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FOREWORD

Secondary containment, including the use of bunded areas, is an established requirement for bulk
storage of petroleum, petroleum products or other fuels in above-ground storage tanks (ASTs). In
Great Britain (GB), most such storage sites are regulated under the Control of major accident hazards
(COMAH) regulations, and secondary containment is specified in COMAH competent authority (CA)
Policy on containment of bulk hazardous liquids at COMAH establishments (‘Containment policy’)
and its associated guidance COMAH CA policy on containment of bulk hazardous liquids at COMAH
establishments: Supporting guidance for secondary and tertiary containment and implementation
principles for regulators (‘Containment policy implementation principles’). To a large extent,
current requirements arise from the prominent discussion of secondary containment bunds during
the investigation following the Buncefield incident and the subsequent practical interpretation of
pertinent investigation recommendations.

Nevertheless, the detail and range of bund design and operation, including inspection and testing,
have not been well documented. In recognition of the wide range of factors impinging on how to
improve integrity of bunds to ASTs using liners, and the significant cost implications of installing or
upgrading secondary containment bunds, the Energy Institute (El) commissioned research examining
bund liner conceptual design criteria and methods of appraising performance, particularly pertaining
to the permeability of the containment, and its integrity performance over time. The research
informed the development of this publication.

This publication is intended primarily for use by process safety specialists, designers, inspectors,
regulators and operators and owners of facilities holding bulk stores of petroleum, petroleum
products or other fuels in ASTs.

The information provided in this publication aims to explain the multi-layered aspects of bund design,
and to categorise these aspects in such a way that proposed individual bund systems can be gauged
against expected performance specifications. The aim is to provide a method for applying liner design
criteria, the appraisal of liner options, planning and managing the installation, and the operation and
decommissioning of lined bund containment features. In particular, consideration has been given to
permeability specifications and known technical and practical constraints. Methods for the evaluation
of bund performance (during both installation and operation) are also provided.

Following the principles set out in this publication should enable operating companies to efficiently
and effectively design, implement and maintain liner systems with a high degree of integrity, without
the need to resort to over-design or over-engineering. In addition, these principles should serve to
assist the value engineering process, helping to drive efficiency and ensure compliance with the
COMAH CA's requirements.

The information contained in this publication is for guidance only, and while every reasonable care
has been taken to ensure the accuracy of its contents, the El, and its technical committees, cannot
accept any responsibility for any actions taken, or not taken, on the basis of this information. The
El shall not be liable to any person for any loss or damage that may arise from the use of any of the
information contained in any of its publications.
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1.1

INTRODUCTION

INTRODUCTION

Secondary containment, including the use of bunded areas, is an established requirement for
bulk storage of petroleum, petroleum products or other fuels in above-ground storage tanks
(ASTs). In GB, most storage sites are regulated under the Control of major accident hazards
(COMAH) requlations. These regulations implement most of the requirements of the EU
Directive on the control of major-accident hazards involving dangerous substances ('Seveso Il
directive'), which aims to prevent major accidents involving dangerous substances, and limit
the consequences to people and the environment.

Secondary containment is specified in COMAH Competent Authority (CA) Policy
on containment of bulk hazardous liquids at COMAH establishments (' Containment policy")
and associated guidance. To a large extent, current requirements arise from the prominent
discussion of secondary containment bunds by the Buncefield Major Incident Investigation
Board (BMIIB) during the investigation following the Buncefield incident (see HSE Buncefield
Major Incident Investigation Board — The Buncefield incident 11 December 2005: The final
report of the Major Incident Investigation Board — Volume 1) (HSE BMIIB Final report Volume
7). Subsequently, their recommendations were practically interpreted by the Buncefield
Standards Task Group (BSTG) (see HSE Buncefield Standards Task Group — Final report: Safety
and environmental standards for fuel storage sites) (HSE 'BSTG Final report') and latterly by
the Process Safety Leadership Group (PSLG) (see HSE Process Safety Leadership Group Final
report: Safety and environmental standards for fuel storage sites) (HSE 'PSLG Final report')
(which replaces and supersedes HSE BSTG Final report).

