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FOREWORD
In 2007, HSE, on behalf of the Cross-government Task Group on Societal Risk, published a
consultation document (CD212) that sought views on whether information on potential major
accidents, known as 'societal risk' should be taken into account more explicitly when assessing
safety measures at onshore, non-nuclear major hazards and for informing decisions on the use of
land around such a site. Following analysis and publication of responses, ministers agreed that
'societal risk' should be taken into account. The detail of how this should be done remains and
HSE is leading a program of work to rationalise the policy and technical positions needed for
implementation.
This report along with a series of oral presentations briefed members of the Societal Risk
Technical Advisory Group (TAG). This small group of technical experts from industry,
academia and the safety profession was established by HSE with fellow government
departments to advise and provide a challenge function on the development of societal risk
methodologies, criteria and mechanism by which it is delivered. The group's focus is on the key
technical questions arising from CD212 and how they are to be taken forward.
This report is not a comprehensive statement of HSE operational policy or technical positions,
to do so would have resulted in a much longer document and was not necessary for the work of
the Technical Advisory Group.
The report is likely to be the first of a number of future research reports and publications, some
of which will necessarily be technical. The program of work involves research and engagement
with key stakeholders such as local planning authorities, government departments, industry
trade associations and safety professionals and will be seeking to deliver, subject to ministerial
agreement, agreed, effective yet pragmatic solutions.

Members of the Societal Risk Technical Advisory Group (TAG):
Professor David Ball, Middlesex University
Hywel Butts, Welsh Assembly
Dr Paul Davies, Lloyds Register
Professor Andrew Evans, Imperial College
Nick Evans, Scottish Government
John Galbraith, Saudi Basic Industries Corporation (SABIC)
Andrew Gough, Department of Communities and Local Government (DCLG)
Angela Rabess, Department for Business Enterprise and Regulatory Reform (BERR)
Dr Mark Scanlon, Energy Institute
John Murray, Health & Safety Executive (HSE) − Technical Advisory Group Chair
Stuart Reston, Health & Safety Executive (HSE) –Technical Secretary
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EXECUTIVE SUMMARY

To advise on the consideration of societal risk issues and land use planning (LUP), the Societal
Risk Technical Advisory Group will need to understand the differences between the philosophy
set out in R2P2 (Reducing Risks Protecting People), the law, and the interaction of policies on
risk reduction duties with policies on land-use planning. In addition the technical advisory
group will need to understand the principles of the system for LUP advice in the vicinity of
COMAH Sites.
Therefore the purpose of this briefing document is to assemble available information into one
readily accessible document that aims to summarise the work of the Cross-governmental/
Interdepartmental Task Group and HSE on Societal Risk. This has followed the Consultation
Document on “Proposals for revised policies to address societal risk around onshore nonnuclear major hazard installations” (CD212).
This document aims to capture the current position on technical issues relating to societal risk
methodology, which need to be resolved prior to the development and implementation of any
system for explicit attention to societal risk in land-use planning (LUP) and the application of
the Control of Major Accident Hazards Regulations (COMAH). It is not a comprehensive
statement of HSE operational policy or technical positions, to do so would have resulted in a
much longer document and was not necessary for the work of the Technical Advisory Group.
It should be noted that this briefing document focuses on HSE's resources (open and closed), not
external authoritative sources (such as the work of the Royal Society Study Group, RSSG
1992).
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INTRODUCTION

This document introduces members of the Societal Risk Technical Advisory Group to the issues
surrounding societal risk for which their expertise and advice is being sought. It provides
definitions and terminology within the scope of societal risk estimation to achieve a common
understanding amongst advisers and officials. It builds upon the content of the Consultative
Document CD212, ‘Proposals for revised policies to address societal risk around onshore nonnuclear major hazard installations’.
CD212, although ‘badged’ by HSE, was published on behalf of a cross government task group
chaired by the Cabinet Office. The consultative document explained what is meant by societal
risk in the context of onshore, non-nuclear major hazards and summarised work done by HSE
and others up to the time of the consultation. It also presented a useful summary description of
the current arrangements for managing risk around major hazard sites. Rather than reproduce
much of the text of CD212 here, readers are directed to the original consultation material as it
lays out the basis upon which the bulk of this document depends.
A summary of responses to the CD212 was published on HSE's website in December 2007 and
the outcome of the consultation exercise was reported to Ministers. They agreed that societal
risk should be taken into account in the regulation of onshore non-nuclear major hazards in both
land use planning (LUP) control around sites and in judgments for onsite safety measures. The
detail of how this should be achieved has not been agreed and there remain a number of
technical, policy and operational issues that need resolution prior to any system being developed
and implemented.
To address these technical, policy and operational issues, two special advisory groups are being
established. The first one involves representatives of Local Planning Authorities (LPAs)
devolved administrations and Government Departments, who will advise on how societal risk
input into land use planning decisions can best be delivered. The second group (the Societal
Risk Technical Advisory Group) will be invited to advise on the more technical issues such as
how societal risk estimates should be carried out and also on criteria against which decisions
can be made.
A societal risk estimate is not a new concept but its explicit incorporation into decisions in land
use planning and onsite safety measures is new. Installations that use, manufacture or store
significant quantities of hazardous substances have the potential, albeit unlikely, to cause
serious harm to people both onsite and offsite, in the event of a major accident such as a fire,
explosion or release of toxic substance.
A list published alongside CD212 cited 54 sites that HSE had identified as likely to be subject to
any revised policies. How this list was created and the methodology behind it will be explained
in this document and to the group. HSE’s view is that the methodology was fit for the purpose
of identifying sites for further scrutiny but may not be appropriate for important regulatory
decisions without further exposure and challenge in the public domain. The Technical Advisory
Group, through its Terms of Reference, will be tasked with advising on methodology for
assessment of societal risk from onshore non-nuclear major hazards.
It is clear to HSE that estimating major hazard risks is an inexact science and calculations can
only be used as an aid to decision making. Nevertheless, it is HSE’s view that risks should be
estimated in a way that follows the consensus of stakeholders and risk professionals and
incorporates HSE’s existing approaches of using principles such as ‘cautious best estimate’
where there is uncertainty and/ or differing views.
1

Societal risk might be considered a part of another concept referred to as 'societal
concern'. Whereas societal risk is the relationship between the frequency of an event and the
number of people affected, societal concern includes (together with societal risk), other aspects
of society’s reaction to that event. These may be less amenable to numerical representation and
include such things as public outcry, political reaction and loss of confidence in the regulator.
As such, societal risk may be seen as a subset of societal concern.
There are essentially three major issues that the work on societal risk seeks to deal with.
Members of the Societal Risk Technical Advisory Group will be asked to keep these three
issues in their minds in their role of advising the cross government task group responsible for
formulating and implementing the revised policies to take account of societal risk. These are:
• incremental development (a build up over time of population exposed to the risk);
• large developments outside the existing land use planning consultation distances; and
• sufficiency of measures at the hazardous installation to reduce risks to as low as reasonably
practicable (ALARP) in view of their risk profile.
The Technical Advisory Group will operate as a small, focused, ‘task-and-finish’ group of
technical experts to advise, challenge and support the development of a societal risk
methodology, criteria and delivery mechanism suitable for use in land use planning and
assessment of onsite measures. In particular their role is to:
• comment on HSE’s developmental work through a challenge function on technical content;
• review as necessary and advise on the fitness for purpose of technical positions used in
existing LUP advice and the use of these positions in the calculation of societal risk;
• advise on further work, research or consultation needed to resolve estimation of societal risk;
• provide specialist advice on review/ revision of HSE’s publication “Risk Criteria for LUP in
the Vicinity of Major Industrial Hazards” [HSE, 1989];
• comment on the differences between the bases of HSE’s risk assessment for LUP and an
operator’s risk assessment for compliance;
• advise on guidance on how dutyholders might comply with societal risk requirements and
how HSE can assure compliance; and
• dovetail, with outputs, from the Local Planning Authority Advisory Group.

2
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2.1

SOCIETAL RISK IN THE PRESENT CLIMATE
HOW WE GOT HERE

Why societal risk is being looked at now
Health and safety legislation specific to major hazard sites has, for many years, required them to
be designed, constructed and operated safely, and for operators to provide HSE with
information on how this is done. The introduction of the Control of Major Accident Hazards
(COMAH) Regulations in 1999 meant that in the last few years, site operators have had to
provide HSE with additional information about the potential effects of major accidents at their
sites - their likelihood, how far the effects might be felt offsite and how much harm might be
caused to people in the event. Although such events are extremely unlikely due to the
precautions operators must have in place to prevent them, a significant number of people could
be harmed if such an accident were to take place.
During the period 2001 to 2004 HSE used the additional information it had been given,
supplementing it where necessary, to produce initial estimates of societal risk levels around all
top and lower tier major hazard sites (circa 1100 sites in total). This indicated that there are a
number of sites (approximately 60) where the population in the surrounding areas has built up
over time, and consequently raised societal risk levels, to a point where it now would be
appropriate to take account of societal risk more explicitly when considering further
development proposals around the sites, and also when operators assess risk reduction
measures.
There are other major hazard sites where a major accident that harms people is a possibility but the very low likelihood and/ or smaller number of people that may be harmed means that
societal risk does not require the same amount of consideration. These sites may need to be
periodically monitored to ensure undesirable situations do not develop in the future.
Any change of policy to take account of societal risk could have an effect on other Government
industrial, housing and planning polices. In particular, changes to the advice provided by HSE,
and consequently the decisions made by planning authorities, could result in further constraints
on new developments around major hazard installations. A cross-governmental/
interdepartmental Task Group was set up to consider how to address societal risk and all the
various policy implications − economic, social, as well as public health and safety.
The key objectives it has been pursuing are:
• ensuring the health and safety of workers and those living round major hazard installations;
• enabling available land to be put to the most efficient and productive use for housing,
economic development, and public services and amenities; and
• having a regulatory environment in which business and industry can invest and flourish, not
only producing employment and wealth, but also meeting the UK’s strategic needs and
delivering sustainable economic development.
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How risks from major hazard sites are controlled
There is a well-established system in Britain for ensuring that risks from major hazard sites are
controlled and kept low. This takes a three-strand approach as recommended by the Advisory
Committee on Major Hazards (ACMH), which was appointed by the Health and Safety
Commission (HSC) to help develop regulation on major hazards in the wake of the Flixborough
explosion in 1974:
• Identification of major hazard sites – the first step is to know which sites have the potential
for major accidents;
• Assessment and control [through the Control of Major Accident Hazard Regulations
(COMAH)] – measures taken by operators both to (a) prevent, so far as is reasonably
practicable, major accidents and (b) reduce the chances of any incident that does occur
escalating to more serious consequences e.g. one explosion leading to another; and
• Mitigation – of consequences (lessening the effects) of major accidents that occur after the
loss of ‘prevention’ and control. This includes functions carried out by local authorities such
as land use planning controls and emergency planning.
The system recognises the need to have hazardous installations, and therefore that adequate
controls need to be in place at these sites to prevent major accidents. But it also accepts that the
chances of accidents can never be eliminated and so mitigation is also appropriate. More detail
on how the various elements work is contained in Annex 1 of CD212.
Timeline for key events, legislation and developments in onshore, non-nuclear hazard
regulation in Great Britain
The following section describes some history of the philosophy and techniques relating to the
concept of societal risk, the general health and safety law, the major hazard regulations and the
hazardous substances land-use planning consents regime (the ‘consents’ regime). This is largely
summarised in Figure 1 and explained in the sections that follow.
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Milestones and
landmark documents
1970s
First ACMH a Report
(1976)
First Canvey Report
(1978)
Second ACMH Report
(1979)

General Health
and Safety
Legislation
Health & Safety at
Work (HSW) etc
Act (1974)

Second Canvey Report
(1981)
Third ACMH Report
(1984)

1980s

Major Hazard Specific Legislation

Flixborough (1974)
Seveso (1976)

Seveso I (1982)
NIHHS c (1982)
CIMAH d (1984)

TOR b 1st Edition
(1988)
Risk Criteria Document
(1989)
1990s

TOR 2nd Edition (1992)

2000s

• HSE’s SRAM g (2000)
• Reducing Risks
Protecting People
• R2P2 h Doc (2001)
• HSE COMAH ALARP
Guidance (2002)
• Societal Risk
Presentation to HSC
(2003)
• Societal Risk Cabinet
Office led intergovernment task group
initiated (2004)
• CD211 (2007)
• CD212 (2007)

Management. of
Health & Safety at
Work Regulations
(MHSWR)(1992)

Events and
Incidents

Bhopal (1984)
Mexico City (1984)

