.

Competencies for all experts in the RBI team should be demonstrated by proven
experience or by having suitable technical qualifications or certification. Other sources of
formal training are offered by accreditation institutions. Skills that people have should be
recognised and documented, for example, by ‘Skills Passports’. Many contracting
organisations issue their staff with Skills Passports confirming training, competencies, and
practical experience. These are useful when they enable the purchaser of services, third
parties and regulators to have greater confidence in the abilities of the people employed.

Competency assessments and subsequent targeted training of staff to enhance their skills
can improve abilities significantly. An example is a company where NDT staff were
assessed for flaw detection rates, and those that failed were given more training rather than
losing their jobs. The detection rate rose from 35 to 75% purely from training, and the no-
blame company culture. Other potential pitfalls when trying to carry out RBI to best practice
are discussed in Section 7.1.

Review and modification of the written scheme

Changing the inspection strategy towards longer internal examination intervals and, where
appropriate, including the selective use of non-invasive inspection can require a step-
change in the planning and execution of inspection. The RBI team in charge of setting the
written schemes will decide on the possible use of NIl and inspection intervals based on a
robust justification; these will not be set by one person alone.

PSSR 2000 Regulations 8 and 9, and Guidance in the associated Approved Code of
Practice, or ACoP, (PSSR, 2000) state that the user/owner must ensure that the WSE is
reviewed at 'appropriate intervals' and modified accordingly to ensure it remains 'suitable in
current conditions of use of the system'. The regulations do not specify when this should
happen, so the review may be carried out at any appropriate time. The ACoP advises that it
is good practice to complete a review when an examination has been completed but before
the associated report has been issued.

Once the written report is issued, the due date specified on that report (on or before which
the next examination must be carried out) cannot be extended unless a postponement is
made in accordance with PSSR Regulation 9(7). There is an expectation that the
postponed examination will take place within a relatively short period of time. It is worth
noting that the scope of the examination (those parts of the pressure system covered by the
WSE) is subject to the same restrictions as the due date, i.e. once a written report is issued
this effectively sets the deadline and scope for the next examination.

Whilst the due date and scope of the next examination are fixed by the written report,
following a review of the written scheme, the nature of the examination (new inspection or
testing details along with revised internal and/or external examination requirements) may be
modified and implemented at the next examination. However it should be noted that the
WSE must always be suitable (Regulation 8(3)) so any changes must be supported by a
robust justification. The review of the WSE can change the nature of the examination (e.g.
replace invasive examination of welds from inside surfaces by non-invasive NDT methods)
for any part of the system, but it cannot eliminate components from the scope at this stage.

Once an examination has been carried out in accordance with the requirements of the last
written report to the nature specified in a modified WSE, the associated written report will
be able to set a new due date and scope of examination in accordance with all the
requirements of the new WSE. The diagram below gives an overview of the process.
Framed in this way, the regulations enable increased inspection requirements or shorter
inspection intervals to be implemented without delay in the light of new information. Where
a review reduces examination requirements the regulations do not prohibit this, but the
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requirement to ensure the WSE is suitable in the light of the examination results stands.
Any changes to the risk management arrangements need to be robustly justified.

If the guidance given in this report is going to be followed in order to make the justification
for extending internal inspection intervals, some consideration also needs to be made for
how that justification is going to be maintained and sustained over a significant period of
time. The issues of record keeping, data and process control described in the previous
sections may take on greater importance. A formal process of periodic review of the
suitability of the WSE should be carried out between examinations, even if the next
examination is some time in the future.

Default procedure Extra effort if justifying extended
internal examination intervals

Existing WSE written report

nature of next examination justification for extending
internal inspection intervals

v

Modify WSE to change

nature of examination, but not
date or scope

Examination is carried out

(to the nature of the modified | |
WSE) before the due date

Review (modify) WSE based
»| on results of recent

v examination
Write WSE report on
examination findings, set new
date (extended interval), scope
and nature of next examination

Overview of the scheduling process for moving towards an extended internal
inspection interval within the WSE

Management of change

If there is no internal examination for long periods, particular care is needed when feed
product or process conditions are changed, or when changes are made to other parts of the
plant, as these could alter the composition and impurities of the products being contained.
These changes might be planned and expected changes to operating conditions, or they
could be a result of unexpected upset conditions, which might be transient or permanent.
The impact of such changes on the susceptibility to degradation needs to be considered.

Modern companies manage planned and expected changes through a robust Management
of Change policy. Unexpected upset conditions are more difficult to manage and require a
company culture that recognises the potential importance of such events and brings them
to the attention of management. Good communications between the operations and
engineering teams is a key requirement. Systems then need to be in place to evaluate the
importance of the reported events to inspection policy and decide what action is necessary.

A Management of Change committee should include a number of experts who can discuss

the effects of any changes or incidents on the RBI strategy (see also Section 6.2). The
multi-disciplinary team should include experts on mechanical installations, inspection,
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maintenance, safety, materials, and operations - it is particularly important to include people
from the process side. Planned changes can usually be assessed as part of the regular
review of the written scheme of examination. In leading companies, unexpected incidents
requiring the full management of change committee to meet may occur only infrequently,
perhaps once or twice a year. However, the policy gives confidence that the RBI approach
remains robust under all eventualities.

