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Risk-informed regulation of reservoirs: An outline regulatory framework

Introduction

The Flood and Water Management Act 2010 requires a risk-informed approach to reservoir regulation but
offers no detail as to how this should be achieved; expecting secondary legislation and guidance to provide this
clarity. Defra commissioned this research project to scope a new risk-informed approach to reservoir
regulation and provide the first stage in the evidence base to develop procedures to impose differential
requirements for reservoir safety.

Approach

A risk-informed regulatory framework has been developed through discussions with industry stakeholders and
with reference to international practice. The proposed framework provides:

e A structured and transparent framework

e Consistency with the current legal framework in England and Wales

e Avarying burden on the Enforcement Authority consistent with the level of risk

e Avarying burden on undertakers consistent with the level of risk

Within the framework, effort has been made to:

e Provide clear roles and responsibilities between undertakers, planning authorities, the Enforcement
Authority and other stakeholders

e Encourage collaboration amongst stakeholders to manage risk down

e Ensure a process of on-going review

Guiding principles

Two important considerations have guided the development of the framework:

e Simplicity — It is important that the framework of regulation proposed is appropriately simple, yet credible
and readily understood by undertakers and the Enforcement Authority alike. A clear message from the
workshops was that to be workable the framework must be appropriately simple so as to be readily

understood.

e Industry capacity for change — the capacity for change is limited and, where possible, consideration
should be given to the staged implementation of a risk-informed framework.

SID 5 (Rev. 05/09) Page 2 of 34



Risk thresholds and regulatory framework

Fundamental to risk-informed regulation is clarity on the thresholds used to define different levels of risk. To
help inform the development of these, the principles of tolerability of risk have been translated into clearly
identified risk thresholds for regulating and managing reservoir safety (see Figure 3.1). These thresholds lead
to the definition of the following risk categories for reservoirs, listed in order of increasing regulatory
requirement:

e Low hazard - The physical characteristics of the dam, the reservoir it retains, and the potential flooded
area are such that any breach wave would not pose a significant hazard to people or property regardless of
the present or future downstream land use. These reservoirs would be excluded from the Act, and thus
there would be no need to register low hazard reservoirs.

e Low consequence - The absence of people and property etc in the potential flooded area implies that no-
one is likely to be harmed in the event of failure. Thus any reservoir (including a large reservoir capable of
producing a large breach wave) could be classed as a low consequence reservoir, if no vulnerable
receptors are in the potential floodplain. Low consequence reservoirs must be registered.

e High risk - Those reservoirs where both the hazard and the potential consequences are significant. For
such high risk reservoirs, the undertaker will be expected to reduce risk to a level that is as low as
reasonably practicable. In some instances the risk may be so high as to be considered unacceptable (so-
called high risk (unacceptable)). In such cases, all practical measures (irrespective of cost) should be
explored to reduce the risk. Where this is not possible, the undertaker will need to agree an exemption with
the Enforcement Authority that confirms the undertaker has taken all practical steps and that the societal
benefits accrued by the reservoir outweigh the risks. High risk reservoirs must be registered.

The proposed risk-informed regulatory framework utilises the risk thresholds presented above to define
appropriate roles and responsibilities for both the regulated parties and the Enforcement Authority that can be
associated with each risk category. An overview of the framework is shown in the figure below.

More details of the framework and recommendations on the priorities for moving from research to practice are
provided in the main report.

For further information contact Mark Morris of HR Wallingford or Paul Ditchfield at Defra.
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. Project Report to Defra

8. As a guide this report should be no longer than 20 sides of A4. This report is to provide Defra with
details of the outputs of the research project for internal purposes; to meet the terms of the contract; and
to allow Defra to publish details of the outputs to meet Environmental Information Regulation or
Freedom of Information obligations. This short report to Defra does not preclude contractors from also
seeking to publish a full, formal scientific report/paper in an appropriate scientific or other
journal/publication. Indeed, Defra actively encourages such publications as part of the contract terms.
The report to Defra should include:

e the scientific objectives as set out in the contract;

the extent to which the objectives set out in the contract have been met;

details of methods used and the results obtained, including statistical analysis (if appropriate);
a discussion of the results and their reliability;

the main implications of the findings;

possible future work; and

any action resulting from the research (e.g. IP, Knowledge Transfer).

Scoping the Process for Determining Acceptable Levels of Risk in Reservoir
Design - Project Report

1. Introduction

1.1 Background
The Flood and Water Management Act 2010 [2] promotes a more risk-informed approach to the regulation and
engineering assessment of reservoirs. The objectives of this research project are to:

e Scope arisk-informed framework of regulation for reservoir safety management that requires the regulatory
effort to be commensurate with the risk posed thus reflecting the wide range of sizes and settings for UK
reservoirs.

e Highlight, where required, updates to the existing cohort of standards-based engineering guides with a view
to providing consistent risk-informed support to reservoir safety management.

1.2 Motivation for the research

The drivers for the project are derived from the replacement of the prescriptive 1975 Reservoirs Act [1] with the
Flood and Water Management Act 2010 [2] that requires a risk-informed approach, but offers no detail as to how
this should be achieved in the expectation of secondary legislation and guidance. The motivation for this
research is therefore threefold:

1) The current engineering design standards have been in place for some time and do not necessarily reflect
current best practice or wider societal views on the level of risk that is acceptable or tolerable for the type of
risk posed by reservoirs.