The Planning (Hazardous
Substances) Act 1990
The Planning (Hazardous
Substances) Regulations 1992
Seveso II (1995)
The Planning (Control of Major
Accident Hazards) Regulations 1999 e
COMAH f (1999)
Enschede (2000)
Toulouse (2001)

Texas City (2005)
Buncefield (2005)

Figure 1 Timeline for key events, legislation and developments in onshore, nonnuclear hazard regulation in Great Britain
a

Advisory Committee on Major Hazards
Tolerability of Risk
c
Notification of Installations Handling Hazardous Substances
d
Control of Industrial Major Accident Hazards
e
Implemented Article 12 of Council Directive 96/82/EC
f
Control of Major Accident Hazards
g
Safety Report Assessment Manual
h
Reducing Risks Protecting People
b
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2.1.1

Philosophy and methodology

Before the CD212 Consultative Document of 2007, there were a number of documents that
discussed the philosophy of societal risk.
In 1978, the First Canvey Report [HSE (1978)] was published to give an account of the
investigation being carried out by the Health and Safety Executive (HSE) into the potential risks
to the public from serious accidents, which could occur at existing and proposed installations in
the Canvey Island/ Thurrock area of Essex. The origin of the investigation was a proposal to
withdraw planning permission for the construction of an additional refinery in the area. The
Canvey studies informed a public inquiry into the possible revocation of the planning
permission for a new oil refinery in an area that already had a concentration of major hazard
installations. The investigation involved the identification of the principal hazards of the
installations and activities in the area, the assessment of the associated risks to society and to
individuals and proposal for modifications intended to reduce these risks. Consequence
modelling for a range of potential major accident scenarios was carried out and combined with
factors (such as population density, weather, rate of release, escape, shelter, etc.) to determine
the potential number of casualties. Societal risks were assessed and a rank order was produced
and documented. In 1981, the Second Canvey Report [HSE (1981)] was published. The Second
Canvey Report revisits some of the frequency estimates and gives a revised set of hazard
models and injury relationships (harm criteria). The report also took into account criticism of
the first report and gave conclusions concerning the reviewed assessment and actions.
The Tolerability of Risk from Nuclear Power Stations document [HSE (1988 1st edition) &
(1992 2nd edition)] reiterates the importance of the assessment of societal risk; the paper
concentrated on certain kinds of risk that are regulated by society as a whole. In paragraph 62,
the paper states “a large scale accident raises questions of responsibility for safety and public
accountability in a way that accidents to individuals do not”.
The document defined three regions of risk, delineated by an unacceptable region and a broadly
acceptable region; the region in between defining a region of tolerable risk, but only when those
risks are reduced to ALARP (as low as reasonably practicable). The Tolerability of Risk (TOR)
Paper noted that some estimates used in QRA “represent no more than a complex set of expert
judgments based on a variety of factors”. This means that predictions based on QRA “are not
hard and fast figures as in a balance sheet…They are useful guides to policy making but their
limitations must be made clear to the policy maker”.
Quantified Risk Assessment (QRA) – Its input to Decision Making [HSE (1989)] develops some
of the issues raised by the Tolerability Of Risk from Nuclear Power Stations discussion
document. The QRA report examines the limitations of QRA predictions and how the
predictions are used in decisions about a wide range of risks, most but not all of them nonnuclear, faced by workers and by members of the public. The report also discusses the inherent
nature of certain risk assessments, tentatively ranks some major hazards in order of the risk they
present to the public and points out in detail, the qualifications to be attached to this form of
“comparison”, as well as additional factors needing to be taken into account in any policy
application. The author of the report considered 16 cases; in 10 of the 16 decisions based partly
on QRA, societal risk was a factor taken into consideration. It emerged clearly from the exercise
that it was impossible to specify upper limits of tolerability applicable to all risks having
societal consequences, and the reasons for this. HSE drew a number of conclusions from their
research. Firstly, “QRA is an element that cannot be ignored in decision making about risk since
it is the only discipline capable, however imperfectly, of enabling a number to be applied and
comparisons of a sort to be made, other than of a purely qualitative kind”. Secondly “QRA
illuminates some important components of safety assessment: but there are others”. Thirdly, “it
6

would of course be quite wrong to conclude from the existence of these other factors that QRA
cannot assist judgment.” The paper shows how it illuminates decisions on risk and enables
designs to be “balanced” from the point of view of risk reduction. Fourthly, “it is not legitimate
to “read across” risk figures from one type of hazard to another so as to infer some uniform
numerical level or limit to be applied to the control of the whole set, particularly in terms of
‘societal’ risk”. The QRA document essentially provides an account of HSE’s late 1980s views
on QRA and its usefulness in the context of societal risk.
In 2001, HSE published “Reducing Risks, Protecting People” (known as “R2P2”), with the
purpose of informing external stakeholders about HSE’s approach to regulatory decisionmaking.
R2P2 [HSE (2001)] gives limited guidance on criterion values for societal risks. In R2P2, HSE
proposed that, for any single major industrial activity affecting the existing population, “the risk
of an accident causing the death of 50 or more people in a single event should be regarded as
intolerable if the frequency is estimated to be more than one in five thousand per annum”(R2P2
paragraph 136). This was the first time that a proposed societal risk criterion had been widely
consulted upon and published.
R2P2 paragraphs 25-27 and 134-136 define and give details on societal concern and societal
risk. R2P2 makes some important statements of principle: Principle 3, as given in Guidance on
ALARP decisions in COMAH (SPC/Permissioning/12), states that “both the level of individual
risks and the societal concerns engendered by the activity or process must be taken into account
when deciding whether a risk is acceptable, tolerable or broadly acceptable” and “hazards that
give rise to individual risks also give rise to societal concerns and the latter often play a far
greater role in deciding whether risk is unacceptable or not”. The criterion proposed in
paragraph 136 is based on an examination of the levels of risk that society was judged as just
prepared to tolerate from a major accident affecting the population surrounding the industrial
installations at Canvey Island on the Thames.
However there is much to be interpreted between R2P2’s exposition of HSE’s thinking and any
practical ‘operational’ outcomes. Generally, HSE has accepted that it is possible for dutyholders
to discharge their duties by implementing risk reduction measures based on sensible argument,
without either the dutyholder or HSE necessarily estimating societal risk in any prescribed way
or acting on any particular criterion. The societal risk implications of R2P2 have not been fully
resolved.
To help HSE (and dutyholders) more explicitly to attend to societal risk where appropriate, the
Technical Advisory Group will need to understand the differences between philosophy set out
in R2P2, the law, and the interaction of policies on risk reduction duties with policies on landuse planning.
HSE’s expectations of the information in COMAH safety reports about the extent and severity
of major accidents were clarified in January 2002, during the first round of safety report
assessments, COMAH Safety Reports, Information about the extent and severity of the
consequences of identified major accident hazards, [SPC/Permissioning/06]. As noted in
Sections 2.1 and 2.4, COMAH safety reports, alongside HSE’s own work, have provided HSE
with additional information about the potential effects of major accidents at major hazards sites.
HSE’s guidance to its Inspectors on how to assess COMAH safety reports is in the public
domain [HSE SRAM & SRAG]. In addition, HSE developed specific guidance on how it
expected COMAH operators, in their safety reports, to demonstrate they had taken all measures
necessary [HSE Semi-permanent circulars (SPCs)]. This guidance drew on the “ALARP suite of
guidance” [HSE ALARP Suite of guidance]. The guidance explored the mechanisms of cost
7

benefit analysis (CBA) and the principle of gross disproportion between the sacrifice, in time,
trouble and money and the benefit of implementing risk reduction measures. The guidance
aimed to put into practice the theory within the R2P2 document within the regulatory
framework of COMAH. The guidance essentially restates elements of R2P2 in Hazardous
Installations Directorate terminology, making it more explicit for, and accessible to, the industry
governed by COMAH.
The approach that HSE expects its Inspectors to take, in a COMAH context, when making casespecific decisions on whether risks are shown to be ALARP was set out in guidance
[SPC/Permissioning/09, SPC/Permissioning/12]. This states that societal risk should be
considered when determining whether a risk reduction measure should be implemented to
reduce risks to ALARP. Elements of societal concern are considered to have been taken into
account when the regulatory framework was developed.
However, the societal risk implications of R2P2 have still not been fully resolved. The
interpretation of these implications in the COMAH guidance is complex. The guidance has not
been pursued whilst a cross-government task group led by Cabinet Office has sought resolution
of the competing interests of various stakeholders, and a consensus on the objectives in major
hazard control at source and in land-use planning.
2.2

THE CD212 CONSULTATIVE DOCUMENT

The CD212 Consultative Document, [HSE (2007)], published on behalf of the crossgovernment Task Group on Societal Risk, sought views on a government proposal that
information on societal risk should be taken into account more explicitly when assessing safety
measures at onshore major hazard installations and for informing decisions on the use of land
for development in areas around the site. The document was aimed at operators of major hazard
installations, local authorities, planning departments, developers, house-builders, economic and
regeneration agencies, landowners and people living and/ or working around major hazard
installations.
CD212 is a pivotal document opening discussion of societal risk to the public arena. Based on
responses to the document, Ministers have agreed that Societal Risk should be taken into
account in the advice HSE gives to Local Planning Authorities (LPAs). However, although the
consensus is that societal risks have to be taken into account, the CD212 is not explicit about
societal risk estimation techniques, systems or benchmarks, and also determination of onsite
risk reduction measures.
2.2.1

Summary of responses to the CD212 Consultative Document

There were 94 responses to the CD212 document in total. The comments were analysed to
provide a summary of the views and in December 2007, the HSE published, on behalf of the
cross-governmental task group, a report on stakeholder responses to the consultative document.
It was found that:
• A large majority of respondents were in favour of taking account of societal risk in both the
assessment and provision of onsite control measures and the decision-making process for
land development around sites. Furthermore, for land use planning purposes, most
respondents agreed that societal risk should be considered when drawing up local
development plans as well as when considering individual planning applications.
8

• A small number of respondents had expressed concerns about the imprecise nature of the
societal risk calculations and whether the existing methodology was suitable for application
in site-specific cases. Some respondents considered that any advice provided need to be clear,
unambiguous and provide relevant information to enable balanced decision-making.
• The question on cost-sharing appeared to cause some confusion for respondents and most
respondents answered in terms of who they thought should pay for increased control
measures; rather than whether cost-sharing, etc. was desirable. However, most respondents
are in favour of the person or organisation causing the increase in risk to pay for any
additional measures (e.g. operator for onsite changes, developer for offsite land development)
• The majority of respondents were in favour of the HSE providing societal risk advice to
Local Planning Authorities (LPAs) in a new format. However, a sizeable number of
respondents were in favour of retaining the existing format of HSE’s advice, which is either a
statement that HSE does advise against or does not advise against a proposed development.
HSE and other Government Departments have agreed to work together to implement
arrangements for societal risk to be incorporated into safety and planning policies. This includes
refinement of the methodology for assessing societal risk, and the format of HSE advice to
those Local Planning Authorities that have qualifying hazardous sites within their area of
responsibility. This will establish detailed mechanisms for change, particularly on how HSE’s
advice on land use planning should be provided. [HSE Press Release (2008)]
So, HSE now proposes to:
• make more explicit its position on regulation of societal risk; and
• prepare to incorporate explicit attention to societal risk in its LUP advice (where relevant).
The responses to CD212 document capture a good list of ‘technical’ issues relating to how
societal risk should be estimated, and how societal risk might be taken into account in the
future.
Various choices of technique were taken when sites were ranked for attention. For example,
HSE has used a technique for calculating ‘risk integrals’ [Section 3.2.2] as a gauge for
estimating societal risk to rank hazardous installations for regulatory attention. In doing so,
some conscious and explicit choices were made, whereas others were implicit in the adoption of
data, or steps or processes in the societal risk estimation. These choices are now to be revisited
by the Technical Advisory Group and are outlined in Section 3.2.2.
Many of the issues mentioned by stakeholders have been listed in the Technical Issues section
(Section 4). These issues will be considered further in a separate piece of work.
2.3