Part 4 of HSE PSLG Final report provides information on bund liner systems and fire
resistance. COMAH CA Containment policy defines a permeability performance requirement
by stating that 'bunds shall ... be impermeable'. However, neither provides information
on permeability, longevity and how to evaluate performance in the long term. Given the
significant capital expenditure involved for operating companies and the ongoing impacts on
operations, assurance is required that available and practical bund lining options have a long
term capability to meet the permeability performance requirement, and other performance
and design requirements included in the current guidance and policy statements. This applies
to both newly constructed facilities, and where secondary containment systems are being
retrofitted to existing ASTs. This publication aims to address these gaps in knowledge.

This publication forms the key deliverable from the agreed research programme. The
research upon which it is based was carried out in the latter part of 2011 and early 2012,
and therefore references to current and existing circumstances and issues relating specifically
to that time period.

The first part of the publication (sections 2 — 3) gives background information to
the current situation and knowledge with a review of existing practices based on research
findings, regulations and good practice requirements; it then continues with a review of the
main available liner types.

The majority of the publication is aligned to the life cycle of a liner; from the
consideration of design criteria and initial liner appraisal and selection process, through
to installation, including development of pre-installation quality assurance/quality control
(QA/QQC) plans, an installation programme and post-installation testing. The guidance
discusses the operational management and inspection of the liner in situ, and finally the end
of life decommissioning process. Figure 1 shows this liner life cycle.

10
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Stage 1:
Appraisal and
selection
Stage 4: Liner life cycle Stage 2:
Decommissioning Installation
Stage 3:
Operation

Figure 1 Liner life cycle

The information is provided as:
- Stage 1: Appraisal and selection (section 4).
- Stage 2: Installation (section 5).
- Stage 3: Operation (section 6).
- Stage 4: Decommissioning (section 7).

The intention is that the defined design criteria, inspection and performance appraisal
methods should be used as a framework by any hazardous liquid bulk storage facility; in
particular those storing petroleum, petroleum products or other fuels. They should also
allow elements of an individual site design to be prepared or evaluated against accepted
benchmarks, in terms of permeability performance and adaptation to site conditions and
constraints.

It should be noted that in GB containment systems should comply with other
pertinent legislative frameworks, in addition to the COMAH Regulations.

OVERVIEW OF BUND LINER LIFE CYCLE PROCESS

Consideration of the four stage bund liner life cycle process outlined in this publication should
assist operating companies to maximise the performance of their lined bunds at all stages of
the process, whether the bund is at the core of an effective secondary containment system,
or as a part of tertiary containment or other facility system. There follows an explanation of
each stage.

Stage 1 outlines the liner appraisal and selection process and introduces the
categories of relevant design criteria. Prior to liner selection and design, an appraisal of liner
options should be carried out, not only to demonstrate value for money, but also to ensure
that the chosen liner meets fundamental performance requirements, and environmental and
site-specific constraints. In order to inform the liner appraisal process, operating companies
should consider the necessary design criteria, which in turn requires an understanding of site
baseline conditions, and stakeholder and performance requirements.

1"
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1.3

Stage 2 develops the concept that any liner design is strongly reliant on effective
and reliable installation for successful operation. Installation is also commonly the only time
some features of the site or system can effectively be inspected or tested. Any evaluation
of a lined bund system where there is an absence, or a deficit, of information and data
relating to installation in accordance with an agreed design, will be subject to significant
uncertainty. Where this is the case, there will also be an increased risk of significant flaws or
potential failures being undetected or discounted. Fundamental to any liner installation is a
three-phase plan covering pre-installation (preparatory) issues; the installation activities
themselves, and establishing post-installation management and monitoring systems.

Stage 3 sets out a basis for systematically and comprehensively incorporating
all secondary containment features, including lined bunds, into the site operating and
management procedures, to at least the same degree as the storage tanks and pipework
themselves. This should effectively protect the lined bunds and minimise the risk of failure
should they be called into action. Secondary containment operating and management
procedures should include an element of designed and documented operational performance
appraisal for all bunded areas, in addition to any applied during construction/ installation.
The key features should include: establishing a baseline; routine inspection and maintenance;
testing and monitoring; establishing response procedures, and developing a workable
documentation system to record the process.