2) The desire to avoid incurring unnecessary expense whilst maintaining adequate safety. The current standards-
based approach can focus effort inefficiently.

3) Current analysis methods can be overly complex and by inference costly. Not all reservoirs demand the same
level of analysis or regulation. For example, a full Quantitative Risk Assessment (QRA) may be justified for
high risk situations in which a high level of confidence is needed, or where risk reduction is very costly; but
less rigorous analysis may be appropriate for cases where risks are small or the needed actions are obvious.
Tiered risk analysis, from initial screening to more detailed methods, that reflect the importance of the
decisions being made is required.

This research provides a move towards a more risk-informed approach to reservoir safety in England and Wales.
However, as stated in the Defra Specification document for this project: “This project forms the first stage in the
evidence base to develop procedures to impose differential requirements for reservoir safety.”

1.3 Scientific objectives
The specific objectives of the project are to:
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e Develop and scope a possible tiered approach to reservoir safety risk management and provide staged
recommendations to progress towards a full risk-informed framework. This has been achieved and outlined
in the following report.

e Provide a conceptual framework for regulation that is risk-informed by screening out lower risk reservoirs and
providing a focus on higher risk reservoirs. This has been achieved with the inclusion of low hazard, low
consequence and high risk categories.

e Provide a way to differentiate between the level of risk for higher risk reservoirs, where the regulatory effort
and extent of risk reduction measures by the undertaker are proportional to the risk. This has been achieved
through the inclusion of different risk categories, including the use of an unacceptable risk category for the

highest risk dams.

Note: It is not the aim of this project to develop the supplementary legislation and engineering guides that will be
needed to support risk assessment, remedial action and regulatory or management decision making. This

guidance will need to be developed once the regulation framework is agreed.

1.4 Overall approach to the project
1.4.1 Research structure

To achieve the specific objectives of the project, the work was organised in five tasks as shown in Figure 1.1. The
first three tasks formed the basis for the scoping of a tiered approach to risk-informed reservoir safety
management that was specifically developed in Task 4. Three Interim Papers (Bowles et al, 2010 [3], Brown et al,
2010 [4] and Sayers et al, 2010 [5]) were produced as outcomes of the four tasks, upon which this final report is

based.

Task 1: Identification of reservoir
safety risks and current
management practice

[}
Task 2: Review,of acceptable risk
________ levels in Eu_rredt reservoir safety

best practice and other
comparable fields

= F ==

Task 3: Assessment of reservoir
characteristics affecting reservoir
safety risks

Task 4: Scoping a tiered approach
to risk-informed reservoir safety
management

v

Stakeholder
meeting

Stakeholder Briefing
Paper

Task 5: Provide project report, detailing review,
findings, conclusions and recommended actions

Figure 1.1 Overall approach to the project

1.4.2 Consultation process

P__

Interim Paper #1

F>

Interim Paper #2
Interim Paper #3
Technical
< --- Advisory << -----

Group

Throughout the project, significant effort has been devoted to incorporating expertise from outside of the project
team through extensive consultation, including discussion with:

e A Project Board (led by Paul Ditchfield of Defra) - including members of Defra and the Project Team with
knowledge in the fields of dam safety and flood management policies.

e A Technical Advisory Group (TAG) - comprising selected dam and reservoir owners, including water
companies and representatives of farmers and sport clubs as well as international experts on risk
management in general. The TAG was involved throughout the development of the project through regular
web teleconferences and provided valuable input at key points of the project.
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Technical Advisory Group Organisation — Role

lan Hope Severn Trent Water — Dams & Reservoirs Manager

Keith Gardiner United Utilities — Regional Reservoir Manager

Jon Green Thames Water — Asset Condition & Risk Assessment Manager
Tung Chung Dwr Cymru Welsh Water

Tony Deakin Environment Agency — Reservoir Safety Team representative
Derek Holliday Country Land & Business Association — Head of Environment
Jenny Bashford National Farmers Union — Water Policy Advisor

Dafydd Jarrett Farmers Union of Wales Cymru

Marcus White English Golf Union

Mark Owen Angling Trust — Environmental Campaigns Manager

Jean Le Guen Independent expert — Health & Safety Executive (retired)

Table 1.1 Members of the Technical Advisory Group (TAG)

e The wider industry - including dam and reservoir owners as well as consultants and experts in dams, Panel
Engineers and representatives from the British Dam Society engaged through written correspondence as well
as face-to-face workshops held in Reading and Leeds, to give people based in the north and in the south
equal opportunities to take part in the workshops, and therefore broadening the likely attendance. Thirty-six
people participated in total. The discussion at these workshops has been vital in shaping the framework
presented in this report.

1.5 Success criteria — A goals not process focused framework

The desirable attributes of a successful regulatory framework have been defined as providing the following:

e A structured and transparent framework of regulation

e Consistency with the current legal framework in England and Wales

e Avarying burden on the Enforcement Authority consistent with the level of risk

e Avarying burden on undertakers consistent with the level of risk

with:

e Clarity of responsibilities between undertakers, planning authorities, the Enforcement Authority and other
stakeholders

e Encouragement of collaboration amongst stakeholders

e A process of on-going review

¢ Regulatory costs appropriately limited without compromising safety.