The decision of what to do in the event of an interruption or change to the process or
operation is one of the most important functions of the RBM Management of Change team.
The concern is that a relatively small ‘blip’ in the operating conditions could allow impurities
or water into the system which may increase the corrosion rate such that equipment will not
reach its next inspection before failure or it become irrecoverably damaged. An example
from the refining industry is when operations increase the temperature in a vessel to
attempt to extract a particular oil fraction from a new crude oil stream, but the higher
operating temperature means that corrosion starts to occur. Alternatively a lower
temperature may allow water to condense and accumulate in places where it would not
otherwise be a problem.

The management of change meeting will be a review of the process change(s) to decide
whether the equipment can continue to operate under its current written scheme of
examination, whether it can be kept running until the next turnaround, whether it requires
immediate inspection, or can be assessed with a corrosion probe during a temporary
shutdown etc. The meeting will also decide what additional information is required to
assess the situation and how to manage with a lack of knowledge. Once the issue has been
successfully dealt with, the team should consider the possibility of reoccurrence.

It is first necessary to have adequate systems in place to warn the appropriate people of
any relevant change to the established parameters, such as level gauges, pH alarms,
processing pressure and temperature gauges. The warning should alert someone who has
the authority and understanding of the implications of the change to convene the RBM team
(or a suitable sub-set of the team) together. This is why it is important that project engineers
and operations personnel are included in the RBM team.

Effective and sufficient communication between operations and integrity management is
needed in order to identify what kind of upsets fall outside the RBI window of operation.
Some companies may have automated monitoring systems that alert a set of people when
specific operating parameters are exceeded for a particular length of time. Some systems
can flag up a warning of potential consequences when set parameters are exceeded, such
as higher corrosion rates for higher temperature operation.

When a third party inspectorate forms part of the RBI/RBM team, the responsiveness of the
management of change team becomes a key issue. There is usually a contractual
obligation on companies to inform the third party of any changes that have occurred. Some
companies maintain close links with their third parties, and representatives can be on site to
hold a meeting the day after an incident has occurred. Many third parties use brokers for all
of their communications between themselves and the client companies. In this model, there
is a risk that the brokers may fail to pass on details of changes in operations. In this event
assessment of changes can be delayed by weeks or even months.

The strategy decided by the team at the management of change meeting may be to keep
the equipment in service, to closely monitor the equipment, to carry out an intermediate or
non-invasive inspection, or to close down the equipment and/or carry out a full internal
examination. Whatever strategy is adopted, it should be based on expertise, the best
information available and an assessment of the risk of different outcomes.

Information management

The large amount of equipment at a refinery, chemical or petro-chemical plant means that
managing all the data about the equipment must be done using computers. Specialist
software is commercially available to help with this, and also with carrying out the risk-
based inspection assessment of each item. An information management system that is
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easy to access and update, and contains historical data about equipment construction,
process settings and inspections is an invaluable and necessary tool for ensuring good
quality risk-based management is carried out.

The information management system ideally needs a way of recording operational history,
including (for example) the number of start-ups/shutdowns, pressurisations, temperature
transients and changes to contained product. Trends or anomalies in the conditions of the
equipment or product can indicate ahead of time where issues might occur.

However, the software tool is only as good as the users make it, and a company culture of
openness to reporting changes and potential integrity issues for equipment is also
important. Handling, validating and maintaining data is a costly and very time consuming
business, but it does allow ongoing fact-based decision making instead of relying on
opinion and conjecture. Companies that have made this investment are more likely to
benefit from the advantages of justifying longer intervals between examinations.

Maintaining awareness

The team of experts comprising the RBI team needs to maintain its awareness of on-going
developments in their respective fields. An inward focussed team will at best miss out on
improving and developing the RBI reviews. At worst, a lack of awareness may fail to pick-up
new experience of failures or degradation mechanisms from other operators and regulators.

Maintaining awareness can be done via membership of professional institutions (such as
IMechE, The Welding Institute, IChemE etc), industry trade bodies (such as EEMUA,
SAFed, APl or NACE), and attendance at other conferences and seminars. Membership of
these kinds of organisations tends to be widespread amongst third party inspectorates, who
trade on their qualifications and accreditations. Many user-inspectorates also maintain
membership of external bodies, and this is important in order to avoid becoming too closely
focussed on the internal company policy. The potentially remote locations of their sites and
the high demands on their time means that attending events for example, in London, can be
a challenge for some user-inspectors. There is a potential for E-seminars or on-line
communities to help overcome these difficulties.

Trade bodies tend to be good at passing on information within their own body, but tend to
engage less in dialogue between themselves. One further opportunity for sharing best
practice and learning from recent developments would be for the HSE itself to communicate
more freely between companies, trade bodies and other institutions. Accepting that some of
its information is legally confidential, the HSE should seek to avoid being perceived too
much as the lawyer trying to prosecute companies after the event, rather than a mentor
trying to improve the practice in companies thus preventing incidents occurring.