GENERAL DUTIES UNDER HEALTH & SAFETY LEGISLATION

The principal health and safety legislation in the UK is the Health & Safety at Work etc Act
1974 (HSW Act) [HSE, 1974]. Sections 2 and 3 of the Act require that risks to employees, and
others, to be reduced ‘so far as is reasonably practicable’ (SFAIRP). HSE considers that duties
to ensure health and safety so far as is reasonably practicable (SFAIRP) and duties to reduce
risks to ‘as low as reasonably practicable’ (ALARP) call for the same set of rules to be applied.
The meaning of SFAIRP has been the subject of legal judgment in the UK courts (Edwards vs.
National Coal Board). [HSE, SPC/Permissioning/12]. The HSW Act does not explicitly
distinguish between types of risks (individual, societal). To test whether the duty of reducing
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risks to SFAIRP has been met, the risk resulting from the work activity has to be weighed
against the cost of introducing measures to reduce this risk: only when the cost is grossly
disproportionate to the risk has the duty been met. For a work activity capable of causing
accidents affecting many people, however, the harm would not be limited to an individual. From
this it may be argued that the HSW Act itself requires dutyholders to take account of societal
risk. Individual risk may aid the design of an industrial plant but it is not necessarily sufficient
to demonstrate compliance with Health & Safety Law.
Risk assessments are also required by The Management of Health & Safety at Work Regulations
1999 [HSE 1999]. Regulation 3 requires employers to carry out risk assessments, make
arrangements to implement necessary measures, appoint competent people and arrange for
appropriate information and training. In specified circumstances, records of the risk assessments
must be made.
2.4

MAJOR HAZARD SITE REGULATION DEVELOPMENT

The first onshore major hazards specific regulations were the Notification of Installations
Handling Hazardous Substances Regulations (NIHHS) 1982 (amended in 2002, in relation to
ammonium nitrate and its mixtures) which prohibit the handling of certain hazardous substances
in quantities equal to or exceeding those specified in Part I of Schedule 1 unless HSE has been
notified. Certain sites and pipelines are designated as notifiable installations by virtue of the
quantities of hazardous substances used or stored. These regulations are still in force today but
have mostly been superseded by subsequent legislations.
The introduction, in 1984, of the Control of Industrial Major Accident Hazards (CIMAH)
Regulations, was the second health and safety legislation specific to onshore non-nuclear major
hazards. The regulations implemented the Seveso Directive 82/501/EEC, which takes its name
from an accident in 1976 at Seveso in Italy when a release of toxic substances from a chemical
factory caused widespread contamination of the area around the site. Operators of the most
hazardous sites which were termed ‘top tier’ sites, were required to provide HSE with
information on how their installations were designed, constructed and operated safely.
Following a number of major incidents in the European Community, the original Seveso
Directive was reviewed and Council Directive 96/82/EC known as the Seveso II Directive (as
amended by Directive 2003/105/EC), was introduced into the UK on 1 April 1999 by Control of
Major Accident Hazards (COMAH) regulations. These regulations required operators of sites
submitting safety reports to provide HSE with additional information about the potential effects
of major accidents at their sites - their likelihood, how far the effects might be felt offsite and
how much harm might be caused to people in the event. The regulations were subsequently
amended by the Control of Major Accident Hazards (Amendment) Regulations on 30 June
2005, however the requirement to provide the additional information and to demonstrate that
they have taken the necessary measures to prevent accidents and limit the consequences
remains.
There are approximately 1 100 sites that fall within scope of the COMAH Regulations in Great
Britain and about 370 of these fall within the criteria to class them as more hazardous i.e. ‘top
tier’. The operators of the top tier sites must send HSE a written safety report that demonstrates
they have done all they should to prevent and limit the consequences of major accidents. The
introduction of the COMAH Regulations in 1999 meant that additional information about the
potential effects of major accidents at these sites was required, including: their likelihood, how
far the effects might be felt offsite and how much harm might be caused to people in the event.
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Regulation 4 of the COMAH Regulations requires Operators of COMAH ‘top tier’ sites to “take
all measures necessary (AMN) to prevent major accidents”. This is interpreted as the equivalent
of reducing risks to “as low as reasonably practicable” (ALARP). In other words, “reasonably
practicable” measures are “necessary” measures, and measures that are not reasonably
practicable are not necessary. In terms of what they require of dutyholders, HSE considers that
duties to ensure health and safety so far as is reasonably practicable (SFAIRP) and duties to
reduce risks to as low as reasonably practicable (ALARP) call for the same set of rules to be
applied. The Seveso Directives (and hence COMAH) are not explicit about the type of risk, e.g.
individual or societal. They do, however, require major hazard site operators to identify the
extent and severity of foreseeable accidents, which is arguably an implicit requirement for wider
societal risks or concerns to be taken into account.
COMAH places a duty on certain site operators to:
• notify HSE if they become subject to COMAH (i.e. anticipating the presence of dangerous
substances above prescribed thresholds);
• ensure that “all measures necessary” are taken to prevent major accidents and limit their
consequences to people and the environment;
• prepare a major accident prevention policy; and
• prepare emergency plans.
In addition to this, sites that have higher quantities of dangerous substances above a second
higher threshold (known as top-tier sites) have a duty to:
• provide information to people in the surrounding are about the safety measures employed
onsite and what to do in the event of a major accident;
• supply information to the local authority so that an offsite emergency plan can be prepared;
and
• submit a written safety report to HSE that:
o demonstrates “all measures necessary” to prevent major accidents are in place;
o describes the sites, surroundings, hazards, risks and control measures in place; and
o includes information on the likelihood, extent and severity of possible major accidents.
HSE, along with EA and SEPA as the Competent Authority, assesses this information to
determine whether a site operator has made all necessary demonstrations, and inspects sites to
verify how the risks are being managed in practice.
HSE’s document on Risk Criteria for Land Use Planning in the Vicinity of Major Industrial
Hazards, known as “Risk Criteria Document” or “RCD” (1989) provides a discussion of
societal risk in the context of that time, in the land use planning arena, and provides the
rationale for that position. The document explores aspects of societal risk such as FN curves and
discusses a range of relevant issues.
LUP policy developed from the RCD has relied on individual risk based ‘zones’ as a platform
for LUP advice. However, account is implicitly taken of the numbers of people associated with
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a proposed development in the allocation of a development type ‘sensitivity level’. In effect, the
policy relied on individual risk estimates as a means to the end of societal risk management.
So, current LUP advice from HSE pays implicit and case-based attention to societal risk. Armed
with information on the outcomes of LUP advice (and major hazard control at source) in the
intervening decades and information about what has developed in the field of societal risk
estimation since 1989, the Technical Advisory Group can help HSE to review the need for, and
practicability, of a more explicit or holistic approach to societal risk in LUP. HSE will want to:
• be clear on the rationale (e.g. agreement that there is now reasonable cost and solid
information to act explicitly on societal risk); and
• develop a new policy statement (i.e. how we will explicitly evaluate and act on addressing
societal risk issues).
A replacement document for the RCD is an anticipated product of the current work.
A draft revision of the RCD was produced approximately 10 years after the original document,
but was not taken forward. This may help to inform discussion (for example by defining ‘local’
and ‘case’ societal risk evaluations).
The RCD is wholly focused on LUP and therefore does not readily inform any more explicitly
societal risk based approach to onsite risk control.
2.5

TOLERABILITY OF RISK AND ALARP

HSE’s tolerability of risk framework has underpinned HSE’s regulatory position on risk since
its original publication in 1988. The updated concept as published in R2P2 gave for the first
time, a criterion point for societal risk (paragraph 136 R2P2). HSE’s Hazardous Installations
Directorate developed its operational interpretation of this during the early 2000s and the
position was described in the guidance discussed in Section 2.1.1.
The HSE’s Tolerability of Risk framework (TOR), as shown in HSE’s publication R2P2, is
reproduced in Figure 2. The triangle represents increasing level of ‘risk’ for a particular
hazardous activity (measured by the individual risk and societal concerns it engenders) as we
move from the bottom of the triangle towards the top. The dark zone at the top represents the
‘unacceptable’ region. For practical purposes, and in general terms, the philosophy is a
particular risk falling into that region is regarded as unacceptable, whatever the level of benefits
associated with the activity. Any activity or practice giving rise to risks falling in that region
would, as a matter of principle, be ruled out unless the activity or practice can be modified to
reduce the degree of risk so that it falls in one of the regions below, or there are exceptional
reasons for the activity or practice to be retained.
One interpretation (used in SPC/Permissioning/12) of the boundary between the ‘unacceptable’
region and the ‘tolerable if ALARP’ region for societal risk can be determined from the societal
risk criteria given at paragraph 136 of R2P2 if this value is assumed to be a point on an FN
curve with a slope of –1 and truncated at N=1000. HSE’s Hazardous Installations Directorate
developed a societal risk index, RICOMAH using this point. The boundary between the
unacceptable and ‘tolerable if ALARP’ region is calculated to correspond to a risk integral of
approximately 500 000. The boundary between the ‘broadly acceptable’ region and the
‘tolerable if ALARP’ region is assumed to be two orders of magnitude below the ‘unacceptable’
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boundary and was calculated to correspond to a risk integral of approximately 2 000. [HSE,
SPC/Permissioning/12].

Figure 2 HSE framework for the tolerability of risk
Following the broad implications of R2P2, in SPC/Permissioning/12 HSE proposed that where
risk falls into the region of ‘unacceptable’ risk (whether for individual or societal risk) then
ALARP cannot be demonstrated and action must be taken to reduce the risk. As noted above,
HSE, pending cross government considerations, has not pressed ahead.
2.6

INTERACTION OF LAND-USE PLANNING AND THE COMAH
REGULATIONS

If recent or future developments in the vicinity of a major hazard installation have to be taken
into account when reviewing risk reduction measures, then there is a possibility that an initially
or currently well-located site may have to introduce new measures. This may be due to:
• encroachment (closer developments where there were none existing before);
• incremental development (developments not advised against individually);
• developments beyond the Consultation Distance (CD) especially for longer range hazards; or
• developments taken forward against HSE advice.
There are some who consider that none of these changes (largely, if not wholly, outside the
operators control) should be a basis for new requirements for risk reduction measures
If a site does introduce risk reduction measures, which HSE takes into account in its LUP
advice, then the range at which HSE advises against a development is reduced. So risk reduction
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at source can have an effect on LUP arrangements. In principle, any development within the
‘hazard range’ of the site can increase societal risk. So, in principle any development inside
‘hazard range’ can tip the balance on reasonable practicability of a further risk reduction
measure at source.
This interaction (or potential interaction) is seen as inequitable. One view is that the public
decision to allow development should absolve the operator of the burden (i.e. HSW Act S3
should be interpreted accordingly). HSE’s Economic Analysis Unit (EAU) has been
contemplating this problem from a ‘polluter pays’ perspective. The work of the LUP advisory
group has also touched on this point. HSE acknowledges the conflict in the various positions.
Responses to CD212 support the view that the developer (not the operator) should pick up the
burden where development triggers the need for further risk reduction, but the feasibility of any
mechanism has not been tested.
2.6.1

Legacy issues

‘Legacy’ issues arise where there are extant positions that the new policy aims to prevent or
control. If holistic societal risk measures are used, and where the existing position is already
outside any limits aspired to, then there is a view that the new policy will penalise developers
and operators. In other words, it is implicit that past ‘weaknesses’ (as seen in the light of the
new policy) will be paid for by sacrifices (loss of development or risk reduction measures). On
this view, new development will be inhibited where, through no fault of the local authority,
societal risk happens to have accumulated, and - in principle at least - risk reduction may be
required, based on population accumulations that would not have occurred (at least to the same
extent) if the old policy had been ‘strong’.
Distinctions can be made between accumulations of population before (and after) consent
approval, before land use planning controls, and revisions of that control, and before
introduction of the new societal risk policy. With the additional split of where consent pre-dated
or post-dated LUP controls this results in a set of different legacy positions where, arguably,
different positions on LUP and enforcement could be considered appropriate.
2.7