In seeking to achieve these criteria, it is important that the regulatory framework proposed is focused on the
outcomes to be achieved (i.e. it is goals not process focused). Therefore, the detail within which the regulatory

framework is enacted and administered is excluded from this report. For example, details of how to undertake a
risk assessment are not covered here, but can be developed in future studies.

If possible:

“No significant incremental increase in consequences (loss of life and other metrics) in the event of failure”
Where this cannot be achieved:

“The risk has been reduced to be tolerable, including as low as reasonably practicable”

Noting that:

“No reservoir should present an unacceptable level of risk, except in exceptional circumstances when justified
because of the societal benefits that it provides”

These goals, and hence the regulations proposed here, apply equally to new and existing reservoirs.

1.6 Qutline of the report

Following this introductory chapter, this report is structured as follows:
Chapter 2 Guiding principles used to develop the framework
Chapter 3 Risk-informed Regulatory Framework (an outline)

Chapter 4 Roles, responsibilities and reporting requirements
Chapter 5 Recommended next steps
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The framework presented builds upon a series of interim papers developed during the course of the project
(Bowles et al, 2010 [3], Brown et al, 2010 [4] and Sayers et al, 2010 [5]) and is supported by a series of
appendices to this report, including:

Appendix A - Glossary of terms

Appendix B - Understanding the meaning of “risk”

Appendix C - Defining risk thresholds

Appendix D - Example applications to reservoirs of varying risk

2. Guiding principles used to develop the framework

2.1 Introduction
Two important considerations have guided the development of the framework:

e Simplicity — It is important that the framework of regulation proposed is appropriately simple, yet credible and
readily understood by undertakers and the Enforcement Authority alike. This was the clear message from
the workshops.

e Industry capacity for change — the capacity for change is limited and, where possible, consideration should
be given to the staged implementation of a risk-informed framework.

With these two overriding criteria in mind, this chapter presents an overview of principles that have been used to
shape the framework (presented later in the report) and include:

e The constraints and opportunities presented by the Flood and Water Management Act, 2010 [1]

e Other common criteria and considerations.

These aspects are discussed in turn below.

2.2 Flood and Water Management Act 2010 — Constraints and opportunities

The Flood and Water Management Act 2010 [2] (the Act) received royal assent on 08 April 2010 and was
published on the internet on 15 April 2010. The Act is deliberately broadly worded and has been interpreted as
appropriate within this project. It makes the following important provisions that influence the risk-informed
regulation of reservoir safety outlined in this scoping report:

e The Minister to make regulations — As such the Act [2] places no specific constraints upon the
development of the risk-informed regulatory process; leaving all issues to be argued and agreed through
secondary legislation and guidance.

e Exclusions — For the purposes of the Act [2], a structure that retains water and is not adequately regulated
through alternative legislation is defined as a reservoir and included under the Act [2]. However, a structure
that retains water is excluded under the Act [2] if:

e They hold less than 10,000m3 or where the Minister substitutes a different volume of water (Section 2
A1(7) of the Act [2]).
e Where the Minister excludes “specified things not to be treated as large raised reservoirs” (Section 2
A1(8) of the Act [2]).
For example, a structure that retains water could be excluded by specifying a different minimum volume to a
specific type of structure. Limitations of storage volume alone are not an appropriate basis for exclusion from
the Act [2]. However, the burden placed upon both the Enforcement Authority and undertaker must be
appropriate.

e Environment Agency to designate high risk reservoirs — Section 7 2C of the Act [2] requires the
Environment Agency to designate high risk reservoirs. There is, therefore, a clear need to define high risk.

e Registration — It is not a requirement of the Act [2] to register ALL reservoirs. It is accepted that it may be
desirable or practical to register only those reservoirs that have the potential, (i.e. given failure) to provide a
significant increase in potential consequences in comparison with the consequences resulting from the same
inflow but without a reservoir failure. This would mean that reservoirs that pose a low risk would not require
registration under the Act [2]. This would not, however, diminish the requirement for the undertaker to
maintain the reservoir and associated risk level under review.

2.3 Other common issues and considerations

Through the process of consultation and discussion, a number of issues and considerations, and sometimes
misconceptions, have emerged that are important in the development of an efficient risk-informed regulatory
framework. The most important issues are discussed below. In this discussion, the term reservoir is deemed to
include the dam(s) retaining that reservoir, with the risk category being that of the highest risk dam.
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e Reservoir risk types (levels) — There are peculiarities in the application of a risk-informed approach in this
sector. The main one is that it is not possible to lay down in legislation broad criteria that with any degree of
objective certainty will identify one type of reservoir construction as being more or less likely to fail than
another type of construction, e.g. earth embankment construction as compared to a concrete construction. A
wide range of factors affect likelihood of failure, which can be assessed only on an individual reservoir basis
by engineering experts where detailed information on the components of the dam is available. Therefore, in
the context of risk-informed regulation, no effort is made to distinguish between one type of construction and
another or between different purposes served by the reservoir, such as a service reservoir or a flood control
reservoir. Instead, in context, reservoir type refers to the level of the risk posed. This is important as it avoids
the need to provide a comprehensive, and no doubt incomplete and unsatisfactory, description of the
structural reservoir forms or reservoir purposes.