Knowledge and new technologies change over time. It is possible that degradation
mechanisms that were not previously known of could become relevant. An example of this
is the stress corrosion cracking of steel in fuel ethanol service, which has become an issue
in the US since 2003. It is still under investigation before recommendations can be made in
codes and standards (see Section 3.3.4). Just because equipment has been designated
clean non-corrosive service in the original corrosion risk assessment does not mean that
upon subsequent review of that assessment this designation cannot change on the basis of
new experience and knowledge.

It is also important to maintain corporate knowledge through retention and control of
documents and records. Training of staff in technologies related to ageing equipment and
adequate succession plans are necessary in case turnover of key staff might leave a
company without specific expertise. A positive culture that promotes awareness and
communication of change with respect to equipment is a sign that the organisation and
management are competent to have extended internal examination intervals.
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What Can Go Wrong - And How To Prevent It
RBI problems and pitfalls

Risk-based inspection assessment is now a well established method for many companies.
However, it is important not to be complacent about the potential pitfalls that can result in a
poor quality assessment that falls short of the best practice that is given in a number of
published guides. Where examination intervals are extended there are pitfalls that can
occur if the assessment is not sustained over time.

The first pitfall is inconsistency. It has been found that different RBI teams, be they from
different sections of a single company, or from different companies, can give very different
results from their RBI assessments due to their different levels of experience and rigour
throughout the process. So long as there is conservatism in the assumptions and
robustness of the assessment such inconsistency is not necessarily a matter for concern.
Operators and regulators should be wary where practices established within one company
are applied to another where the expertise and management may be very different.

When RBI teams lack sufficient independence from their company’s management then
corporate financial pressure can sometimes skew the results of an RBI assessment
towards particular findings. Maintaining and demonstrating sufficient independence of the
RBI process is an important objective for senior management. Sometimes it is beneficial to
use external consultants as part of the team or to chair the RBI team.

Another pitfall is where an RBI team can fail to assess all the potential damage
mechanisms or risk factors if it has a ‘closed mind’ and assesses only what it expects to
find. The team must be encouraged to use enough imagination, foresight and thoroughness
to consider less likely, but potentially dangerous, scenarios and a wide range of fault
conditions. A link with the HAZOPS through having a person in common is a good idea.

Sometimes, when third party inspectorates intend to carry out RBI assessments for their
clients, ‘generic’ written schemes of examination are supplied. Generally, these do not have
as much rigour or take account of equipment’s history as an equipment specific
assessment. Information on previous operation or inspection history has probably not been
made available to the 3" party, particularly where the 3" party is chosen by a company’s
accountants, not engineers. When the 3" party used changes frequently, thus preventing
any continuity to be built up, it is extremely difficult to follow best practice, and it may not be
possible to use an RBI approach at all.

A pitfall to obtaining the best RBI assessment is where there is a lack of safeguards to
check that it actually conforms to best practice. Best practice guidance is available (see
Appendix B.8), and quality can be improved if measures are in place to ensure that it is
followed. An independent audit of the RBI process (such as discussed below) may be
beneficial in this way.

Once an RBI assessment is made, it needs to be reviewed periodically to the same level of
rigour. The safeguards that were recommended to uphold the assessment need to be
communicated and sustained even though the work-force and company may change over
time. This can be a particular problem where there is rapid turnover of staff or where there
are changes in ownership. The level of technical expertise and plant experience that was
available to make the initial assessment should be maintained so as to be able to assess
the importance of changes to the RBI assessment. Companies and regulators should be
watchful where the technical quality and experience of its workforce reduces and adopt a
more cautious approach.

Peer review and independent audit

When an RBI approach is being used to set inspection strategy for high hazard plant with
high consequences of failure, it is good practice for companies to undertake an
independent peer review and audit of the management of their RBI assessment process.
This might be an internal review within a large company by those with suitable expertise but
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not involved directly in the RBI or plant in question. An alternative is for an external review,
possibly by an independent competent body or consultancy organisation.

In addition to ensuring that the acceptable standards of conduct and professionalism are
being achieved, benefits from this approach might be an increase in knowledge sharing and
best practice across industry. Peer review and audits test the management processes and
competencies rather than specific inspection decisions and thereby provide an additional
level of security in an attempt to prevent poor RBI assessment being used to justify written
schemes of examination that are inadequate for high hazard installations.

The intention of the peer review would be to examine the stages of the processes that the
RBI team have gone go through to reach its decisions, and the factors that were considered
in reaching the inspection decision. It is not intended that the peer review effectively does
the whole job a second time. However, a review of how the members of the team have
been selected, how their competencies have been demonstrated, and what information has
been gathered for the RBI assessment and so forth can add rigour to the whole process.
Assessment of the management of change process is a key aspect of peer review.

A potential difficulty of carrying out an independent peer review of an RBI is in finding
people with sufficient appreciation of the types of process and equipment in question, and
an understanding of the typical operations. In large companies there may be similar
operations at different sites around the world so a confident audit team can be readily
formed from outside the local site, or from experienced personnel within a corporate
engineering team independent from a particular site. Third party inspection organisations
have the advantage of dealing with different companies, but need sufficient expertise to be
able to identify where there is a poor understanding of the whole system or limited
identification of damage mechanisms.

The peer review and audit should be undertaken with sufficient regularity to maintain
confidence in the organisation and management of the RBI assessment. Some companies
undertake them annually. The results of the peer review and audit are also useful in
discussions with the regulatory authorities.