LAND USE PLANNING AROUND MAJOR HAZARD SITES

Historically, HSE has based its land-use planning advice on the presumption that site operators
are complying with the Health & Safety at Work etc Act 1974 (HSW Act). The main legal
driver now is the EU Seveso II Directive, the principal land use planning aspects of which are
given effect in the UK by the Planning (Hazardous Substances) Regulations (the PHS
Regulations) and associated legislation.
HSE applies certain principles when providing advice to planning authorities. These are based
on the recommendations of the ACMH. The Buncefield land use planning consultation
document sets out these principles in CD211 and asks if they are still appropriate in light of the
incident. The overwhelming response to that the consultation document indicates that they
were.
Sites anticipating the presence of certain hazardous substances, above defined limits, have to
have ‘consent’ from the Hazardous Substances Authority (HSA), which is usually the local
planning authority (LPA). By law the HSA must consult HSE when it considers Consents
applications. HSE uses the information contained in consent applications to establish the
‘consultation distance’ (CD) around the installation. If consent is granted, HSE notifies the LPA
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of a ‘consultation distance’ (CD) around the site and produces a map dividing the CD into three
zones, defining levels of likely risk or harm to any individual within each zone. These three
zones are delineated by risk or hazard contours. The CD is based on the maximum quantity of
hazardous substance(s) that the site is entitled to have under its consent. HSE notifies the LPAs
of all CDs in their areas.The nearer an individual is to the site, the greater the level of harm or
risk would be. HSE must, by law, be consulted by the LPA on any future applications for
planning permission for specified development within these zones.
HSE’s specific role in LUP is two-fold:
• to consider the hazards and risks which would be presented by the hazardous substance(s) to
people in the vicinity, and on the basis of this to advise the HSA whether or not consent
should be granted for a new or modified major hazard site; and
• to advise the LPA on the nature and severity of the risks presented by the installation to
people in the surrounding area so that those risks are given due weight by the LPA when
making its decision. Taking account of the risks, HSE will either advise against a proposed
development or simply note that it does not advise against it.
HSE’s role in the land use planning system is advisory. It has no power to refuse a consent or a
planning application. It is the responsibility of the HSA or LPA to make the decision, weighing
local needs and benefits and other planning considerations alongside HSE advice.
Prior to 1999 HSE staff in local offices used a codified matrix from which the majority of
consultations could be quickly turned around with either an ‘allow’ or ‘refuse’ decision. To
make the process more rapid, PADHI (Planning Advice for Developments near Hazardous
Installations) was developed between 1999 and 2003; it is a methodology and software decision
support tool developed and used in HSE to give LUP advice on proposed developments near
hazardous installations.
PADHI uses two inputs to a decision matrix to generate the response:
• the first is which of the 3 zones in the CD the development is located in; and
• the second is the ‘Sensitivity Level’ of the proposed development, which is derived from an
HSE categorisation system of ‘Development Types’.
The matrix will generate either an ‘Advise Against’ or ‘Don’t Advise Against’ response that
PADHI generates for the Planning Authorities.
Additionally there is guidance in the form of ‘rules’ on how to deal with the more complex
cases where:
• the development is located in more than one zone;
• more than one hazardous installation is involved;
• the proposal is for more than one development type (using HSE’s categorisation method);
and/or
• an existing facility is being extended.
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2.7.1

Protection concept

HSE uses the ‘protection-based’ approach to determine consultation distances (CDs) and zone
boundaries for some sites. This method selects a representative ‘event’; experience with risk
analysis has shown that there is one event that dominates the risk profile. This event is chosen to
form the basis of a protection-based assessment from which the consequences are modelled and
hence the land use planning zones determined.
The protection-based approach as employed by HSE is based upon the description in the third
report of the Advisory Committee on Major Hazards:
“Ideally, the separation should be such that the population would be unaffected whatever
accident occurs. For hazardous installations, however, such a policy is not reasonably
practicable. It seems reasonable to aim for a separation which gives almost complete protection
for lesser and more probable accidents, and worthwhile protection for major but less probable
accidents.”
The selection of the representative worst-case major accident for the protection concept, has
been considered by some to be somewhat arbitrary. HSE now quantifies the residual risk, but
where the quantification of risk is difficult or uncertain, or where the protection concept would
generate similar results in terms of the size of land use planning zones and the advice given,
then HSE continues to base its land use planning advice on residual risk as represented by the
consequences of a representative worst case accident.
2.7.2

Incremental developments

For proposed developments near major hazards, HSE provides its advice case-by-case on the
basis of individual risk (which in combination with sensitivity levels attends to ‘case societal
risk’), so that advice is blind to the cumulative effects of separate developments over time, or
from a ‘legacy’ of development, on societal risk around a site. As a result, ‘local’ societal risk
around the site plays no part in the formulation of HSE’s advice or therefore in planning
authorities’ decision-making.
2.7.3

Developments outside the CD

HSE does not currently advise on any proposed development outside its notified CD. Whilst the
level of risk to individuals falls with distance away from a site, developments beyond the CD
can increase societal risk.
The perceived failure of current LUP control to prevent incremental development (and so
incremental growth of societal risk) and to prevent any development outside the CD (including
potentially significant contributors to societal risk growth) is the driver for proposed change in
LUP advice, to give more explicit attention to societal risk control.
It follows that the policy (built on technical decisions about the basis of societal risk estimation)
should be judged on whether it is satisfactory in controlling incremental developments within
existing CDs and (some) developments beyond some of the current CDs.
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3
3.1

SOCIETAL RISK

THE CONCEPT OF SOCIETAL RISK

Societal risk is defined as the relationship between frequency and the number of people
suffering from a specified level of harm in a given population from the realisation of specified
hazards [Jones, 1985]. Societal risk evaluation is concerned with estimation of the chances of
more than one individual being harmed simultaneously by an incident. The likelihood of the
primary event (an accident at a major hazard plant) is still a factor, but the consequences are
assessed in terms of level of harm and the numbers affected (severity), to provide an idea of the
scale of an accident in terms of numbers killed or harmed.
Societal risk is dependent on the risks from the substances and processes located on a major
hazard installation. A key factor in estimating societal risk is the population around the site, in
particular its location and density. For example the more (occupied) buildings in any particular
area, the more people could be harmed by a toxic gas release passing through that area. For an
installation with a population located in a specific compass direction, the chance of a toxic gas
release would depend on the probability of drift in that direction.
Examples of sites that could present significant societal risk include:
• chemical plants where liquefied toxic substances are manufactured, stored, or used;
• some water treatment plants where liquefied toxic chemicals are stored for use in water
purification; and
• large liquefied petroleum gas (LPG) and liquefied natural gas (LNG) storage facilities.
The risks from large-scale petrol storage facilities are under review in the wake of the
Buncefield incident in December 2005. It may be that some of these sites could qualify for
explicit attention in relation to societal risk.
Societal risk is not a new concept. In the 1960s and 1970s, sophisticated risk assessment
techniques were developed which enabled experts to analyse in numerical terms, the likelihood
and consequences of various accident scenarios at major hazard installations. Such techniques
were however, and still are, difficult and can be costly to implement. HSE has recently
developed techniques to use the information provided by site operators, as part of COMAH
Safety Reports, to make an approximate estimate of societal risk levels.
3.2

UNITS/ MEASURES OF SOCIETAL RISK AND CRITERIA

R2P2 has identified a possible threshold point for societal risk (50 fatalities at 1/5000 per year),
discussed in Section 2.1.1. Societal risk thresholds of this kind relate to a particular frequency
and size of incident. Threshold criteria themselves tell us nothing about the acceptability of
incidents with lower frequencies and higher consequences, or vice versa. Further, there may be
a need to distinguish application of such criteria to an activity, a location, or a question (of
hazardous consent, of development, or of risk reduction).
Generally, scenarios to be included in a risk assessment can be characterised as having a
frequency (f) and a consequence (N, number of casualties). Upper case F is used to denote the
sum of the frequencies of all the individual events that could lead to N or more fatalities.
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Societal risk can be represented:
• graphically, in the form of FN curves [Appendix 1]; or
• numerically, in the form of a risk integral.
3.2.1

FN curves

A basic introduction to FN curves can be found in Appendix 1.
Societal risk can be represented by FN curves, which are plots of the cumulative frequency (F)
of various accident scenarios against the number (N) of casualties associated with the modelled
incidents. The plot is cumulative in the sense that, for each frequency, N is the number of
casualties that could be equalled or exceeded. Often ‘casualties’ are defined in a risk assessment
as fatal injuries, in which case N is the number of people that could be killed by the incidents.
Calculating ‘full’ FN curves is a very resource intensive exercise and can therefore be
expensive, as it requires analysis of all potential major accident scenarios.
‘Criterion lines’ on FN plots have been suggested as a means to define risk zones/ categories.
R2P2 defines one point, (N=50, F(N)=1/5000 per year), and if this point is placed on an FN
curve, and a line drawn through it, with a slope of −1, it can provide a criteria comparison line.
To use this, a calculated curve for a site can be superimposed, and if any point of this curve lies
above the criterion line at any point, then this could indicate unacceptability. This begs the
question whether the actual curve must be below the criterion line at all points, or can some
excursions above the line be allowed, if these are balanced by points where the curve is below
the criterion line. There is no universal agreement on this. FN curves are discussed by [Ball and
Floyd (1998)].
FN curves cannot easily be compared with one another for the purpose of ranking (judging
which curve represents the higher overall societal risk). Although all FN curves have a generally
similar shape, the detail can be very different. The need for ranking and the substantial resource
requirements of generating FN curves, resulted in HSE developing more efficient approximate
techniques to sum up the societal risk for each site and represent it as a single number, thus
allowing comparison and ranking.

18

Figure 3

Example of an FN curve and the R2P2 criterion point

3.2.2

Risk integrals

3.2.2.1

Expectation value, EV or potential loss of life, PLL

The expectation value, EV (sometimes referred to as potential loss of life, PLL or rate of harm)
is the average number of persons receiving the specified level of harm (i.e. fatality for PLL) per
year. EV is calculated by summing the products of impact frequency (taking account of harm
probability) and number of persons affected. Essentially, expectation value is a measure of how
many casualties (often fatalities) per year are implied in the risk assessment of a situation.
The Expectation Value (EV) or Potential Loss of Life (PLL) is simply the sum of the products
of all these f-N pairs, i.e. Potential Loss of Life = ΣfN [people/year]
The EV or PLL, sometimes also called the average Rate Of Death (ROD), is useful in Cost
Benefit Analysis and ALARP demonstrations as it can be multiplied by the Value of a
Statistical Life (e.g. ~ £1 million [HSE ALARP Suite of guidance]) to determine the value of
the benefit that could be gained by reducing the risk. Mathematically,
EV=ΣfN.
Whilst the Expectation Value is reported with units “expected casualties per year”, the value in
real cases is typically very small (e.g. 0.000 01 expected casualties per year).
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3.2.2.2

Risk integral, RI and the scale aversion index, α

A risk integral (RI) is a summary of the overall level of societal risk, taking account of the
whole set of f-N pairs. The calculation of a contribution to the RI can weight the value for N so
as N increases, the RI contribution (for events of a given frequency) also increases but at a faster
rate – in simple mathematical terms N is raised to a power α (the scale aversion index or
‘factor’) in the function ΣfNα. Proposed values of α are generally in the range 1 to 2. So, for a
given f-N pair, the contribution to RI (i.e. fNα) grows with N in comparison with the
contribution to EV (i.e. fN). This leads to the scenarios with the greater the number of estimated
fatalities being more influential in relation to any decision criteria. In other words, the
consequences of events are considered to be more important than the likelihoods. This follows
HSE’s precautionary approach in the face of uncertainty that attaches more weight to
consequences in its decision making. The example given in R2P2 paragraph 94 is of a major
explosion in a built up area [HSE(2001)].
HSE’s approach in ranking sites for attention has been to use an index of 1.4, giving a risk
indicator known as the COMAH Risk Integral, RICOMAH.

RI COMAH = ∑ fN α where α=1.4
The full mathematical justification for this is described by Hirst & Carter (2002).
An RI value is a summary statistic and so cannot, by itself, tell us anything about the various
specific accident scenarios or their likelihood at any site. For example, it isn't possible to
conclude that a site with an RI of 500,000 has a greater than 1 in 5000 chance of an accident
that would kill 50 or more people. Moving from FN representation to RI sacrifices detailed
information (F-N pairs) for ease of comparison and ranking (RI values are more easily and
unambiguously ordered than FN curves).
EV can be regarded as a special case of an RI with no scale aversion (i.e. RI calculated with
α=1).
3.2.2.3

Risk integrals for land use planning

A proposed risk integral for land-use planning (RILUP) uses a higher degree of scale aversion,
more consistent with HSE’s other LUP positions.

