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Engineering Equipment and Materials
Users Association

About EEMUA

The Engineering Equipment and Materials Users Association is usually known by its initials,
EEMUA. EEMUA is governed by a council of members. This council is responsible for the policies,
financing, membership and strategy of the association. Any organization that is a substantial user
or purchaser of engineering products may apply to become a member of EEMUA. Membership is
subject to the approval of the council.

EEMUA aims

EEMUA aims to improve the safety, environmental and operating performance of industrial
facilities in the most cost-effective way, pursuing and promoting leadership in industrial asset
management by sharing engineering experiences and expertise, and by the active, enlightened
promotion of the distinct interests of users of engineering products. These aims are achieved by
various means, including:

- Providing the organisation within which networking, information sharing and collaboration
among users on non-competitive technical matters can take place.

- Influencing the way written regulations are interpreted and applied in practice.

- Promoting and presenting members’ views, and encouraging the application of good sound
engineering practices.

- Developing user guides, specifications, training and competency schemes.

- Facilitating members’ participation in national and international standards making.

- Influencing relevant national and European legislation and regulation.

The income and resources of EEMUA are applied solely towards the promotion of the aims of the
Association. No profit is transferred by way of dividend, bonus or otherwise to members. The
work of the Association is mainly carried out by members’ representatives on EEMUA Technical
Committees, Working Groups, and Forums, supported by EEMUA staff.

Incorporation, membership and other information

For the purposes of conducting its business, EEMUA is incorporated in England and Wales

as a company, limited by guarantee, not having share capital. All usual aspects of company
management and business administration are dealt with through the EEMUA Chief Executive,
including policy implementation and leadership of the Executive team (the staff).

A list of EEMUA Publications for sale is given at the end of this Publication. The full list is also on the
Association’s website, including details of on-line shopping facilities.

To enquire about corporate Membership, write to membership@eemua.org or call +44 (0)20 7488 0801.
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About this Publication

Legal aspects

All rights, title and interest in this Publication belong to EEMUA. All rights are reserved. No part of
this Publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means: electronic, mechanical, photocopying, recording or other, without the express prior written
agreement of the EEMUA Executive Director. Infringement of copyright is illegal and also reduces the
Association’s income thereby jeopardising its ability to fund the production of future publications.

It has been assumed in the preparation of this Publication that: the user ensures selection of those
parts of its contents appropriate to the intended application; and that such selection and application
is correctly carried out by appropriately qualified and competent persons for whose guidance

this Publication has been prepared. EEMUA and the individual members of the Work Group that
prepared this EEMUA publication do not, and indeed cannot, make any representation or give any
warranty or guarantee in connection with material contained herein. EEMUA and the individual
members of the Work Group that prepared this EEMUA Publication expressly disclaim any liability
or responsibility for damage or loss resulting from the use or reliance on this Publication. Any
recommendations contained herein are based on the most authoritative information available at
the time of writing and on current good engineering practice, but it is essential for the user to take
account of pertinent subsequent developments and/or legislation.

Any person who encounters an inaccuracy or ambiguity when making use of this Publication is asked
to notify EEMUA without delay so that the matter may be investigated and appropriate action taken.

Consultation and feedback

EEMUA encourages constructive comments on this Publication from both Members of the
Association and others.

Comments should be sent on the standard feedback form, a copy of which is provided towards the
end of this Publication. An electronic version of the feedback form is available from EEMUA:

e-mail your request for a copy to:
enquiries@eemua.org

or telephone your request to:
+44 (0)20 7488 0801

or download the form from the EEMUA website at;
WWw.eemua.org.

Submit comments by e-mail (preferred) or post.

Comments are considered by the relevant EEMUA Technical Committees and may be incorporated
in future editions of this Publication. New editions are publicised on the EEMUA website.
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Preface

The EEMUA PRS Technical Committee were aware of instances where during the course of
regulatory inspections of some high hazard sites, concerns were identified related to the adequacy
of overpressure protection and the management of identified risk. Specifically, cases where

the overpressure protection is undersize / inadequate and where a risk based approach for
managing the identified concern was adopted which does not stand-up to scrutiny or adequately
demonstrate “As Low As Reasonably Practicable” -ALARP. It was considered that there is a need for
improved industry guidance in this area of Management of Legacy Systems.