Audit tool

In order to assist HSE inspectors and companies to audit the decision process for setting
internal examination requirements, an Audit Tool has been developed and is given in
Appendix A. The Audit Tool comprises a series of questions following the stages of the
process shown on page 10. The questions cover the main stages, but HSE inspectors and
companies may wish to modify or supplement the questions depending on the context.

Answers to the questions may be considered against the advice given in this report.
However, it will probably be evident from the reply whether the responder and the company
is taking RBI assessment seriously and responsibly. The aim should be to encourage the
use of good practice in inspection management, and to obtain a regime where the risks of
failure of equipment and to inspectors are reduced to as low as reasonably practicable.

The Audit Tool in Appendix A may be used in conjunction with the Audit Tool for Risk-based
Inspection Assessment in HSE’s Research Report CRR 363 (2001).
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Summary and Conclusions

A series of visits was made to companies pro-active in the application of RBI assessment in
order to establish the approach to internal examination that was being applied to pressure
and hazardous containment equipment at high hazard sites. Attitudes have moved away
from considering internal inspection to be always necessary, and towards selecting a
written scheme of examination that is suitable, effective and reasonable to control the risk
for a given time. As a result it is clear that there is an increasing amount of equipment
where intervals between internal examinations are being extended subject to periodic
review. Even so, the amount of equipment currently operating without internal examination
beyond ten or twelve years, or with that intention, is judged to be relatively small as a
proportion of the total.

The rigour of justification for extension of the intervals between internal examinations
depends on the scale of the potential failure consequences. There may be some very high
hazard situations where it would be difficult for a completely non-invasive inspection
approach ever to be tenable, and internal examination would remain in the WSE at a given
interval as a safety net. Conversely, it might be possible to apply some of the philosophy of
this report to equipment with a predictable and slow degradation rate if equipment integrity
would not be compromised before the next internal inspection (although the report and its
findings have been written with equipment with no active degradation mechanisms in mind).

The justification for extension of the intervals between internal examinations is based on an
RBI assessment demonstrating the absence of internal degradation, and controlled clean
non-corrosive service conditions. Even where the technical justification is robust, the
revised written scheme of examination depends on adherence to defined service limits for
the validity of the RBI assessment, and avoiding circumstances which would exceed that
validity range.

A decision to extend examination intervals might be supported by sufficient non-invasive
inspection, or by employing process/product monitoring and other safeguards. The written
scheme should be reviewed at appropriate intervals in the light of operating experience and
world knowledge, as well as in response to any change to the expected service conditions.
The opportunity for internal examination whenever equipment is opened should be taken.
On this basis, internal examination can, in practice, be scheduled after an extended period.
However, given that it is almost impossible to foresee every possible future occurrence
within an RBI assessment, sometimes it is prudent to carry out an invasive internal
inspection every ten years (for example) as a safety net.

The second part of the approach is to have a live system to identify when operation has
deviated from the defined service limits, either as a result of a planned change or from
unexpected upset conditions. In each case there is a need to quickly initiate the
Management of Change procedure, either as a formal policy or from a pro-active company
culture, which should decide the appropriate action. Good communications between the
operations and integrity management teams are essential since operations are often the
first to identify when changes to operation are beyond the defined limits.

Multi-disciplinary teams with a depth of experience and resource are necessary to make
RBI assessments upon which written schemes of examination could be based for
equipment holding high hazard product. User inspectorates enjoy the advantage of strong
day to day links with their equipment and a continuous production process. It may be
generally more difficult for third party inspectorates to maintain regular close links with the
equipment unless they have a regular on-site presence, but when this happens, a good
relationship with the equipment and operations is also possible. In both cases, a regular
audit of the management processes used for RBI assessments is an important safeguard.

The need and benefit of staying connected with world knowledge through industry
meetings, conferences etc, is widely recognised. The large multi-national companies were
able to share experience rapidly across their operating sites with similar processes and
equipment. Smaller organisations can access a similar level of expertise and knowledge
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through appropriate consultancy and professional activity. It is believed that the HSE could
play a greater role in disseminating information about failures and integrity issues across
UK industry. Trade bodies and professional institutions are seen to play an important role,
but they need to exchange information more readily between them and make their material
and discussion forums more accessible to companies in remote locations.
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Appendix A

Audit tool

This audit tool follows the procedure summarised in the diagram on page 10. It may be

used by companies and regulators as a basis for auditing the User’s criteria for deciding the

requirements for internal examination.

Forming the RBI Team

* Does the RBI Team contain people with all the required depth of technical knowledge,
plant experience and necessary competencies?

* To what extent does the RBI team follow established best practise guidelines?

Ensure Absence of Internal Degradation
* Has the RBI assessment been conducted in a wide-ranging way that could identify all
the potential degradation mechanisms from normal operations and fault conditions?

* |s the combination of vessel material and process fluids both stable and inert at all
times, including during start-ups, shutdowns and transients?

e Is there documentary evidence to support this from fabrication records, inspection
records, inspection reliability, operating history, monitoring data and world experience?

¢ How has the RBI assessment been linked to the HAZOPS?

Justify the Written Scheme of Examination Requirements
* Has the written scheme of examination for an extended internal examination intervals
been given an appropriate review date and when was it last reviewed?