RI LUP = ∑ FN = ∑ fN α where α=2

3.3

TOOLS & TECHNIQUES FOR ESTIMATING SOCIETAL RISK

3.3.1

Approximate risk integral, ARICOMAH

RR283, Development of an intermediate societal risk methodology, An Investigation of FN
curve Representation [Quinn & Davies (2004)], describes ARICOMAH as a method that provides a
‘rough’ but rapid indication of the magnitude of societal risks at, and in the vicinity of, a major
accident hazard installation. It can be used as an initial screening tool when examining safety
reports submitted under the Control of Major Accident Hazards (COMAH) Regulations.
Essentially, ARICOMAH is a simple formula that produces a score that can be compared against
set criteria. Although ‘coarse’, the use of ARICOMAH requires only the frequency of the worst20

case scenario and the maximum number of persons harmed. The tool is summarised in
SPC/Permissioning/12 and a full description of the methodology is given in Hirst & Carter
(2002). The methodology requires that, for the installation in question, the ‘worst case’ (that is,
maximum number of fatalities) accident is identified, using judgment and past experience of
installations of a similar nature. For this accident, site-specific calculations are then performed
in which the accident consequence footprint is overlaid on a map showing the surrounding
populations. Where the footprint is elongated (unidirectional events), it must be orientated as
necessary to capture the greatest number of persons within it. Arrangements for storing and
using the dangerous substance on the site are also examined. These considerations lead to
estimates of the severity and the likelihood of occurrence of the worst-case accident; in effect,
locating the right-hand end of the F–N plot. An assumption is then made about the form of the
F–N plot and thus the value of ARICOMAH derived from that.
3.3.2

QuickFN

ARICOMAH, has technical limitations and is difficult to understand. In recognising these
limitations, HSE has developed a more sophisticated ranking tool QuickFN, which has largely
replaced ARICOMAH. However, existing ARICOMAH results have not been abandoned, and they
have been used, for example, in deciding the priorities for carrying out QuickFN analysis.
QuickFN is a more complex tool than ARICOMAH that is based on detailed QRA’s carried out on
a number of representative installations. It uses a number of scenarios occurring between Nmax
and 0.1 Nmax that are specific to the hazardous material and type of installation (storage,
processing) to define the low F, high N part of the FN curve. A line of slope -1 is used to
complete the F(N) curve back to the F axis from the tangent to the calculated curve (not the
upper point on the calculated curve). This approach is described in RR283, [Davies and Quinn
(2004)], and an Addendum document which accompanies the research report [Davies and Quinn
(2005)]. Further details can also be found in [Wardman et al. (2007)] and RR297 [Smith et al.
(2005)].
QuickFN removes some, but not all, of the uncertainties of ARICOMAH, and is far quicker and
less costly than a full QRA. QuickFN is much less sensitive to estimates of F(Nmax) and of Nmax.
Further information on QuickFN can be found in Appendix 2.
3.3.3

‘Full’ Quantified Risk Analysis (QRA)

A ‘Full QRA’ considers all scenarios without pre-selection, which removes the additional
uncertainties of short-cut methods such as ARICOMAH and QuickFN. Full QRA’s show the
structure of where high F and N conditions exist, and can cover both onsite and offsite risks.
However, they are far more costly and resource intensive than ARICOMAH or QuickFN, and
require skills/expertise which may not be available in smaller companies. In addition, Full QRA
may not be appropriate for low hazard and/or low risk installations where the resource
requirement is disproportionate to the societal risks presented by the installation.

3.3.4

National Population Database (NPD)

Societal risk calculations require an estimate of the numbers of people that could be harmed. In
the past this has been hard to do in a systematic, methodological manner and at the required
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scale and detail. This led HSE to commission the development of the National Population
Database (NPD) tool.
The NPD tool provides population data from a local to a national level for England, Scotland
and Wales. It is a Geographical Information System (GIS) based tool, which uses a number of
different source data sets to produce detailed estimates of a variety of populations. The data sets
incorporated in the NDP include tables from the UK census, national mapping on a range of
scales, address and transport network data and commercial and business data sets. The
methodology developed for the tool involves identifying and locating a range of features,
including building types, infrastructure and land use areas, to which population multipliers are
applied to produce estimates of the different populations. The population multipliers provide
differentiation between population levels at different times of day and between populations of
different sensitivity.
The populations and the differentiation that is available from the tool are,
(1) Residential – Daytime term time
Daytime non-term time
Night time
(2) Sensitive -

Hospitals
Schools (primary, secondary, boarding)
Care Homes

(3) Communal Establishments –

Prisons
Stadia
Country Parks
Recreational Facilities
Campsites

(4) Transport –

Motorways (average, peak and max populations)
A-Roads (single, dual carriageway, average, peak, max populations)

(5) Workplace – Daytime population
(6) Retail – Daytime population
The NPD provides population estimates on a 100 m grid or on an individual building basis, for
some population types. Further details of the NPD are provided in Appendix 3.
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3.4

TOLERABILITY CRITERIA

3.4.1

Enforcement/ regulation

When talking in numerical terms about calculated levels of risk, be it individual or societal risk,
some form of benchmarks or criteria are needed to compare the figures against.
Ultimately, decisions on the levels of risk that should be considered acceptable are for society to
decide. Estimating major hazard risks is an inexact science and calculations can only be used as
an aid to decision-making. This applies both to decisions by site operators about investment in
additional onsite safety measures, and by planning authorities about land use around such sites.
There will almost certainly be other factors in addition to safety considerations in any particular
case – for example, the effect of new onsite technical measures on business viability or the
benefits that new development would bring to a community.
The Government’s view therefore is that informed public opinion, and not solely professional
judgement, should guide decisions on where societal risk might be considered either so low that
it can be ignored, high enough to be considered with other factors, or indeed so high that they
might override other factors. Further information about risk acceptability is provided at Annex 3
of CD212.
3.4.2

Criteria for advising on land use planning

In providing advice on development to planning authorities, HSE uses different criteria to that
for enforcement/ intervention. This is because the kind of decision being made is different. In
the previous section, the issue was identifying whether the risks generated by the installation
were below what might be considered ‘unacceptable’, and seeking to reduce them to a level that
is as low as is reasonably practicable (ALARP). For land use planning, we start with the
assumption that individual risk offsite has already been reduced to ALARP, and what we are
considering is the ‘residual’ risk that remains. The existing decision criteria that HSE has set
recognise that it is neither practical nor desirable to prohibit all development around major
hazard sites. Businesses, shops, community facilities and housing may all well be needed in
such areas, and the system ensures there is balance between the benefits such development
brings and the risks to the population.
Furthermore, the final decisions on development rest with the planning authorities who will
weigh HSE’s advice on risks with other socio-economic issues as described above.
HSE generally advise against a proposed development that would introduce a significant
number of people into an area where their individual risk levels would be significant/ substantial
when compared with other involuntary risks to which they are exposed in everyday life. Where
the risks are lower than this, HSE will generally not advise against the proposed development.
The criteria HSE use include an implicit societal risk consideration for each individual
development, in that the number of people likely to be at the development is taken into account
in determining ‘sensitivity level’ and so in arriving at HSE’s advice. However, there are as yet
no land use planning societal risk criteria for assessing overall or ‘local’ societal risk around a
site, and against which decisions might be made. The threshold HSE developed from the R2P2
criterion point has been used for the purpose of assessing roughly what the levels of SR are –
not for determining LUP advice.
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3.5

CONFIDENCE & UNCERTAINTY IN SOCIETAL RISK ESTIMATES
CRITERIA

A great deal of approximation and estimation has to be built into all risk quantification, making
it an exercise subject to some uncertainty. One good reason for this is the fact that major
accidents happen so rarely around the world such that there is insufficient experience of
incidents to provide certain estimates of how often things go wrong. Therefore experts make
judgments on issues like how often a chemical storage tank might fail while in use. This figure
might then be used to estimate the risk of someone being harmed by this event.
Societal risk estimates can be very sensitive to some particular data (failure frequency, toxicity,
dispersion assumptions). An estimate considered more likely than not to be ‘on the safe side’
(50% confidence the estimate is not low) can be very different from an estimate considered to
be unlikely to be low (say, 95% confidence the estimate is not low). There is a view that
different levels of confidence may be appropriate to estimates used for different purposes.
Lines [2005] produced a report, commissioned by HSE, which describes a study into some of
the uncertainties associated with the calculation of societal risk, in particular sensitivity to harm
criteria as well as consequence models used. The effects of several other factors involved in the
societal risk calculations have also been briefly investigated, and this confirms that the above
two factors (i.e. choice of harm criterion and choice of model) are generally more significant
than other assumptions in the risk assessment methodology.
In summary, high numerical accuracy in quantifying safety risks is not possible because of
inherent uncertainties in risk assessment in general and major hazards risk assessment in
particular. For this reason, it is sensible, if not absolutely necessary, to regard societal risk
estimates and criteria as no more than indicators or guidelines, but calculating them in a
consistent way does enable comparisons to be made.
3.6

THE IChemE REPORT: A REVIEW OF HSE’S APPROACH TO
SOCIETAL RISK

The Institution of Chemical Engineers (IChemE) was asked to review HSE’s approach to
societal risk. The IChemE report [IChemE, 2006] is a critique of HSE’s implementation of
societal risk policies and on HSE’s approach to societal risk estimation. The report reviews the
use of ARICOMAH as a means of estimating societal risk; QuickFN had also recently been
developed at the time and was thus also reviewed. The IChemE report brings out some of the
technical issues that require resolving. It was found that the current societal risk evaluation
using QuickFN was fit for purpose as a ranking tool, especially when assessing the need for
strength and depth of “ALARP demonstration”.
A societal risk screening tool based on simplified QRA, such as QuickFN, to assist HSE in
deciding where it should direct its efforts to improve safety on COMAH sites was considered by
IChemE to be wholly appropriate.
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4

INTRODUCTION TO TECHNICAL ISSUES

Ministers have agreed that societal risk should be taken into account in revised policies for land
use planning and onsite measures. However, exactly how this is done has not been agreed.
HSE has calculated estimates of societal risk for the purpose of risk ranking and identification
of sites for regulatory attention. It used a methodology and benchmark criteria developed ‘inhouse’ and has received some external scrutiny and challenge. Whilst that is reasonable for the
purposes of screening or prioritisation, it is less clear whether the method is suitably robust to
influence decisions for land use planning developments or onsite measures.
A succession of questions, some of which were raised in the responses to CD212, need to be
considered so that estimates of societal risk can be fed into more explicit policies for land-use
planning or risk control at source.
The scope of explicit attention to societal risk includes both LUP and risk control at source.
Most questions of LUP or risk reduction at source will require a ‘before’ and ‘after’ estimate;
i.e. the decision maker will want a view on what is the societal risk before the proposed
development/ risk reduction and what would be the societal risk after the proposed
development/ risk reduction.
So, for each question, consideration needs to be given to whether the same answer applies to
LUP as to risk control at source, and consideration needs to be given to whether the same
answer applies to a ‘before’ estimate as to an ‘after’ estimate. The cost-benefit balances in LUP
decisions and in risk control decisions are different. The source and quality of information about
the ‘before’ and the ‘after’ positions will differ.
A key question is how should a societal risk evaluation be presented. FN curves provide much
information but in a form that is difficult to work with. Risk integral values are easier to handle
but have their limitations. An end point on the decision-making criteria for any societal risk
evaluation needs to be agreed.
Is the evaluation of societal risk to be based on the presence of hazardous substances as the
operator stored or uses them on a daily basis ("as is") or on the potential for their presence
permitted within their hazardous substances consent ("as consented")?
Is the ‘weight’ (aversion) given to multiple-casualty events to be in proportion to the number of
people affected? Or are multiple-casualty events to be more strongly weighted, and if so then
how and to what extent (i.e. what scale aversion should be included).
How detailed an account of population should be attempted? How should limitations of the
national population database be managed? Should onsite population be included? Should
offsite non-residential, population be included (and, if not, then are LUP decisions about nonresidential populations excluded)? Should transient population, perhaps not requiring planning
permission, be included? In estimating societal risk, should anticipated population, for example
at a permitted but not completed development, be taken into account?
How extensive should the evaluation of societal risk be, and how extensive should the
interventions arising from it be? For example, should societal risk assessment extend to the
‘hazard range’ (possibly beyond 15km) or be limited in some way? At what range can
intervention in LUP be justified?
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What ‘currency’ of harm should be used in societal risk evaluation? For example, is attention
to fatal injury sufficient; or, should other harms be included (and if so then what and how)?
Should attention to harms other than personal health and safety be included as suggested by
some respondents to CD212 (such as economic loss, or environmental harm), and if so then
what, how and by what agency? In the ‘currency’ of personal health and safety harm, should
more (or less) vulnerable populations be given different weights (and if so what weights, when
and how)?
Should explicit attention be given to all current risk reduction measures (e.g. including nonpassive measures or other measures not routinely accounted for in assessments for PADHI,
because they are not considered enforceable under health and safety or planning legislation)?
What attention, if any, should be paid to mitigation claimed for buildings (by chance or by
design) and for emergency response?
What quality of data should be relied on in societal risk evaluations? Some details of site
operation will be key (especially if assessments are on an "as is" not "as consented" basis).
These details may change with time or may have been misconstrued. Population information,
taken at face value from available data or maps, may be misleading and change with time. An
operator or developer may have access to (or gain access to) better (or seemingly better)
information.
To what extent are new approaches, such as accounting for topography possible or necessary?
Should evaluation be influenced by an operator’s past performance, or should this be treated
separately (and if so, then how)? How should installations or establishments (in common or
separate ownership) with overlapping ‘hazard ranges’ be dealt with? Should value added (by
the installation or a proposed development) be taken into account (and if so how)?
HSE’s working assumption is that the list of sites identified in relation to CD212 will qualify for
more explicit attention to societal risk. Does this qualification need to reviewed?
Each decision (whether on LUP or risk reduction) will rely on assessments of societal risk. For
LUP, we anticipate that a ‘stock’ of ‘before’ assessments will be held (developed from the stock
of ranking assessments). Should these stock assessments be updated for every decision or only
occasionally, and on what basis?
There may be differences of approach between societal risk evaluations and the basis of
assessments currently used in PADHI. How should these differences be managed? There are
cases where a societal risk assessment exists, yet the LUP advice is currently based on the
protection concept.
In some cases “history" may have led to populations accumulated around sites (before a
deemed consent, or through incremental development, or development beyond the CD but
within ‘hazard range’, or through LPAs deciding against HSE advice). Should the evaluations
be irrespective of history or are any concessions appropriate to distinguish the handling of these
"legacy" situations (and if so what and how)?
The focus for the ranking work has been fixed installations. Should pipelines be considered (and
if so then how)?
When considering all these questions, it will be necessary to bear in mind some goals,
constraints and comparators. Will the more explicit attention to societal risk be achieved by
means that are sufficiently simple, clear and unambiguous? What are the resource
implications and who should bear the costs? Will the LUP mechanisms deal adequately with:
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incremental development; development outside the CD; risk reduction at source? What
further research is needed to underpin the necessary assessments?
When and how should “gross disproportion” be taken into account? Might a first-come-firstserved (‘bucket of risk’) approach, or the prospect of one, lead to a ‘goldrush’ (perhaps
promoting more rapid or less desirable development)?
How do the proposed schemes fit with the desire for a “level playing field” in relation to: other
HSE regulated hazards (e.g. nuclear installation); other UK LUP positions (e.g. around
airports); other EU positions; rest of the world positions?
The technical issues are presented in two sections, roughly in the order they could be addressed:
• The first group are "Issues where Technical Advisory Group [TAG] lead information of
policy", where option generation and decision will be needed to support the TAG.
• The second group are "Issues for Technical Advisory Group to bear in mind, but on which
they may want to comment", probably not needing option generation and decision by/for
TAG, but indicate overall constraints/ objectives. Any suggestions from the TAG would have
to fit in a wider context, or wider issues (like gross disproportion, where this project does not
have a free hand - we could "propose" but not "dispose").
4.1