e Cascades and interconnected reservoirs — A risk-informed approach provides a structured and flexible
framework, which avoids the need for special consideration of cascades or interconnected reservoirs. In this
case, it is assumed that the undertaker is responsible for the on-site performance of any individual reservoir.
If failure of that reservoir heightens the chance of a downstream reservoir failing, and the realisation of
consequences associated with the failure of a downstream reservoir, the “additional” risk posed needs to be
incorporated into the assessment of the upstream reservoir. The risk assessment tools and techniques
would, of course, need to be developed through supplementary guidance.

e Enforcing unregistered reservoirs, (i.e. those posing a low hazard) — It is proposed that those reservoirs
considered as presenting a low hazard (as defined in Section 3 of this report) by the undertaker will be
excluded from the Act [2] and not be registered under Section 2 A1(8). This raises the concern that these
reservoirs will be “unknown” to the Enforcement Authority and, therefore, the Enforcement Authority cannot
ensure that appropriate compliance has been achieved. To address this concern, it is proposed that ALL
undertakers are advised to submit a record of their assessment (through an online form, for example) to the
Enforcement Authority. If a reservoir was incorrectly classified as low hazard, in addition to common law legal
liabilities, the Enforcement Authority should be able to demand a reclassification of the reservoir risk category
and may “fine” the undertaker, if appropriate. It is recognised that submitting the assessment form is voluntary
and therefore undertakers may not comply with this advice, however, if they do comply, this would pre-empt
any challenge by the Enforcement Authority. Note: It is also the case that some forms of unregistered
reservoirs will be visible to Government via alternative vehicles; for example, farm reservoirs may be licensed
for water abstraction. This is not provided as justification for non-registration, but rather to highlight an
opportunity for cross-government information sharing.

e Co-responsibility - It is emphasised that the Enforcement Authority would not share any responsibility with
the undertaker in the event of a collapse or any other liabilities associated with the reservoir site. This does
not diminish the co-responsibilities that may already exist, for example, under the Control of Major Accident
Hazards (Amendment) Regulations 2005 [6] (COMAH) as administered by the Health and Safety Executive
(HSE), but no further co-responsibilities would be implied.

e Influence on legal responsibilities — Current and future legal responsibilities should not impact the
development of a risk-informed framework of regulation. It is recognised that the regulatory framework
should seek to encourage a notion of shared responsibility between the undertaker, the local authority,
emergency responders and others. It is, however, noted that this should be done without diminishing the
legal responsibility of the undertaker to manage the on-site performance of the reservoir.

e Who pays for risk reduction actions — Risks change over time for various reasons and also the same level
of risk can be viewed differently by society over time. Drivers of change in risk include changes to the dam
performance, but also changes in the land use of the downstream valley (not controlled by the undertaker),
such as new development, and the implementation of improved or degraded off-site emergency plans (again
not controlled by the undertaker). It is widely accepted that a close working relationship between these
various groups is desirable. The Local Resilience Forum (LRF) provides an appropriate vehicle for bringing
together interested stakeholders and within the framework, the role of the LRF should be reinforced to ensure
on-site and off-site planning is as integrated as reasonable. Closer working may provide an opportunity, in
the future, for cost sharing between all those with a responsibility to manage risk, i.e. not only undertakers,
but also developers and local authorities, ensuring an optimum mix of on-site and off-site actions. The
framework for developing such multi-funded actions and the issue of who pays is outside of the scope of this
project, but this is partly being tackled by some government initiatives (for example, through funding and
grants provided by the Cabinet Office and Defra). The creation of a focused Reservoir Group (as proposed
as part of this framework), facilitated, but not paid for, by the reservoir undertaker, within the umbrella of the
LRF may, however, be appropriate.
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e Supplementary guidance — In support of the framework, supplementary guidance will need to provide
detailed procedures through which the framework should be interpreted and enacted. For example, guidance
on methods providing a hierarchy of risk assessment methods appropriate to the level of risk (both qualitative
and quantitative) form part of the recommendations from this scoping project.

3. Risk-informed Regulatory Framework (an outline)

Fundamental to risk-informed regulation is clarity on the thresholds used to define different levels of risk and how
the regulatory requirements will vary in accordance with them. To help inform the development of these, the
principles of tolerable risk developed by the HSE [7] and widely used across government and internationally have
been translated into clearly identified risk thresholds for regulating and managing reservoir safety (Figure 3.1).

Within the framework of tolerable risk, the following risk categories for reservoirs, listed in order of increasing risk,

have been defined:

e Low hazard - The physical characteristics of the reservoir and the potential flooded area are such that any
breach wave would not pose a significant hazard to people or property regardless of the present, or future,
downstream land use.

e Low consequence - The absence of people and property etc in the potential flooded area implies that no-
one is likely to be harmed in the event of failure. Thus any reservoir (including a large reservoir capable of
producing a large breach wave) could be classed as a low consequence reservoir, if no vulnerable receptors
are in the potential floodplain.

e High risk - Those reservoirs where both the hazard and the potential consequences are significant. For such
reservoirs, the undertaker will be expected to reduce risk to a level that is as low as reasonably practicable
(ALARP). In some instances the risk may be so high as to be considered unacceptable (so-called High Risk
(unacceptable)).