* Has a ‘safety net’ inspection been considered after a long operating interval of, for
example, ten years?

* Have limits been set on the validity of the RBI assessment, and is a suitable control
system in place in case of deviations to the acceptable conditions?

Employ Adequate Safeguards and Compensating Measures
* Does the written scheme utilise non-invasive inspection to adequately compensate for

the lack of internal examination where this would be reasonably practicable?

* How are the process conditions monitored to ensure that conditions do not deviate from
those set by the RBI validity limits?

* What is the procedure for regular review of the RBI assessment and written scheme of
examination?

* What is the policy to undertake intermediate opportunistic inspections of equipment with
extended examination intervals? When might/have they been done, and how are the
results of opportunistic inspections used?

Management of Change Procedure
e What is the role of operations personnel involved in the management of change

procedure to review the RBI assessment?

* When a change to product chemistry, process conditions or equipment modifications
occurs, how is the impact on the validity of the RBI assessment and inspection
requirements managed?



Who is in the management of change committee; how are they notified of changes?

How fast is the response to unplanned changes, upset or abnormal conditions?

A.6 Organisational and Management Aspects

When was the RBI assessment process underlying the written scheme of examination
last reviewed or audited by a competent person and/or independent body?

How are the competencies of those on the RBI and management of change teams
sustained, verified and maintained?

How does the company maintain awareness of new technologies, failure mechanisms,
and peer experience outside the company?



B.1

B.2

Appendix B

Current practice and drivers for extending internal examination intervals

Key Drivers

The drive to consider the avoidance of internal examination for certain types of equipment
comes when the benefits in terms of increased confidence in integrity and safety from
making the examination are considered low, and where the practicality and costs of shutting
plant down and making it safe to enter and examine would be unreasonably high. Internal
examination can be a potentially hazardous operation for inspectors, maintenance and
cleaning personnel, and operators. Physical damage, and ingress of moisture and air
during examination can cause degradation of an otherwise inert system, and, in some
circumstances, examination can actually be detrimental to integrity.

The Pressure Systems and Transportable Gas Containers Regulations 1989:S1 2169
(PSTGCR), became part of the UK law in 1994, and were then revised as the Pressure
Systems Safety Regulations (PSSR, 2000). The PSSR gives operators the flexibility to
have inspection intervals and types of examinations that are suitable to ensure the safety of
their equipment without prescription, provided a written scheme of examination (WSE) is
drawn up or certified by a Competent Person. The American Petroleum Institute pressure
vessel inspection code (APl 510, 2006) allows an RBI assessment to be used to establish
appropriate inspection intervals for internal, on-stream and external inspections, with a
review of the RBI assessment at least every ten years or more frequently as warranted. The
development, application and acceptance of RBI assessment by industry, regulators and
code bodies over the past ten years has meant that, for certain kinds of pressure equipment
that are not expected to exhibit an active degradation mechanism, the interval between
internal examinations can be extended.

The principle of extended intervals between internal examinations is already established for
cryogenic storage of gases. HSE field inspectors have found that it is now being applied
more widely to other types of equipment at high hazard sites. It is perceived that it is mostly
the larger companies that are taking advantage of this regime, which is potentially beneficial
to both safety and plant economics.

UK Regulation of Pressure Systems and Containment

The UK statutory requirements covering the safety of pressure systems are contained in the
UK Pressure Systems Safety Regulations (PSSR, 2000). They define the responsibilities of
Duty Holders to manage their systems safely, and in particular, cover the requirements for
examination of equipment. The Regulations also define the duties of a Competent Person
in relation to the preparation or approval of a written scheme and the planning, conduct and
reporting of the examination.

The PSSR set the goal of preventing danger from release of stored energy by means of a
suitable scheme of examination, but do not prescribe the scope, nature or frequency. What
constitutes a suitable scheme is up to the Competent Person (and ultimately the regulator
and the courts) to judge. This leaves Duty Holders with the flexibility to plan inspections that
are suitable to assure the safety of their systems from assessment of the risks of failure.

Before a pressure system may be operated, the PSSR require Duty Holders to have a
written scheme of examination to be drawn up or certified as being suitable to prevent
danger by a Competent Person. The scheme must cover all protective devices and every
pressure vessel, pipeline and part of pipework in which a defect may give rise to danger to
persons arising from the release of stored energy. The scheme must also define the nature
and frequency of periodic examination with a due date for the next scheduled inspection
and, where appropriate, provide for an examination before equipment is used for the first
time.

In order to assist Duty Holders and Competent Persons, the Health and Safety Commission
has published an Approved Code of Practice (ACoP). The ACoP (PSSR, 2000) provides
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guidelines on the parts of a system that should be included in the written scheme (all
protective devices, pressure vessels, and parts of pipework liable to deteriorate by
mechanisms such as corrosion, creep, erosion or fatigue, or where failure would result in a
sudden release of stored energy), and on the frequency of examinations (carried out at
intervals that are sufficient to identify any deterioration likely to affect safe operation of the
system). With this advice, methods based on information generated from a risk assessment
are therefore fully consistent with the Regulations and the ACoP. The difficulty arises in
obtaining a consistent judgmental basis for risk-based inspection.