ISSUES WHERE TECHNICAL ADVISORY GROUP [TAG] LEAD
INFORMATION OF POLICY

(1)

Representation of societal risk

(2)

Substances onsite – should the calculations be based on consented quantities and
substances or what is actually present on site?

(3)

The scale aversion factor

(4)

Onsite and industrial populations

(5)

Transient population

(6)

Should assessment extend to the “hazard range” or be limited in some way?

(7)

Should intervention extend to the “hazard range” or be limited in some way?

(8)

Should consideration given to harm to people be limited to estimation of fatal harm (or
include, for example, long term ill health)?

(9)

Should consideration given to harm to people be extended to include building damage,
loss of facilities, environmental damage etc.?

(10) Should more vulnerable (or less vulnerable) population be given a different weighting?
(11) Should explicit attention be given to all current risk reduction measures (e.g. including
non-passive measures or other measures not routinely accounted for in assessments for
PADHI because not enforceable under health and safety or planning legislation)
(12) Should mitigation (e.g. through building design) be taken into account?
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(13) Should emergency response (e.g. evacuation) be taken into account (and if so how)?
(14) To what extent are “reality checks” such as site visits necessary?
(15) To what extent are new approaches, such as accounting for topography possible or
necessary?
(16) Should the operator’s past performance be taken into account (and if so how)?
(17) How should installations or establishments (in common or separate ownership) with
overlapping “ hazard ranges” be dealt with?
(18) Should value added (by the installation or a proposed development in the vicinity) be
taken into account (and if so how)?
(19) At which hazardous installation is explicit attention to societal risk necessary?
(20) Should assessment be updated for every decision or only occasionally and on what basis?
(21) How should differences in approach between PADHI and more explicit societal risk
estimation be managed?
(22) Should the scope include existing populations within the consultation distance and
“retrospective risk reduction” considerations (and how should the various possible
“legacy” positions be handled)?
(23) Should pipelines be included?
4.2

ISSUES FOR TECHNICAL ADVISORY GROUP TO BEAR IN MIND

(1)

How can explicit societal risk controls be kept simple, clear and unambiguous.

(2)

Resource implications – how much will explicit societal risk controls cost and who should
bear the costs.

(3)

How will mechanisms deal with incremental development, development outside the CD,
and risk reduction at source.

(4)

What further research is needed to underpin the necessary assessments?

(5)

When and how should “gross disproportion” be taken into account?

(6)

Might a ‘bucket of risk’ approach, or the prospect of one, lead to a ‘goldrush’ approach
(promoting more rapid development)?

(7)

The level playing field: other HSE (Nuclear); other UK (Airports); other EU; rest of world
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APPENDIX 1
FN CURVES, EXPECTATION VALUE (EV) AND
‘RISK INTEGRALS’ (RI): A SIMPLE INTRODUCTION
A1.1

FN CURVES

Suppose, for illustration only, that based on hazard analysis and event frequency analysis, we
forecast three possible events as follows (Table 1):
Table 1 Model frequency and consequence data
Consequence

Frequency

(Number harmed (N) i.e.
number of casualties expected)

(Events expected per year (f))

Fire

1

0.04

Explosion

5

0.02

Toxic Release

10

0.01

Event name

This is an entirely artificial set of data, very unlikely to represent any real case.
“N” is the number of people estimated to be harmed in each event. Often the basis of including
a person in “N” is fatal harm, and then N is the number of fatalities. Sometimes the qualifying
criterion for inclusion in N is not fatal; then N is the number of casualties.
“f” is the frequency attributed to each event. Often it is more convenient to give these
frequencies in scientific notation so that “0.001” (one event every 1 000 years) will be more
often quoted as “10-3”.
In the early stage of a more complex analysis, there may be more than one event with the same
number of casualties. Before proceeding to construct an FN curve, we need to have only one “f”
value for each “N” value. So where more than one event has the same number of casualties we
will combine (add) the frequencies to give a single value. In the example above, this is not
necessary.
When we are ready to produce an FN curve, we can write down a set of “f-N pairs”. For the
example, the f-N pairs are:
N=0

f=0

N=1

f= 0.04

N=2

f=0

N=3

f=0

N=4

f=0
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N=5

f=0.02

N=6

f=0

N=7

f=0

N=8

f=0

N=9

f=0

N=10 f=0.01
N>10 f=0.
We can use function notation to write each pair as a single statement, for example
f(1)=0.04
meaning f, when N is 1, is 0.04
similarly
f(5)=0.02
f(10)=0.01
We can plot the f-N relationship, but its shape is not very informative. We can construct a bar
chart by grouping outcomes (e.g. N=1-5, N=6-10 etc.), but again the shape is not very
informative and is highly dependent on the (arbitrary) grouping of outcomes.
It is essentially because these plots are not helpful that cumulative frequency curves, known as
FN curves, are used.
The number “F”, for a given N, is the sum of the frequencies of all events where the outcome is
N casualties or more.
Graphically, we can construct an FN curve by building from the maximum N value (Nmax) and
climbing by f(N) as we travel from Nmax down to N=1. Figure 4 illustrates the outcome of this
process for our simple and artificial example. In practice, FN curves are usually plotted on
logarithmic axes (because of the range of values that need to be represented). Here linear axes
have been used to make more apparent the means of construction. In principle a “curve” should
not be drawn through the data, as the x axis is discrete not continuous, but a curve is usually
shown on FN curves in practice to aid visual impact, and curves have been shown here for
illustration only.
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F 0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00
1

2

3

4

5

6

7

8

9

10
N

Figure 4 Model FN plot

Generally the construction is illustrated as:

F

F(N)=f(Nmax)+f(Nmax-1)+ …f(N)

N
Figure 5 Generic FN curve
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For the simple data set, the complete construction (of Figure 5), is:
Start at Nmax (in this case N=10).
At N=10 step up from f = 0 (the frequency of events with N>10) to f(10)=0.01
For successively lower values of N, add in the f values (from all scenarios associated with each
N). In this case for N=9 down to N=6 nothing happens, then at N=5 we step up from 0.01
(which is F(6) and is the sum of all f from f(6) to f(Nmax)) to 0.03, i.e.
F(5)=F(6) + f(5)
or
0.03=0.01 + 0.02
Continuing in the same manner, then finally
F(1)=F(2) + f(1)
or
0.07=0.03 + 0.04
The first parts of this construction are, schematically:

F

F(5)=f(10)+f(9)+ …f(5)

f(5)

f(10)

N
Figure 6 FN curve using a simple data set
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For the example, the F-N pairs are then:
N=1

F=0.07

N=2

F=0.03

N=3

F=0.03

N=4

F=0.03

N=5

F=0.03

N=6

F=0.01

N=7

F=0.01

N=8

F=0.01

N=9

F=0.01

N=10 F=0.01
N>10 F=0.
In any real case, the analyst will have lumped a range of possibilities into a single representation
(an f-N pair); it is usually impractical or impossible to do better. So in reality, Nmax is a fuzzy
concept and the individual ‘f’ contributions building the FN curve are also best viewed as
representing a fuzzier reality. Sufficient division of the problem will tend to give an appearance
of smoothness in the final FN curve. However, if the analyst has adequately diced up the
problem, then the FN curve may be less fuzzy than the individual contributors (though still far
from certain in its detail).
A1.2

EXPECTATION VALUE AND ‘RISK INTEGRALS’

One way of summarizing the information in an FN curve is to calculate the expectation value,
the harm expected as a long-term average in a given year frequency (and so expressible as
‘casualties expected per year’).
For our simple data,
N=1, f=0.04
N=5, f=0.02
N=10, f= 0.01
The overall expected harm (the expectation value, EV) is the sum of N×f, i.e.
EV = 1 × 0.04 + 5 × 0.02 + 10 × 0.01 = 0.24 (casualties expected per year)
This summation pays attention to multiple casualty incidents in proportion to the number of
casualties in the incident.
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Alternatively, a weighted summation can be made. There is a view that incidents with larger
expected casualties should be given more than proportionate attention (e.g. an incident with ten
casualties should be given more than twice the ‘weight’ of an incident with five casualties in the
summation). One way of doing this is to raise the N value in each element of the sum to some
power, often called a [scale] aversion index and represented by “α”. The summation is then
known as a ‘risk integral’, RI.
Generally, the summation is rewritten as
RI = 1α f(1) + 2 α f(2) ….+ Nmax α f (Nmax)
For example, with α=2 and for our simple case.
RI = 12 × 0.04 + 52 × 0.02 + 102 × 0.01 = 0.04 + 0.5 + 1 = 1.54
If α = 1 is chosen, then the calculation is the same as the expectation value calculation (so EV
can be seen as a special case of RI).
Performing RI calculations (with an α value other than 1) gives numbers that do not have the
same meaning as expectation value (they cannot be interpreted as having any real units, so are
not the number of casualties expected per year). However, if the scale aversion is agreed upon,
then RI values are comparable between cases in the same way that EV values are comparable
(but not, of course on the same absolute scale as EV, so any “benchmark” values need to be
revised).
EV and RI are “summary statistics”, just like an average height of a class of children. The
taking of an average loses information about the individuals (but simplifies comparison of
classes). In the same way EV and RI values lose information about the detail of the FN curve
(some of which detail, it should be remembered, may be spurious anyway). So, for a given
value of EV or RI there is not a single answer to the question “what is the frequency of events
leading to more than N fatalities”, and “back calculation” of the FN curve is not possible.
A1.3

EV AS THE ‘AREA UNDER THE CURVE’

For any ‘FN curve’, the sum of N×f turns out to be the same as the sum of F. The construction
of the FN curve described above should make this equivalence apparent, because when
constructing the FN curve, at each N a step of f(N) is made in the FN curve and this step persists
from for all N down to 1. So each step or ‘layer’ in the FN curve is of size f×N.
In the simple example, we can therefore alternatively calculate EV as
EV = F(1) + F(2)…… + F(10)
or
EV = 0.07 + 0.03 + 0.03 + 0.03 + 0.03 + 0.01 + 0.01 + 0.01 + 0.01 + 0.01 = 0.24
For this reason EV is sometimes referred to as ‘the area under the curve’ (though strictly EV is
the result of a summation not an integration, and the description is less helpful when plots are
logarithmic so similar looking ‘areas’ under the curve do not make similar contributions to the
summation).
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A1.4

NOTATION AND TERMINOLOGY

A common source of confusion is the use of different notation and terminology by different
authors. It cannot be assumed that the notation used here is the same as that used in any other
work. Sometimes the same symbols are used in a very different way (such as the use of an ‘α’ to
relate f to N).
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[Blank]
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APPENDIX 2 QUICKFN: A SIMPLIFIED METHODOLOGY FOR
SOCIETAL RISK RANKING
A2.1