Translation of the Tolerability of Risk Principles to Reservoir Safety Management

General Principles Application to Reservoir Safety Management §
[}
y X Upper limit of tolerability — An Unacceptably High Risk for All § |
4 \\ reservoirs %3
== (Equity-based criteria) = 8
Unacceptable Region Register — and seek to ensure risk is reduced below this limit § st
Risk cannot be justified except in extraordinary| using all practical means (regardless ofl costs). Accept only in 3 &
circumstances exceptional circumstances. = &
=<
v £ =
D >
ol
Limit of tolerability for a given High Risk reservoir -% E
(Utility-based criteria and good practice) ? g
Register — and implement good practice activities, as og
demonstrated to be ALARP, and a level of investment that is g
Tolerable Region appropriate to the risk reduction achieved. 3
Individuals or Society are prepared to accept risk @

in order to secure benefits

Limit of Low Consequence (Consequence criteria)
Register — but the lack of potential consequence implies risk is
low and no further effort is required to reduce the risk.

Increasing individual and societal concerns

Broadly Acceptable Region
Risk regarded as insignificant and adequately
controlled

L]

Limit of Low Hazard (Hazard criteria)

No need to register— The nature of the hazard implies the risk is
negligible even in the event of failure (regardless of the present or
future downstream land use).

Figure 3.1 Translation of the tolerability of risk principles to reservoir regulation and management
(adapted from HSE, 2001 [7])

Definitions for the terms, including 'equity’ and 'utility' are detailed in the glossary within Appendix A.

The proposed risk-informed regulatory framework utilises the risk thresholds presented above (and are discussed
and defined further in Appendix C) to define appropriate roles and responsibilities for both the regulated parties
and the Enforcement Authority that can be associated with each risk category. An overview of the framework is
shown in Figure 3.2, followed by a step-by-step discussion of this. After the discussion of each step, specific
issues that may require further discussion prior to full implementation are highlighted. These issues are then
prioritised within Chapter 5.
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3.1 Step 1 - Exclusion screening

An initial review by the undertaker establishes whether or not they believe the structure under consideration is
within the Act. If the storage structure is appropriately covered by alternative regulation, for example, the Mines
and Quarries (Tips) Act 1969 [8], then the structure is excluded from the Flood and Water Management Act 2010
[2]. In addition, the Reservoirs Act 1975 [1] specifically excludes “a canal or inland navigation”. No other
exclusions are possible, unless the Minister substitutes a different volume of water for the specified volume of
10,000m3 (Section 2 AL(7) of the Act [2]) or where the Minister excludes “specified things not to be treated as
large raised reservoirs” (Section 2 A1(8) of the Act [2]). Under Step 2, the low hazard definition provides a vehicle
for excluding specific reservoirs and limiting registration under the Act [2] reflecting, amongst other aspects,
impoundment volume.

Note: No other exclusions would be allowed. For example, it would not be appropriate to exclude a reservoir from
the Act [2] on the basis of the type of reservoir undertaker or the type of reservoir structure as this would not be a
defensible risk-informed approach. During this project, it was suggested that concrete service reservoirs owned
by Water Companies and flood storage reservoirs managed by the Environment Agency could be excluded from
the Act [2]. However, since these can be screened out through later steps in the framework, if appropriate, it was
concluded that these should not be excluded.

Step 1
Exclusion
Screening

storage structure
covered by alternative
regulation e.g. Mines &
Quarries (Tips)
Act 1969?

Exclude >

Figure 3.3 Step 1 - Exclusion screening

Recommendations for further discussion #1
A key issue for further discussion:

e Practical regulation of previously excluded structures as specified in the Reservoirs Act
1975 [2], where no alternative regulations exist, e.g. canal embankments

This point is discussed further in the Recommendations section of the report.

3.2 Step 2 - Low hazard screening

An initial process of low hazard screening is undertaken (commissioned) by the undertaker to identify whether or
not the reservoir can be classified as low hazard. This is undertaken by answering a simple online set of
sequential questions and submitting this assessment form to the Enforcement Authority. If the results of the
assessment indicate the reservoir is low hazard, the reservoir is not registered for regulation. The undertaker,
however, maintains a duty to maintain their assessment under review. If the undertaker is unclear on any
question, they may seek further advice. If the reservoir is not classified as low hazard, the reservoir is recorded on
the Reservoir Register and attracts specific risk-informed regulation.
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Step 2
Low Hazard <
Screening

Step 2a
Ongoing management and review

Yes Submit online
hazard assessment

Complete
online hazard
assessment. Is the
reservoir low
hazard?

Step 2b
Challenge to low hazard |
categorisation
(Independent)

No

Figure 3.4 Step 2 — Low hazard screening

Recommendations for further discussion #2

Four key issues for further discussion:

e Definition of low hazard

e Development of a simple online assessment form with a set of sequential questions.

e The appropriateness of entrusting the undertaker to complete/commission an appropriate
low hazard screening

e Whether to include within the Actl and register low hazard reservoirs or not

All of these points are discussed further in the Recommendations section of the report.