The PSSR are designed to protect against hazards arising from the release of stored
energy. Hazards arising from the release from containment of flammable or toxic
substances, whether pressurised or not, are covered by other regulations, including the
Dangerous Substances and Explosive Atmospheres Regulations (DSEAR, 2002) and the
Control of Major Accident Hazards Regulations (COMAH, 1999). Other equipment may also
required to comply to the PUWER regulations (PUWER, 1998), covering the safe provision
and use of work equipment. These also require that containment equipment is maintained
to prevent dangerous leaks of product with the expectation that they would be examined for
anticipated degradation at suitable intervals, but are not prescriptive, allowing the Duty
Holder to judge what examination is appropriate to prevent danger. In general, all
equipment should be:

* Suitable for use, and for the purpose and conditions in which it is used;

* Maintained in a safe condition for use so that people’s health and safety is not at risk;
and

* Inspected in certain circumstances to ensure that it is, and continues to be, safe for
use. Any inspection should be carried out by a competent person (which could be an
employee), and a record kept until the next inspection.

All of these regulations require companies (who are the Duty Holders) to employ a suitably
competent person(s) to ensure they are meeting the technical requirements. Attributes for
the role of the Competent Person (body corporate) in relation to pressure systems are given
in the ACoP. In larger companies it is usual for this role of Competent Person to be
undertaken in-house by a user inspectorate sufficiently independent from the operations
function. Although it is more common for medium and smaller companies to sub-contract
the Competent Person role to an insurer or engineering consultancy acting as a third party
inspectorate, it is not possible to sub-contract the responsibilities for safety under the law.
Companies should make themselves aware of their own responsibilities.

UK Industry Guidelines for Examination Intervals

The Institute of Petroleum has issued guidelines on pressure vessel examination (IP, 1993).
These guidelines give four different grades (from 0 to 3) which permit increasing intervals
between inspections. A pressure vessel starts its life at Grade 0 and after its first thorough
examination, and with suitable justification, can be moved up the Grades. The maximum
inspection interval is 144 months (Grade 3). Protective devices must be inspected every 72
months maximum. The justification required for the maximum inspection interval is either
that deterioration is at a low predictable rate, or that evidence and knowledge of the service
conditions are reliable and accurate enough for longer inspection intervals.

SAFed’s guidelines on the periodicity of examinations for pressure vessels (SAFed, 1997),
give advice on extending the intervals between examinations, and lists a large number of
factors that will influence that decision. These are divided into categories such as:

e History and documentation (including previous examination and NDT records,
documented repairs or modifications, and experience of similar equipment).

e Safe operating limits (including fatigue and creep assessments).

* Operation and maintenance (such as operating guidelines, experience and training of
operations staff, and maintenance procedures).

e Service conditions (the current age and condition of the system, the environmental
conditions and contents, ability for interim examination and on-stream monitoring,
condition and type of protective devices).
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e Failure modes (such as corrosion, fatigue, fracture, overpressure, including
consequences of failure).

In the 1970s and 1980s it was common that parent companies issued mandatory
requirements for internal inspection, such as every three years. Some large companies
issued their own in-house inspection procedures and codes of practise to complement the
other existing documents. Many large oil, gas and chemicals companies in the UK now use
RBI to extend these intervals for internal inspection.

Within the past ten years confidence in the RBI approach has grown, with the
demonstration of its ability to ensure integrity and few reported failures due to using an RBI
approach. At the same time the techniques for inspection, monitoring and data handling
have become more sophisticated, and continue to do so. Inspection intervals are reviewed
and refined as more experience is gained, and standard outage intervals of between 5 and
10 years have been found to be justifiable (although the higher end include external
intermediate inspections). The current practice in the UK is discussed further in Section 2.

API 510

The American publication APl Recommended Practice 510, ‘Pressure Vessel Inspection
Code: In-Service Inspection, Rating, Repair, and Alteration’ (APl 510, 2006), covers the in-
service inspection, repair, alteration, and rerating activities for pressure vessels and the
pressure-relieving devices protecting these vessels. This inspection code applies to
pressure vessels designed to ASME standards that have been put into service at oil
refineries and petrochemical processing facilities.

Section 6 of the document covers the frequency and extent of inspection, and how RBI can
be used to establish appropriate inspection intervals. It states that RBI may allow previously
established inspection limits to be extended, and that when this is done in order to extend
the inspection interval to beyond ten years, the RBI assessment shall be reviewed and
approved at intervals of up to 10 years. Although the document states that if an RBI
assessment is used to extend internal inspection intervals, then the RBI should include a
review of the inspection history and potential fouling of the vessel’s pressure relief devices.
It does not impose an upper limit on the inspection period.

It is worth being aware that APl 510 is a publication issued by the American Petroleum
Institute, and is not intended for UK installations per se, nor has it been written with the
requirements of the PSSR in mind. The experience base upon which it is founded is
essentially US design, materials specifications and operating practice, and while broadly
similar, may differ from equipment designed and operated to UK and European standards.
API 510 is nonetheless an influential document within the UK oil, gas and chemicals
industry, particularly with companies with US parents, and indeed, may be accorded more
authority in the UK than by equivalent industrial companies in the US. APl 510 is industry
recommended practice and is not the regulatory requirement. The US approach to using
RBI is covered in Section B.7.