Stage 4 discusses the final part of the life cycle, which is essentially the reverse
of installation, although this decommissioning phase is currently little considered during
Stage 1. Consideration should be given to removal methodology and how this impacts on
tank farm operation and other site operations. Observations and tests undertaken during
decommissioning could be a valuable source of information for feedback into the design,
installation and operational aspects of lined areas and secondary containment in general, as
well as improving the currently underdeveloped decommissioning process itself.

SCOPE

This publication is intended to provide a practical framework and source of information for
those involved in the planning, management and operation of bulk storage facilities using
ASTs, where lined bunds are expected as the principal type of secondary containment (see
section 2). Whilst the guidance provided here is applicable to bulk storage of petroleum,
petroleum products or other fuels, it should be similarly applicable to other hazardous liquids
stored in ASTs and subject to the requirements of the COMAH CA Containment policy.

This guidance compiles available background information on the regulatory and
practical constraints applying to bulk storage sites and introduces the concept of a staged
life cycle process to the design, installation and operation of lined bund containment. The
publication attempts to comprehensively describe the different factors that influence and
impact upon the selection and installation of lined bunds, using a staged, categorised
approach and making reference to established good practice and industry experience.

The guidance provided here has been informed by a literature review, surveys and
discussions with professionals working within the petroleum and allied bulk storage sectors,
its regulators and product suppliers. This work has taken cognisance of the reported findings
of major investigations into significant industrial accidents and limited direct questioning
of operating company site managers. The publication represents a compilation of what is
currently considered to be practical and typical in terms of the specification, selection, design,
installation and operation of lined bunds around bulk ASTs.

The publication does not attempt to justify secondary containment requirements;
rather it is intended to explain the factors that should impact on the effective design,

12
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installation and maintenance of a lined bund as part of a system of secondary containment, as
currently required by GB legislation and regulatory guidance. Such factors would be expected
to impact bunds being used for other purposes (like tertiary containment) in a similar manner.

In recognition of the site-specificity of secondary (and tertiary) containment
design and the influence of different organisational policy and procedures, the publication
purposefully does not provide a definitive liner selection approach or does not seek to replace
site-specific design and optioneering studies. It should however provide a useful starting
point and general guidance to such studies.

Excluded from the scope of this publication is the selection, installation and ongoing
assurance for product options like under-tank liners and leak detection systems that are used
to provide additional integrity underneath ASTs. This is subject to a separate El technical
development project.

The publication provides guidance only; it has no legislative standing and does not
replace or modify any current legislative requirements or regulatory policy statement. The
intent is that this publication is compatible with, and builds on them by providing additional
information.

APPLICATION

This publication is intended primarily for use by process safety specialists, designers, inspectors,
regulators and operators and owners of facilities holding bulk stores of petroleum, petroleum
products or other fuels in ASTs, particularly those facilities in GB that fall under the COMAH
regulations. It may also be applicable to facilities that contain other products within the scope
of the COMAH CA Containment policy. This publication should be applicable both to new
installations and those at existing facilities.

Whilst the focus of this publication is bulk storage facilities, the information provided
here may also provide a useful reference for sites holding smaller quantities of petroleum,
petroleum products or other fuels in ASTs. In applying the guidance to smaller sites, different
emphasis may need to be placed on some of the issues.

Through explanation of the principles behind the design, maintenance and inspection
of bund liners, the publication aims to provide stakeholders with an understanding of the
requirements of the regulatory framework. It also covers the safety and environmental
management principles invoked, and how these can be applied practically to the design and
management of individual site facilities, to minimise the performance degradation of the
installed liner system.

In line with recent legislation in GB, Europe and internationally, this publication does
not set out prescriptive practices for adoption. Instead, it provides good practice guidance
on options that may be needed to satisfy pertinent risk drivers; in particular, legislation,
environmental protection, safety, reputation and business interruption.

This publication is based primarily on GB (and European) legislation and policy
framework, publications and good practice. However, it is universally applicable provided
it is read, interpreted and applied in conjunction with relevant national and local statutory
legislation and publications. Where the requirements differ, the more stringent should be
adopted.
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