3.3 Step 3 - Low consequence screening

This process determines if the reservoir, regardless of its physical size and construction, poses a threat to people
or other receptors. If not, through virtue of the absence of receptors, the reservoir can be considered to be a low
risk and, therefore, to require only a ‘light touch’ regulation. Importantly though, the assessment for such a
reservoir must be maintained under review and could change category in the event of downstream development.

Step 3
I —— » Low Consequence |4
Screening
Step 3c Step 3b
Appeal? Ongoing management and review

Is the reservoi
agreed as Low
Consequence?

Yes

Step 3a
Regulate (Tier 3)

Figure 3.5 Step 3 Low consequence screening

Recommendations for further discussion #3
A key issue for further discussion will be:
e Definition and assessment of low consequence

This point is discussed further in the Recommendations section of the report.
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3.4 Step 4 - Risk Assessment

Given the reservoir must be high risk, this step determines if the risk is tolerable or unacceptable (as defined in
the glossary of terms in Appendix A) and the associated level of regulation required. An appropriate risk
assessment is completed (commissioned) by the undertaker to determine whether the risk posed by the reservoir
is:

e High risk (unacceptable) — i.e. the risk posed is in excess of the upper limit of tolerability (Figure 3.1) as
defined by either the risk to an individual or society. In this case, the undertaker is required to take steps to
reduce the risk further where practical regardless of cost. The risk can only be tolerated in exceptional
circumstance to be agreed on a case-by-case basis. Regulation in this case would be stringent (see Tables
4.1 and 4.2).

e High risk (tolerable) — i.e. Reservoirs, not classified as either high risk (unacceptable), low consequence or
low hazard, as defined above, are considered to be in the region of tolerable risk as illustrated on the left side
of Figure 3.1. However, such reservoirs are subject to the process of seeking to reduce the risk to satisfy the
principles of ALARP, including accepted good practice as they relate to a specific reservoir. Thus, an
individual reservoir does not meet the requirements of tolerable risk until the principles of ALARP are
satisfied, (i.e. the risk has been reduced to a level “as low as reasonably practicable”).

Step 4
i > Risk Assessment
| (High Risk Reservoirs only)

A

How “high” _ Step 4b .
Appeal? is the risk? On-going management and review

v
‘ High Risk (Tolerable) ‘ \High Risk(UnacceptabIe)‘

‘ Regulation Tier — 2 ‘ ‘ Regulation Tier — 1 ‘

Is risk category
agreed by undertaker
and Enforcement
Authority?

Yes

Step 4a
Regulate (Tier 1 or 2 as appropriate)

Figure 3.6 Step 4 - High risk screening

The scope and depth of regulation for a high risk reservoir will then depend upon the assessed risk at any point in
time (see Tables 4.1 and 4.2).

e Step 4a Regulate — The process of enforcing the regulation and the undertaker maintaining, monitoring and
implementing actions as required under the regulation.

e Step 4b On-going management and review — The assessment is repeated and updated on an on-going
basis.

e Step 4c Appeal — The undertaker or the Enforcement Authority are able to appeal against the categorisation,
process of assessment or compliance.

Note: It is not implied that all high risk reservoirs would require a common level of full Quantitative Risk
Assessment (QRA) analysis, but a hierarchy of methods will need to be developed from qualitative through to
quantitative. The methods applied to the assessment of risk would, therefore, vary in the level of effort, reflecting
the complexity and scale of the risk and the decision to invest in reservoir management activities.
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Recommendations for further discussion #4

Four key issues for further discussion:

e Assessing high risk and disproportionate investment

e Determining unacceptable individual and societal risks

e Definition of “exceptional circumstances”

e Thelanguage of the framework — is the term “unacceptable” useful?

All of these points are discussed further in the Recommendations section of the report.

4. Roles, responsibilities and reporting requirements

It is proposed that the assessed level of present-day risk is utilised in determining the requirements placed upon
both the Enforcement Authority and the regulated parties. This includes placing varying obligations upon both the
Enforcement Authority and the undertaker of the reservoir. This chapter presents an outline of the proposed risk-

informed roles and responsibilities, and the associated reporting requirements.

4.1 What responsibilities would the undertaker have?
To commission, develop, submit and implement the:

e Inspection Report (IR) — for all high risk reservoirs, comprising a periodic independent safety review. Within

this report, the undertaker will ensure:

¢ New and remedial works are appropriately developed according to accepted good practice and guides.