Cryogenic Storage

It is established practice for some atmospheric pressure storage and pressure vessels to
operate for twenty to thirty years without an internal inspection. This is common for
cryogenic products such as liquefied natural gas (LNG), liquid nitrogen and liquid oxygen
storage. For these classes of equipment there are no expected degradation mechanisms,
and the act of warming up the vessels and emptying them in order to carry out an internal
inspection would impose significant and potentially damaging loading on the vessels.

Generally cryogenic storage vessels can also be inaccessible, even from the outside (due
to their insulation and secondary containment). The BCGA Approved Code of Practice
CP25 (BCGA, 2004) on revalidation of cryogenic static storage tanks gives evidence for
operation of cryogenic storage tanks for over 20 years of service without deterioration.
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One principal difference between the current practice for cryogenic storage and the clean
non-corrosive products under consideration in this report is the storage temperature. At
cryogenic temperatures there is no water present, because it is below its freezing
temperature. However, at the ambient temperature of storage of products like LPG, water
could be present in vapour or condensation. This has significant implications for any
potential damage mechanisms and corrosion, separate from the product itself.

At cryogenic temperatures the materials used for storage vessels are usually 9% nickel
steel for LNG and stainless steel or aluminium for liquefied gases. For storage at ambient
temperature, carbon steels are more commonly used, which are more susceptible to
aqueous corrosion. Additionally, the storage pressure for vessels at ambient temperature is
often higher than the pressure of storage for cryogenic products, which again poses a
higher requirement for structural integrity on the former as a result of the higher stresses.

European Approaches

In major European countries maximum intervals between visual internal inspections have
been prescribed by regulations. Using a survey from 2005, for example, in Germany and
Portugal the interval for pressure vessels was every five years, in Denmark and Finland
four years, in France 40 months, and in the Netherlands two to six years depending on the
hazard category. While prescriptive intervals still apply in these countries, the UK remains
unique in Europe in having a non-prescriptive goal orientated regulatory system where
those in charge of the equipment are responsible for assessing the risk and planning
appropriate inspection under the control of a Competent Person providing a degree of
independence.

There has, however, been a change in some countries towards longer intervals and the use
of RBI assessment. Planned changes in the Netherlands would allow the interval from the
first inspection after four years service to the second inspection be extended to a maximum
of eight years on the basis of a RBI assessment and then 12 years if a non-destructive
examination is carried out. In Italy a complete examination (internal and external) is now
required after a maximum of 10 years. In Germany, there are indications that the TuV
recognises the value of RBI and is adopting a more flexible approach.

Discussion of the role of risk-based inspection and maintenance procedures in Europe was
promoted by the European collaborative project and network RIMAP, which ran between
2001 and 2005. A Framework for applying risk-based inspection and maintenance
procedures was published as a CEN Workshop Agreement in 2008 (RIMAP, 2008). The
project proposed model approaches to risk-based inspection and example applications for
the power, petro-chemicals, chemicals and steel industries. The network comprised over 40
interested organisations representing operators, regulators and research organisations, and
gave a general level of endorsement to the models through presentations and discussion.
While RIMAP did not itself have any regulatory or codes and standards authority, it
established RBI as an acceptable approach within Europe that could lead to a more uniform
system of European practice towards the in-service inspection of pressure equipment.

American Approach

The regulatory requirements for the inspection of pressure vessels and equipment
containing high hazard product are largely determined by state jurisdictions. In some
instances, however, the requirements are determined nationally by federal regulatory
agencies including the Nuclear Regulatory Commission and the US Department of
Transportation. Inspection requirements for equipment used by the oil and gas refining and
chemicals industries tend to be state controlled, and vary slightly from state to state.

The National Board of Boiler and Pressure Vessel Inspectors comprise the Chief Boiler
Inspectors representing government agencies in each state. It exists to promote greater
safety through standardisation of methods and practices of construction, repair,
maintenance and inspection. In addition, it provides training and commissioning of
inspectors and other industry professionals, and the accreditation of qualified repair
organisations and owner/user inspection organisation (user inspectorates).
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During the manufacturing process, National Board inspectors undertake third party
inspection to maintain quality within the boiler and pressure vessel construction industry,
and the Board is active in promoting manufacturing, maintenance and repair standards. The
National Board Inspection Code is an American National Standard for (in-service)
inspection, repair and alteration of boilers and pressure vessels. It has been adopted by a
number (but not all) states and jurisdictions as well as federal regulatory agencies.

The American Petroleum Institute is an industry body representing the interests of the oil
and gas upstream and refining sector in the US. One of its objectives is to share and
promote good practice and common standards across the industry, and to this end it
publishes data, recommended practice and source documents. Its technical committees
largely comprise representatives of the major companies operating in this sector.

Over the past fifteen years, API has been active in developing methods and procedures for
applying risk-based inspection to refinery and other petrochemical equipment. After a study
conducted for the API RBI Sponsor Committee a draft of APl 581, a Base Resource
Document for RBI, was published in 1996, and revised in 2000 (APl 581, 2000).
Recommended practice for applying RBI followed as API 580 (APl 580, 2002). The use of
RBI as a means to set inspection intervals and decide the need for internal examination
was subsequently incorporated into APl 510 the Pressure Vessel Inspection Code for in-
service inspection, rating repair and alteration.