INTRODUCTION

Societal risk can be analysed through detailed quantitative risk assessment (QRA) but this can
be time-consuming and requires a suitable level of technical ability.
The usual way of expressing the results of a QRA is in the form of a plot of the pairs of
frequency (f) and potential consequences, typically number of fatalities (N). A cumulative
frequency (F) of events having N or more fatalities is plotted against N as a graph with log-log
axes.
Measures of integral risk are another way of representing societal risk. This gives a single
numerical value to represent the societal risk from a site. This numerical value could be directly
compared against some criterion or used as a form of relative comparison of a set of major
accident sites or different risk reduction measures at a single site. Expectation value (EV) is the
expected number of fatalities per year. The expectation value does not distinguish between the
relatively frequent accidents that could lead to a small number of potential fatalities and those
lower frequency accidents that could lead to large numbers of potential fatalities. [Hirst &
Carter (2002)] explains the use of an aversion multiplier (α) as a means of reflecting society’s
aversion to accidents that lead to large numbers of potential fatalities. The aversion multiplier α
is in the range of 1 to 3 and has been taken as 1.4 for calculations by the HSE. This leads to a
COMAH Risk Integral denoted as RICOMAH.
The FN curves and the measures of integral risk require a full QRA. [Hirst & Carter (2002)]
describes a short cut method to calculate this risk integral without the need for a full QRA. This
leads to an Approximate COMAH Risk Integral (ARICOMAH). It is calculated from the worst
case event with the highest N and associated frequency, f(N). The algorithm used differs for
non-wind dependent events and wind dependent events. Part of the basis behind the method is
the assumption that the slope of the left hand portion (lower N values) of an FN curve is
approximately –1. This approximate Risk Integral can be used for screening and ranking. It has
been noted that results are increasingly overestimated as Nmax increases [Fowler et al., (2004)].
The QuickFN methodology has been developed to reproduce the FN curve from a reduced set of
scenarios using information more easily available and less resource intensive than that required
for a full QRA. The methodology also allows the generation of the EV and RICOMAH. It allows
a greater resolution than ARICOMAH as a numerical representation of the risk. The greater
resolution leads to greater confidence in using this method over ARICOMAH to consider the
results as an absolute value and to use results to consider risk reduction options.
A2.2

METHODOLOGY

HSE commissioned work to develop an intermediate societal risk tool that could provide
improved resolution than ARICOMAH while still being less resource intensive than a full QRA
(HSE, 2004). It considered reducing the scenario set from a full QRA. The idea was to
generate the right hand portion (higher N values) of the FN curve with a representative set of
scenarios, as shown in Figure 7. The left hand portion of the FN curve is then extrapolated
using a slope of -1 on the log-log graph. The work involved taking realistic and representative
installations for hazards including liquefied chlorine and anhydrous hydrogen fluoride along
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with a population distribution that reflected a real situation. The full F-N relationships were
determined before sub sets of scenarios were selected and the FN curves compared. The
conclusion was that a reduced scenario set would be able to closely replicate the right hand
portion.

Figure 7 Generated FN Curve
The QuickFN methodology developed by HSE produces a set of f and N pairs for a specific
scenario with a specific material. There are several of these pairs for each scenario reflecting
conditional probabilities including directional effects and weather conditions. Each material has
a set of parameterised equations to calculate the exposure contour for three levels of harm,
LD01, LD10 and LD50 i.e. 1%, 10% and 50% probability of fatality. These contours along
with appropriate population data are used to calculate N. For a specified set of directions the
population inside each contour is calculated. The right hand part of the FN curve is generated
from these calculated points and the left hand part from a slope of -1. The point of change is
either taken to be 10% of Nmax or the point where a slope of -1 is a tangent to the calculated FN
curve, whichever is the greater.
A2.3

IMPLEMENTATION

The methodology is implemented as a workbook in Excel. It is presented as a series of sheets.
Sheets are provided for defining the scenarios, selecting the weather station and defining the
population grid. The information needed is input on a few sheets and the results and templates
are stored in further sheets.
The setup sheet (Figure 8) is where the set of scenarios is listed, the weather station chosen and
some parameters set that affect accuracy and speed. The scenario definition is made up of a
reference, defining it as an instantaneous or continuous release; frequency of scenario; quantity
released, or rate and duration of release depending on whether instantaneous or continuous; and
the hazardous substance.
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Figure 8 Setup sheet
QuickFN uses templates for specific scenario types e.g. instantaneous chlorine release. The
consequences of the representative events for these installation types are calculated using
parameterised equations to simplify the modelling.
Selection of scenarios for each installation type is based on the work done by [Davies and
Quinn (2004)] for Cl2, HF and LPG. The methodology has been extended to refrigerated
flammables by comparison with QRA. The scenarios are then listed on the setup sheet.
Weather data from a range of weather stations around the country is stored on another sheet and
accessed using a pull down menu on the setup sheet. The weather data used is currently for F2
(Pasquill stability F at 2 m s-1) and D5 (Pasquill stability D at 5 m s-1).
Precision is a parameter that determines the number of directions the contours will be positioned
in each wind direction. The slices parameter is used to increase the accuracy of the population
counted by subdividing each grid and using that for counting population inside each contour.
Population is stored in grids of a specified size as in Figure 9. Typically this is a 30 × 30 km
grid with a grid size of 1 km. However depending on the hazard ranges of the scenarios a
smaller or larger grid may be used. A larger grid has a significant impact on the time taken to
run. Additionally two grids overlapping may be used. An outer grid with a larger spacing and
an inner grid with a smaller spacing. For each event the numbers of persons affected in both
grids are summed. This gives greater accuracy for the calculations while reducing speed
impact. Where the inner grid overlaps the outer grid, the outer grid cells are set to zero. The
inner and outer grid sizes are defined on the setup sheet and it is indicated whether just the outer
or both inner and outer grids are used. Geographical information systems (GIS) can be used to
generate population data. Within the HSE this is typically from HSE’s National Population
Database tool [Balmforth, et al. (2005); Reston, et al. (2005)]. This supplies the necessary grid
of population surrounding a site from a given location. This grid is then inserted onto a sheet
and the grid size and the position of the site specified.
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Figure 9 Population grid
When the code is run, the workbook generates a sheet for each scenario, filling in all the
information from the setup sheet and population grid. These individual sheets are then
calculated giving a set of f(N) and N pairs for that scenario. All the set of results are then
copied to a results sheet and sorted. The cumulative F values are then calculated for each N.
The point at which the slope of –1 replaces the left hand part of the FN curve depends on the
choice of calculation. If 10% of Nmax is taken as the cut off point then this is calculated and the
closest point found. If the tangent of the slope of –1 to the FN curve is taken then this point on
the curve is determined in the code and becomes the cut off point. The F points are then
calculated from this cut off point down to N equals 1. The FN curve is then generated as shown
in Figure 7. The EV and RICOMAH values are calculated from this data.
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APPENDIX 3 THE NATIONAL POPULATION DATABASE (NPD)
A3.1

OVERVIEW OF NPD

A3.1.1

NPD populations

HSE decided it needed to improve the quality of the population data it used, so in 2004 it
commissioned the development of the National Population Database (NPD). This involved
developing a methodology and process for deriving a national database. The methodology that
was devised included developing and applying generic population multipliers that could be
attached to buildings, transport and land use areas to produce a database of population density
and distribution with complete coverage for England, Scotland and Wales.
The NPD was completed in early 2006 and is an HSE owned tool. It can be used to estimate
population distributions and densities on either a 100 m grid, or for some population types, on
an individual building basis (address-point). The tool allows differentiation between population
levels at different times of day and between those of different sensitivity to harm. It contains
data based on a range of tables from the 2001 census, a variety of Ordnance Survey digital
products, as well as other commercial datasets covering the whole of England, Scotland and
Wales.
The NPD contains the following population breakdown (Table 2).
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Table 2 Populations available from the National Population Database tool
Population type

Population detail sub-types

Residential

Daytime term-time
Daytime non-term-time
Night time

Sensitive

Hospitals
Schools (primary, secondary, boarding)
Care homes

Communal establishments

Prisons
Stadia
Recreational facilities
Campsites

Transport

Motorways (average, peak and maximum
populations)
A-roads (single, dual carriageway, average,
peak, maximum populations)

Workplace

Daytime population

Retail

Average daytime population
Maximum population

The NPD has recently been updated to NPD version 2, which includes substantial changes to
the way the workplace population is modelled and updated datasets and information for all of
the other layers, expect for retail.
A3.1.2

NPD resolution

NPD data is available on two resolutions: the address layer and the 100 m grid. The address
layer data provides very detailed population data and is suitable for the analysis of smaller areas
and where greater detail is required. The 100 m grid layers are more suited for regional scale
analysis, or for providing an overview.
The NPD in its raw form represents populations using points; this is the case for both the
address and grid layers. This eases calculation times within the GIS because it is easier to
determine whether a point is inside an area of interest than it is for a polygon (or area). Most of
the NPD and NPD2 layers (residential, schools, care homes, etc.) have straightforward address
layer and 100 m grid versions. The address layer version shows the delivery point to an
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address, so it is quite precise in most cases (less so for large buildings). However, care must be
taken when using this layer to avoid spurious accuracy.
The 100 m grid layer aggregates these address layer points to the nearest 100 m grid centroid.
This layer tends to be used when the area of interest is large and the precision required is lower.
The grid layers can easily be converted to a raster dataset, for display and analysis purposes
A3.2

NPD LAYER DETAILS

Certain NPD layers are of particular interest for the societal risk project; these are discussed in
more detail below. This information relates to the current NPD version 1 and also to the updated
NPD version 2 layers, due to be delivered at end of June 2008. This is apart from the workplace
layer where substantial changes have been made between the two versions.
A3.2.1

Residential populations

The Residential Layer of the National Population Database locates and reports populations at
their usual place of residence. Differentiation is made between daytime and night time
population and also term time and non-term time. Residential layer data is available on the
100 m grid and at the individual building or address layer resolution.
A3.2.2

Communal and sensitive populations

Populations more sensitive to harm can be estimated with the NPD. These are provided for
communal establishments such as schools, hospitals and care homes. Communal establishments
are defined as geographic entities with a single address point and a population significantly
greater than the average residential property. They can vary in composition from a single
building (such as a care home) to a large area with several buildings (for example large
hospitals). Prisons are also included in this category as they are hard to evacuate and might
therefore be of interest, although their population is not considered sensitive to harm.
Sensitive populations are reported at address layer and 100 m grid resolution, although there
may be potentially some positional uncertainty associated with the location as some communal
establishments have a large spatial extent. To alert a user to this, a flag system around the ‘core’
location point is used to mark a buffer zone into which part of the communal establishment is
likely to extend. Figure 10 below illustrates residential and sensitive population detail for an
area of Sheffield.
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Figure 10 Residential and sensitive layer data – individual address layer resolution

A3.2.3

Workplace populations

The NPD2 workplace population layer provides population estimates for people at their place of
work on either a postcode resolution layer, the 100 m grid layer or a PO box workplace layer.
Exact populations are not provided at exact locations. The Inter Departmental Business Register
is used along with the National Statistics Postcode Directory to provide the estimates within this
layer. Figure 11 below illustrates workplace population within the postcode layer, using two
different methods.
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Figure 11 Workplace layer data – postcode layer
This new workplace layer differs from other NPD layers because it does not have an address
layer version in addition to the grid version. Instead there is the postcode version. All
workplaces are grouped together by postcode and shown at the same point within that postcode.
In urban areas, the spatial accuracy will be quite good, but in rural areas the discrepancies may
be quite large. There is however, an alternative method of representing the workplace layer and
that is to use the postcode boundary polygons instead of a representative point. This gives an
indication of the extent of the area that a particular workplace may lie within. Assumptions that
the workforce is spread equally across a postcode region can be made and the work place
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population in a particular area of interest can be estimated using the proportion of the overlap
between the postcode zones and the area of interest.
A3.2.4

Transport populations

The transport layer of the NPD contains two primary data sets. These are terminal locations
(such as rail stations, airports, ports) and the road network population, available for selected
road types. To account for the large population variations possible in the road network system,
three different situations are modelled. These are average daily flow, peak flow and bumper-tobumper flow, which could occur if a carriageway were blocked. These are modelled for 3
different road types, motorways, A-road dual carriageway and A-road single carriageway.
A3.3

HOW THE NPD IS BEING USED

A3.3.1

General use

The NPD is an ESRI ArcGIS based application with a user-friendly front end to allow a range
of options for selecting and manipulating populations. An area of interest can be selected using
a grid reference or from a gazetteer. A user is also able to import a hazard footprint, or buffer
around an object to highlight a population of interest. Figure 12 shows an area of Stoke on Trent
with a plume from a fictional release of toxic material outlined in red. The NPD tool has been
used to provide a count of the populations affected by the plume, on a 100 m grid. Populations
within the plume are shown in the table in the figure.
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Population type

Count

Total Residential

702

Day time/ Term time

278

Day time/ Non-term time

361

Workplace

51

Roads – Average daily flow
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Figure 12 Sample NPD Populations on a 100 m grid within an area of Stoke on Trent

A3.3.2

Application to major hazard modelling

At present HSL is using the tool to provide population estimates for a variety of HSE work. The
tool has recently been used for providing estimates of the population around hazardous
installations for societal risk calculations and identification of at risk populations, and scenario
planning. Figure 13 shows the consultation distance from a hazardous site, which has been
imported into the NPD, in order to calculate population numbers within this zone.
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• The residential population at address layer resolution has been used to provide detailed
population data within the CD. The night time occupancy figure for every house within the
CD has been used to give a worst-case scenario.
• The sensitive population layer within the NPD has also been used to give a further
breakdown of the type of populations within the CD. The schools data provides the number
and maximum population of each of the schools within the CD; there are no hospitals within
this CD.
Retail population is also available from the NPD and is shown in this example. This layer
identifies areas classed as retail, such as town centres, retail cores, small town centres etc. The
layer is available on the 100 m grid resolution and only populates areas classed as larger retail
areas. These are expected to draw visitors in from a wide area, rather than the immediate local
vicinity; this is an attempt to avoid double counting local populations. This can be used to
provide an estimation of non-local populations that may be present outside rather than indoors,
which may be of concern for emergency planning and evacuation considerations.