This would include:
- For high risk (unacceptable) reservoirs, works to reduce risk to tolerable levels. These would
always be considered to be “matters in the interest of safety”.
- For all high risk reservoirs, works to achieve ALARP. Urgent and less urgent actions should be
specified.
e The risk posed by the reservoir is appropriately assessed according to supplementary guidance.

e An appropriate regime for periodic safety review by an independent Inspecting Engineer and on-going
review by a Supervising Engineer is developed and followed (as currently required in the Reservoirs

Act 1975 [1]). This will be open to scrutiny by the Enforcement Authority, including the records of

surveillance and dam performance (as currently required in the Reservoirs Act 1975 [1]). The regime
for the Inspection and Supervision safety reviews would vary with risk with regard to the timescales and

scope and should be set out in the IR.

e Reservoir Management Strategy (RMS) — In some instances, the undertaker may have responsibility for
multiple reservoirs or structures. In such cases, it may be beneficial (in terms of taking both effective and
efficient action to reduce risk) to consider the performance of the portfolio of reservoirs for which they are
responsible. In this way, efficiencies in work scheduling, surveillance etc can be optimised in a way that is not

possible when managing risk on a reservoir by reservoir basis. To provide a means for the undertaker to

optimise their investment to minimise risk, it is proposed that the undertaker can, if they wish, elect to produce
an RMS. The RMS would detail the management activities across the undertaker’s portfolio of reservoirs and

how they plan to monitor and maintain their assets. The RMS would only be appropriate where the

undertaker would like the Enforcement Authority to consider their approach to risk management and planned

investment across all reservoirs under their management. In outline, the RMS would:
¢ Include details for each reservoir owned by an undertaker and the associated risk categorisation.
e Summarise the IRs for individual contributing reservoirs.

e Present the actions for each individual reservoir, taking account of the capacity to implement works,

and perhaps more-rapid and cost-effective prioritisation through consideration of a portfolio of
reservoirs rather than individual reservoirs. The RMS will include:

- Inspection regime (that would vary with risk).

- Short-term management practice.

- Medium to longer term investment plan, e.g. works scheduling etc.

- Emergency plan including linkage with the LRF and creation of a Reservoir Group.
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An appropriately funded programme of activities - The undertaker will be obliged to ensure that an
appropriate and funded programme of investment is in place and that ALARP principles have been
appropriately applied in developing the proposed actions contained within the plan. The plan should include
structural measures and on-site and off-site non-structural actions as appropriate. This will be open to
scrutiny by the Enforcement Authority.

Periodic reviews (such as surveillance and monitoring in accordance with the IR or, if submitted, the
RMS) - The undertaker will be obliged to ensure an appropriate process of review is planned and
implemented within the required timescales and scope. This will be open to scrutiny by the Enforcement
Authority.

Emergency planning (formation of a Reservoir Group) — For high risk reservoirs only, the undertaker may
choose to facilitate a Reservoir Group. The formation of such a group is not intended to be onerous. Its
purpose is simply to aid communication between parties with an interest and / or responsibility related to the
reservoir. Flood emergency plans required under Section 12A of the Reservoirs Act [1] and the discretionary
power under the Water Act 2003 [9], being due for implementation in 2010/11, would need to be developed
for high risk reservoirs. The content of the plans would vary with need. Guidance on the development of
appropriate on-site and off-site emergency plans is currently under review. By working closely with the LRFs,
the undertaker will be in a position to ensure that reservoir issues are appropriately highlighted to the LRF.
This will ensure, where required under the regulation, that integrated management of the reservoir is
coordinated amongst undertakers, local authorities and community groups. Where multiple high risk
reservoirs are owned by a single undertaker within an LRF, these might be coordinated as a group. Different
owners of reservoirs in a cascade of reservoirs may be required to cooperate in forming a joint group. This
would provide a forum within which an integrated on-site and off-site risk management strategy can be
coordinated and future developments addressed. This will be open to scrutiny by the Enforcement Authority
and it may be that the Enforcement Authority has a role within the forum.

Recommendations arising for further discussion #5

Two key issues for further discussion:

These points are discussed further in the Recommendations section of the report.

Timescales and the scope of the periodic safety reviews by Inspecting Engineers and
Supervising Engineers.

Who has responsibility for the establishment of a Reservoir Group and should they be
obligatory or optional.

4.2 What responsibilities would the Inspecting Engineer have?
The Inspecting Engineer would be required to:

Provide an independent Inspection Report (IR) for an individual reservoir — commissioned by the
undertaker. The content of the IR should cover, as a minimum, the points outline in the previous section.

Develop the IR in context of the Reservoir Management Strategy (RMS) — where an RMS exists, the
Inspection Engineer should take account of this in the development of proposed specific surveillance and
maintenance activities. The presence of an RMS should not modify the recommendations made by the
Inspecting Engineer for remedial works, nor should they seek to prioritise the needs of one reservoir with
another since this is the role of the RMS.

Recommendations arising for further discussion #6

A key issue for further discussion:

This point is discussed further in the Recommendations section of the report.

Can the same Inspecting Engineer act to develop the Inspection Report and the Reservoir
Management Strategy
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4.3 What responsibilities would the Supervising Engineer have?

The Supervising Engineer would be required to:

e Actin accordance with the Act including “matters” noted in the latest Inspection Report or, if submitted and
approved, the RMS.

o Refer issues to the Undertaker and when required, the Enforcement Authority, as and when required.