The key provisions of APl 510 as it relates to (internal) inspection intervals are outlined in
Section B.4. RBI may allow previously established inspection limits to be extended, and that
when this is done in order to extend the inspection interval to beyond ten years, the RBI
assessment shall be reviewed and approved at intervals of up to 10 years. A number of
conditions apply to this statement.

Discussions with the API Inspection Committee indicate that practices for internal
inspection of pressure vessels vary between states, with some states still having a
mandatory and prescribed requirement for internal examination. There is currently only
limited experience in applying the principles of API 510 for extending intervals, certainly
beyond ten years, although the industry believes on the basis of current knowledge that this
will be safe. API is working with the National Board and user inspectorates to monitor the
condition of old vessels withdrawn from service and the implications of adopting this policy.

Risk-based Inspection and Management (RBlI and RBM)

The risk of failure of an item of equipment is the combination of the probability of the failure
occurring within a certain operating period and a measure of the consequences resulting
from that failure. In terms of plant integrity, the key information to assess these risks is
generated from the design specification and drawings, construction quality, operational
experience and inspection records, and knowledge of the deterioration mechanisms and
the rate at which deterioration will proceed. The consequences of failure are assessed
taking account of the amount and characteristics (toxicity, flammability etc) of the fluid, and
energy released and the proximity of personnel and surrounding equipment.

This knowledge enables a risk-based inspection (RBI) report to set an effective and reliable
inspection strategy based on the uncertainties about degradation and susceptibility to
failure, the effectiveness, value and difficulty of conducting examination in relation to these
uncertainties, and the consequences of failure. RBI infers a course of actions for making an
inspection necessary to mitigate the risk. The information generated in the risk assessment
about potential deterioration mechanisms can be used to select inspection methods and
intervals that are effective to detect the type and level of deterioration anticipated.

Guidance to effective use of the RBI process is provided by EEMUA (EEMUA 206, 2006)
and HSE, which has published a guide, written by TWI and Royal Sun Alliance Engineering,
on best practice for risk-based inspection as a part of plant integrity management (HSE
CRR 363, 2001), which is publicly available on HSE’s website. The American Petroleum



Institute has published API Recommended Practice 580 (APl 580, 2002) on the application
of RBI and RBI Base Resource Document API 581 (API 581, 2000).

When a similar risk-based approach is used to try to justify avoidance or deferral of internal
inspection, it is more appropriate to talk in terms of risk-based management (RBM). RBM
integrates a wider field of influences and disciplines e.g. maintenance, operations, safety,
finance. It is this wider risk-based approach to engineering management and ensuring
integrity that will provide the justification for extending internal inspection intervals, since the
key issues are not how to inspect, but how to ensure that the whole system stays within the
clean, non-corrosive conditions that are safe for on-going service.

The difference in approach between RBI and RBM is particularly significant for companies
that use a third party inspectorate, and sub-contract their Competent Persons. Although a
third party inspectorate is competent to issue written schemes of examination based on RBI
principles, to do this they must make assumptions about the design, manufacture, usage
and maintenance of items of their customer’s equipment. An RBM approach will need to
revisit these assumptions and assess all the possible sources of hazard to find the ‘weakest
link’ in the while chain. This requires companies to have their own engineers with sufficient
expertise to work with a third party inspectorate to enable a suitable RBM review to be
carried out.

RBI and RBM require a multi-disciplinary team of qualified staff including the Competent
Person where appropriate, possibly with additional assistance of independent external
consultants. The team has to gather the relevant data, often from sources that may be
difficult to access, and this data has to be analysed. Several meetings of the team may be
necessary to make the risk assessment and plan the examination or agree a decision to
avoid. In order to provide an audit trail for regulators, formal records of meetings and
decisions are needed. The role of RBl and RBM in justifying extended internal inspection
periods is discussed further in Sections 4.9 and 4.10. The best practice for RBI and RBM
teams is covered in Sections 6.2 and 7.1.
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Establishing the requirements for
internal examination of high hazard

process plant

Low pressure cryogenic storage vessels are routinely
left in service for long periods of time without
examination of the internal surfaces. This approach
to examination is being considered and applied for
pressure vessels storing other products at warmer
temperatures, but where the ‘service’ may also be
declared ‘clean and non-corrosive’. However, there
is a need to establish the circumstances where
intervals between internal examinations could be
justifiably extended on the basis of a risk-based
inspection (RBI) assessment, especially when the
consequences of failure would be high.

With this in mind, the UK Health and Safety
Executive asked TWI to examine these issues with

a view of determining good practice from its own
insights, those of leading companies in the field, and
the experience of other regulatory regimes. The aim
is to develop guidelines by which the User’s criteria
for deciding to extend internal examination intervals
(whether or not these are also supplemented by
non-invasive inspection) may be audited by HSE
inspectors. The work is also expected to be useful to
operators of process plant at high hazard sites and
to third party inspection organisations.

This report and the work it describes were funded
by the Health and Safety Executive (HSE). Its
contents, including any opinions and/or conclusions
expressed, are those of the authors alone and do
not necessarily reflect HSE policy.
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