EEMUA has produced guidance Publication 236 which provides a platform for the development of
a risk based approach for the management of overpressure risk. It defines a standardised approach
that can be used to aid prioritisation of effort towards code compliance and help focus action
where it will reduce / eliminate risk fastest (and most effectively) whilst also helping to provide

a framework for ALARP where strict adherence to code may not be easily achievable without
incurring disproportionate or excessive cost. The absence of such guidance (or equivalent internal
company procedures and expertise) increases the risk of a Major Accident and / or the potential for
a Legal Noncompliance which may result in regulatory enforcement action.
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1. Introduction

Throughout the life of a plant, new process safety hazards can be identified. This might be as part
of a periodic formal process safety review; related to change in equipment, use or operating mode;
deterioration and damage due to ageing; or may be due to changes in industry practice resulting
from lessons learned or step changes in technology.

In some cases these new process safety hazards may result in potential situations where
equipment can exceed the code allowable overpressure. It is important to understand the impact
of a new hazard on the installed equipment and whether new operational risks are introduced,
including risks to personnel, surrounding environment and licence to operate.

This document aims to give a basis for understanding the risk associated with exceeding code
allowable overpressures, and ultimately assisting an equipment operator in making the decision
as to whether procedural and / or physical plant modifications are required to maintain safe
operations.

The intention in this document is to balance the risk of performing physical modifications to
ageing plant to maintain code compliance (e.g. changing a nozzle size on existing pressure
vessels), against the risks associated with exceeding code allowable overpressures, and to make
the case that, in some instances, the lowest risk option is to manage the ongoing risks of exceeding
code allowable overpressures, rather than make physical plant modifications.

The approaches outlined here are applicable only to legacy systems. Legacy systems are described
in more detail later in this document and there is also a separate EEMUA publication on this topic
(to be issued as EEMUA 216 [6]). The expectation for any new facility or equipment item is that it
shall be designed within code limits and all overpressure scenarios and associated hazards should
be documented and addressed, hence the approaches outlined are not appropriate for new
facilities.

This information sheet has been developed by EEMUA Working Group 94, under the authority of
the EEMUA Pressure Relieving Safety Systems (PRS) Committee.
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2. Glossary of terms

As Low as Reasonably Practicable (ALARP).
This involves weighing a risk against the trouble, time and money needed to control it.

Corrosion Allowance (CA)
Amount of wall thickness added to the pipe or component to allow for corrosion / erosion / wear
(Ref: APIRP 17G)

Extra wall thickness added during design to compensate for any anticipated reduction in thickness
during the operation. (Ref: Offshore Standard DNV-OS-C101 & ASME BPVC standards)

Critical Crack Size (CCS)

The length, at a given stress / pressure level, at which a crack becomes unstable and crack
propagation continues spontaneously leading to rapid failure. A critical crack at pressures above
design pressure will be smaller than the critical crack defined at design pressure. Structures must
be inspected periodically to ensure actual crack size is smaller than critical crack size, otherwise the
structure is certain to fail.

Design Pressure (DP)

The design pressure is the maximum pressure the vessel can be exposed to, and is typically
between 10 and 25 percent above the maximum operating pressure, and is equal to, or slightly
lower than, the MAWP.

The design pressure of each component in a piping system shall not be less than the pressure at
the most severe condition of coincident internal or external pressure and temperature (minimum
or maximum) expected during service, except as provided in para. 302.2.4. (Ref: ASME B31.3).

The design pressure can also be the pressure at the top of each chamber of the pressure
equipment chosen for the derivation of the calculation pressure of each component (Ref: BS EN
13445-3).

Fitness For Service (FFS)
A detailed assessment to show that, although a vessel may not meet all code requirements, it is
suitable for continued operation in the service that it is operating.

Operating Pressure (OP)
The operating pressure is the pressure that a vessel is subjected to when in service.

HAZOP
Hazard and Operability study
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Hydrostatic test pressure (P¢) and corrected hydrostatic test pressure

The pressure at the top of a vessel when subjected to a hydrostatic test. The pressure typically
varies between 130-143% of design pressure depending on the applicable design standard. In
some cases a higher hydrostatic test pressure may be specified for specific services.

In some cases, the hydrostatic test pressure requires correction to include the effects of differences
between design temperature and the temperature during the hydrostatic test, and also for
changes in corrosion allowance during service.

Prior to using the hydrostatic test pressure in any risk assessment, it is important to understand
whether the pressure has been corrected for temperature and / or corrosion allowance, and make
the appropriate adjustments.

Where other testing methods are used (e.g. pneumatic pressure test), this test pressure should be
used in place of hydrostatic test pressure for any risk assessment.

LOPC
Loss of Primary Containment.

LOPA
Layers of Protection Analysis.

MAWP

The Maximum Allowable Working Pressure (where stated) is the maximum pressure which the
weakest point of the equipment, system or vessel can handle at a specific temperature when in
normal operation. MAWP may be stamped on ASME VIl vessels, but it is not a term used in all
design codes.