4.4 What responsibilities would the Enforcement Authority have?
The Enforcement Authority has two primary responsibilities:
e For all reservoirs (regardless of the level of risk), the Enforcement Authority should be prepared to receive,
and where necessary, commission a review of:
¢ Risk category (and challenge through the process of an appeal, if necessary).
e Inspection Report (IR) and all other communications currently required under the Act.
e Updates to the IR. Updated reports to be submitted for high risk reservoirs by the undertaker in
accordance with an agreed programme as defined in the previous IR or RMS.
e For high risk reservoirs, the Enforcement Authority should be prepared to receive, and where necessary,
commission a review of:
e The Reservoir Management Strategy, where submitted by the Undertaker.
e Agreement of exceptional circumstances, where necessary.

4.5 Summary of actions required from various parties

The following tables present a summary of the roles and responsibilities that would be placed upon both the
Enforcement Authority and the undertaker in the context of the risk-informed regulatory framework proposed in
this report.

Of interest for review by the Enforcement Authority
Ass_,essed_ Tier of Inspection Review REEER] NYUESEY
residual risk Regulation | Report (IR) roCess Management an
(present day) 9 P b Strategy (RMS) | exception
High risk 1 Yes Yes Obtional Yes
(unacceptable) (required) (required) P (required)
High risk Yes Yes .
(tolerable) £ (required) (required) Optional No
Low 3 No ves No No
consequence (required)
Low
hazard None No No No No

Table 4.1 Risk-informed variation in regulation and duties by the Enforcement Authority

Undertaker responsibilities
Assessed Commission . Agreed as
residual risk DUy Register | IRs | appropriate RMS SIS RESERET an

level . Plan Group .
(present day) reviews exception
High risk 1 Yes Yes | Yes Optional | Yes Optional Yes
(unacceptable)
High risk . .
(tolerable) 2 Yes Yes | Yes Optional | Yes Optional -
Low 3 Yes No Yes No No No -
conseguence
Low 4 No No | No No No No -
hazard

Table 4.2 Risk-informed variation in regulation and duties by the undertaker

5. Recommended next steps

It is anticipated that a working suite of secondary legislation and guidance should be in place and operational by
approximately 2014. Achieving this, following delivery of this scoping study, will require a significant development
effort, review, consultation and legal drafting prior to full implementation. It is, however, possible to implement the
most important aspects in a staged approach (to provide maximum benefit in terms of better regulation of
reservoir risks at minimum cost to both the Enforcement Authority and undertakers alike).
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Once the concepts underlying the proposed framework are agreed, a number of specific issues will need to be
confirmed through further dialogue, research and development. In particular, this includes the development of
tools and techniques for a hierarchical approach to Quantitative Risk Assessment (QRA), including the updating
of supporting engineering guides, as well as developing a consensus on the roles and responsibilities for both the
Enforcement Authority and undertakers.

It is clear that there is a willingness to move towards a risk-informed approach throughout the reservoir safety
community. However, it is also recognised that business capacity for change is limited and a number of difficult
implementation issues need to be worked through. It will, therefore, be important that an appropriately staged
approach to implementation is developed and followed.

The most important issues that will need to be resolved are summarised below.

An initial priority indicator is provided reflecting the criticality of the issue to the successful rollout of a new risk-
informed regulatory framework. Two levels of priority are provided:

e Critical — an issue that is a “must do” to enable progress to be made in the short term.

e Important — an issue that can follow in the future to help clarify the framework, but is unlikely to stop an initial
implementation.

5.1 Critical — Must be resolved prior to implementation
Three issues have been highlighted as critical to the successful rollout of the proposed framework. These are
summarised below.

Critical #1
Confirming the need for inclusion in the Act" and registration of low hazard reservoirs or not

Considerable discussion was held during the project regarding the proposal to exclude low hazard
reservoirs from the Act" and the Reservoir Register. Many small owners saw this as an advantage,
accepting that they would maintain a duty to ensure that the reservoir was appropriately managed.
Others were concerned that unregistered reservoirs would be “unseen” to the Enforcement Authority
with no way of confirming the appropriateness or otherwise of a low hazard classification. To address
this concern, it is proposed that ALL undertakers are advised to submit a record of their assessment
(through an online form, for example) to the Enforcement Authority. If a reservoir was incorrectly
classified as low hazard, in addition to common law legal liabilities, the Enforcement Authority should
be able to demand a reclassification of the reservoir risk category and may “fine” the undertaker, if
appropriate. It is recognised that submitting the assessment form is voluntary and therefore
undertakers may not comply with this advice, however, if they do comply, this would pre-empt any
challenge by the Enforcement Authority.

This issue will require further discussion and an online assessment form developed under Critical #3,
if this is agreed as the way forward.

Critical #2
Overall roles and responsibilities

This report presents a series of risk-informed roles and responsibilities. It will be important to confirm
these prior to implementation and, in particular, to scrutinise the proposed reporting and review
requirements and agree appropriate expectations at each level. The content and level of detail of the
reports need to be clearly defined through guidance and examples provided to avoid wasted effort.
Also, guidance will be needed on the frequency and level of the safety reviews such as for Supervision
and Inspections, as well as for surveillance and how to assess an appropriate investment plan, etc.

Equally, whether Table 4.2 contains all areas where the Enforcement Authority wishes to place a duty
on the Undertaker should be considered further. Are the reviews of these duties appropriately
covered by the on-going Supervision and Inspections as an instrument of the Enforcement Authority?
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Critical #3

Risk assessment — Defining thresholds and providing s