PHA
Process Hazard Analysis.

RAGAGEP
Recognised And Generally Accepted Good Engineering Practice.
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3. Legacy systems

For the purposes of this document, legacy systems are defined as those systems where the
available documentation or records fail to fully define the system being protected, the system
design pressure(s), the materials being handled, the causes of over or under-pressure, the
philosophy and design basis of overpressure protection (e.g. relief valve, bursting discs, high
integrity instrumented systems) and the performance of the system in practice, etc.

Those systems involving relief devices should be regarded as legacy systems if the following items
are not fully documented and applicable to the current operation of the protected system:

« Required relief rate for each identified cause of over (or under) pressure;
- The sizing basis for the selected devices; and
- Confirmation that the selected device(s) provide adequate relief capacity.

This could also be extended more generally to “overpressure protection” as relief devices are not
the only means of protecting against overpressure. In some cases, instrumented protection may
be provided, which may also be regarded as being legacy systems if they are not fully defined as
described above.

3.1 How do systems become legacy systems?

A number of issues can contribute to an over (or under) pressure protection system becoming a
legacy system. These can include but are not limited to:

- Loss of original design documentation (particularly an issue for mature plant);

- Oversight or omissions in the original design;

- Ineffective Management of Change;

« Changes to process operating conditions or reactants (including impurity levels), the effects
of which were not fully considered and documented at the time;

- Cumulative effect of numerous changes over the life cycle of the plant;

- Process capacity uprating leading to changes in, for example, control valve capacity, where
the impact on the over pressure protection system has not been fully and adequately
considered;

- Changes to equipment due to, for example, replacement of existing equipment, such as heat
exchangers, by equipment with different physical characteristics (e.g. larger tube diameter
which could impact on the relief rate associated with tube failure);

- In-service fouling reducing heat transfer rates and increasing rates of reaction runaway;

- |dentification of safety issues, e.g. from HAZOP, PHA etc. or safety incident;

- Increase in frequency of occurrence for any initiating cause taken into consideration for the
SIL assessment of instrumented systems, such as increased frequency of start-ups or shut
downs, increased maintenance frequencies, etc.,;

- Removal of independent layers of protection or changes to them making them less reliable,
which may increase the SIL requirement of instrumented protective systems;

« Developments in industry recommended practice, e.g. RAGAGEP or similar;
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- Changes to legislative environmental practices;
- Obsolescence due to ageing or degradation of equipment;
- Corporate changes leading to loss of knowledge.

The following sections of this document outline the proposed approach to tackling issues related
to exceeding code allowable overpressure associated with legacy overpressure protection systems.
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4. Impact of exceeding code
allowable overpressures

The tolerability of exceeding code allowable overpressure ultimately depends upon the
expected outcome of that happening. To establish the risk associated with a scenario that
results in exceeding code allowable overpressures, it is necessary to establish both the probable
consequence / severity of the scenario and also the likelihood of it occurring.

4.1 Background relating to likelihood of failure

From a mechanical engineering perspective, there are a number of key points that feed into the
development of an approach for dealing with the likelihood of failure as pressure increases above
design.

- Exceeding equipment MAWP and / or Design Pressure will not necessarily result in loss of
containment. However, the likelihood of failure will increase with increasing overpressure.
- Quantification of the rate of increase of likelihood of failure with any accuracy is likely to
be problematic, if not impossible. It is difficult to predict the exact overpressure at which a
pressure vessel will fail, even if a full FFS analysis is carried out.
- Design Codes have an inherent margin of safety based on the fabrication material properties,
temperature etc. This is there to deal with issues such as:
Uncertainty over stress levels in complex geometries.
Variations in metal properties between manufacturers and batches.
Unknowns such as missed defects in welds — either through a problem with the
examination process or as a result of sample NDT.
- Hydrostatic testing demonstrates that, at the time of the test, the vessel can safely withstand
the test pressure.
« Vessels will degrade in service (e.g. by corrosion) and this degradation will potentially impact
on their ability to safely withstand pressure.
- Whatever approach is agreed upon to assess both likelihood and consequence of vessel failure,
there can be a requirement to carry out a detailed, vessel specific assessment in some cases.

It should be noted that the approaches outlined in this document are applicable only to legacy
systems. Any new facility or modification shall be designed within code limits.

4.2 Vessel degradation

It is expected that vessel condition will deteriorate throughout the life of the plant. However, that
the vessel condition is known and understood, and that there are no integrity issues are important
prerequisites for using this proposed approach for assessing the consequences of exceeding the
overpressure allowed by the code.

Potential integrity threats to manage through the lifecycle are:

- Corrosion / erosion
- Cracking
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