Crown copyright, all rights reserved, HSE 100021025 (2008)

Figure 13 Case study illustrating the structure of the population within the consultation
distance of a fictional major hazard site
In general the NPD tool is ideal for providing population estimates within a hazard footprint, a
designated area or radius, or over a much larger area of interest. This makes it extremely well
suited to a wide range of uses.
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A3.4

ADAPTING NPD DATA FOR USE IN QUICKFN

A3.4.1

Data conversion

Most of the layers in the NPD can identify individual buildings containing a population. This
locational information comes from an Ordnance Survey dataset called ‘AddressLayer’
(previously ‘AddressPoint’). However, in order that QuickFN can make societal risk
calculations, the data need to be in the form of a grid. To convert point data into this format is
fairly simple:
• the relevant NPD layers are displayed within the GIS software;
• a grid is drawn over the area of interest;
• a ‘point in polygon’ query is run. This query finds which points are in each grid square in
turn;
• the populations of the points in each grid square are then summed.
However, not all layers within the NPD can identify the individual buildings containing
populations. This is the case with the workplace layer, which identifies individual workplaces
and their populations, but locates them by postcode. Postcodes can still be represented by a
point, but a single point will not be representative of a workplace location in the majority of
cases. The Ordnance Survey provide HSL with another product called ‘CodePoint with
Polygons’, which contains the boundaries of every postcode in Britain. The workplace data can
be attached to these polygons, but an alternative method is required for converting such data
into the grid format used by QuickFN:
• the workplace layer is displayed in GIS software using polygon boundaries;
• a grid is drawn over the area of interest;
• a ‘proportion sum’ query is run. This query finds which postcode regions overlap which grid
square, and by how much. These proportions are then used to assign a proportion of the
populations within those postcodes to the grid squares. An assumption is made that the
workforce is distributed evenly across each postcode region.
A3.5

NPD DATA APPLICATION TO THE SOCIETAL RISK PROJECT

The societal risk project is setting out to illustrate and demonstrate a number of features to the
special advisory group to help inform their decision making. These include the following
possibilities:
• including workplace/industrial populations;
• including day time residential populations and sensitive populations;
• including new development areas.
Figure 14 shows a number of these populations around a fictional hazardous installation to
illustrate how these might be used for the special advisory group.
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Figure 14 Populations around a fictional hazardous installation. Populations include
residential, workplaces and sensitives plus also an area of proposed new housing

A3.5.1

Including workplace/industrial populations

Currently only night time residential population is included in societal risk calculations. The
NPD is able to provide a much fuller breakdown of the population however, including
workplace populations in varying detail, which could also be included. Workplace data is
available on a number of different resolutions (COA from NPD1, 100 m grid and postcode area
from NPD2). Which resolution is appropriate needs to be considered, although it is suggested
that the postcode layer population would probably be the best option in most cases, to reduce
rounding and edge effects. However this does depend on the size of the area being considered
and should be re-examined when specific test areas are decided on.
It is also important to note that the NPD will only ever provide an estimate of the population
and that workplaces and their populations are particularly subject to rapid change, so there is the
possibility of location and the population going out of date fairly quickly. There are also other
issues, associated specifically with workplace populations, which should be considered. This
includes:
• whether a population reported for a certain workplace is present at the same time or whether
there is an element of shift work;
• whether the population is all based in a particular building or whether there are alternative
sites or an element of the population in the transport system;
• populations being reported at a head office, when they are based at a number of locations;
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• how to locate PO box populations.
Despite these complications the NPD does now provide HSE with a fully documented and
tested methodology for estimating workplace population, which was not previously possible.
Varying levels of detail are possible depending on what a user requires and what is most
appropriate to the situation (e.g. small or large scale event, worst case scenario, combining with
other NPD layers etc.).
A3.5.2

Including day time residential and sensitive populations

Including daytime populations and sensitive populations in societal risk calculations is also
being considered. The NPD can provide a detailed breakdown of these population types,
although again there are some issues that need to be considered:
• for day time residential (compared to night time) population, extra care needs to be taken to
avoid possible double counting when combining this layer with other NPD layers, such as the
workplace and the transport layer. This is dependent on the size and type of the area of
interest and on whether a worst case is being taken.
• the day time residential layer will also fundamentally be less accurate than the night time one
as there is more scope for missing the location of parts of the population
• how should HSE treat the sensitive populations, should different harm criteria be used? The
sensitive layer is one of the most accurate, as location is determined to address layer level,
the flag system is used to overcome the issues associated with large spatial extent and the
population data is obtained from government data that is updated regularly. However the
inclusion of these populations raises the question of whether different harm criteria should be
used to account for them?
• the currency of the residential layers, as they have been created with tables from the 2001
census. Data currency is largely linked to the locations of new populations and the new
NPD2 has been created with up to date OS ‘AddressLayer’ data. This should contain an up to
date record of residential buildings, including new buildings and change of use. The
population multipliers that are then applied to these are much less likely to change between
the census, than building location. The NPD will only ever be able to provide an estimate of
population however, so in some cases (e.g. areas of large migration) local knowledge will be
able to supplement the information
A3.5.3

Characterising new developments

It is possible that the method used for converting the workplace population to a grid format may
also be of use in estimating the effects of new developments on societal risk. If it is possible to
estimate the additional population and also the land involved, the populations can be attached to
a polygon drawn onto the map within the GIS software and a proportion sum calculation used to
distribute the population between grid squares. This is also shown on Figure 14.
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6

GLOSSARY

AddressLayer/
AddressPoint

An Ordnance Survey data set listing all addressed locations in the UK

Address point

An addressed point usually originating from either AddressPoint or
CodePoint

ALARP region

A concept within a framework for deciding whether further onsite
control measures are required, which describes the tolerability of risk
(ranging from risks which are sufficiently low to be broadly
acceptable, to risks that are so high that they are intolerable). In the
intermediate ‘ALARP’ region, risks are tolerable only if they have
been reduced As Low As Reasonably Practicable.

ArcGIS

The GIS software suit produced by ESRI. This consists of a number of
packages all contained within ArcGIS. The project primarily makes
use of ArcView 8 which can also be called ArcEditor and ArcInfo
depending on the software license installed.

Area of interest

Selection area, an area selected by a user in a GIS to identify features
relating to a particular area
An aversion multiplier (a) can be used to reflect society’s aversion to
accidents that lead to large numbers of potential fatalities.

Aversion

A scale averse person would prefer 100 single deaths in a ten year
period to a single event with 100 deaths in the same period. Scale
aversion leads to the tendency to want greater than proportionate
protection where consequences are high (so, for example, preferring a
large ‘scale aversion index’)
Bucket of risk
[approach]

An approach to risk management where the outcome is simply related
to a threshold value: the outcome of any risk assessment is then either
that the risk is below the threshold, i.e. ‘there is not too much risk’ (the
‘bucket’ is not yet full), or else the risk is above the threshold, so
‘there is too much risk’ (the ‘bucket’ is now full)

Case societal risk

Societal risk where the scope is a defined set of people who might be
harmed as a result of hazardous activities

CBA

Cost Benefit Analysis

CodePoint

An OS data set listing all postcode units in the UK

COMAH

Control of Major Accident Hazards 1999 − safety related legislation
regulating onshore hazardous installations.
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Consents
Legislation

This legislation requires that Operators gain permission before storing
or handling certain substances (e.g. chlorine). Relevant substances are
defined in the regulations. The Operator must apply for Consent (or
permission) for a specified quantity of the required substance. The
Hazardous Substance Authority (usually a Planning Authority) has
powers to grant Consents, but will take advice from HSE before
reaching a decision.

Consultation
Distance (CD)/
Consultation Zone

Area of land around a major hazard site or pipeline within which LPAs
must consult HSE on proposed developments. The CD is determined
by risk or hazard assessment.

Dangerous Dose
(DD)

This is the dose of toxic gas, or heat, or explosion overpressure which
gives all the following effects:
• severe distress to almost everyone;
• a substantial fraction require medical treatment;
• some people are seriously injured, requiring prolonged treatment;
• any highly susceptible people might be killed.

Dangerous
substance

A specific term defined in the CIMAH/ COMAH Regulations
referring to listed substances and other meeting given criteria

Dispersion

The process of dilution of a hazardous substance by the surrounding
fluid

Edge effect

Artificial results produced sometimes when selecting an area

ESRI

Environmental Systems Research Institute, the software company that
produces and markets ArcGIS software

EU

European Union

Fatal accident rate
(FAR)

The number of deaths that have occurred or are predicted to occur in a
defined group, in a given environment, during 108 hours of total
exposure

Flag

An error buffer used to account for positional uncertainty. Flags are
generated according to a one-point rule or a two-point rule. The one
point rule specifies all points (including diagonals) surrounding a core
area are designated as flags. For a two-point rule the logic is the same,
the width of the flag is increased by two points.

FN curve

A plot showing, for a set of specified hazards, the frequency of all
events causing a stated degree of harm to N or more people, against N.

Frequency

The number of occurrences per unit of time

Gas cloud

The mass of gas-air mixture within a particular envelope of
concentration limit
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Generic

Not case specific; for example, a generic substance is one which has
the properties which define that (generic) category; and a generic
consultation zone is one which is given for that particular hazard,
without carrying out a case specific assessment.

Geographical
Individual Risk

The individual risk to a hypothetical person at a specific location

Grid

In the context of GIS dataset, a grid refers to a regular matrix of points
spaced at 100 m. Grid is also the name for an ESRI raster file format.
In the context of QuickFN, a grid can be set to different sizes, 100 m,
1000 m, etc.

Grid point

A point that makes up part of the grid

Gross
disproportionality

Of particular importance to the use of CBA in relation to ‘reasonable
practicability’ is the interpretation of the courts in the case of Edwards
vs. the National Coal Board, which established the notion of ‘gross
disproportionality’. From that judgement it is now taken that if a CBA
shows the costs and benefits of a safety improvement to be roughly in
balance then the improvement must be made; and that only if the costs
are higher than, and grossly disproportionate to, the benefits is the
improvement not justified. A CBA needs to recognise the notion of
gross disproportionality, and to make clear the basis on which an
allowance has been made. A higher allowance would be expected the
closer the level of risk is to the maximum tolerable. The cost (in terms
of money, time or trouble) of a control measure to the dutyholder must
be grossly disproportionate to the risk reduction achieved, for the
measure not to be implemented.

Group risk

The likelihood of a specified harm occurring within a defined group

Hazard

A physical situation with a potential for human injury, damage to
property, damage to the environment or some combination of these. It
is usually necessary to specify ‘hazard of what and to whom’. The size
of the potential incident may be quantified, e.g. maximum foreseeable
number of serious casualties. The crucial point to note here is that
hazard is anything that has a potential to cause harm. The likelihood
of that potential being realised should not be read into any statement
which deals only with hazard.

Hazard-Based
(consequenceoriented)
Assessment

An assessment used to inform land use planning decisions based on
the consequences from one or more foreseeable accidents.

Hazardous
substance

A substance which, by virtue of its chemical properties constitutes a
hazard

Hazard range

The relationship between distance from the source of hazard and
detriment
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Household

A household comprises one person living alone, or a group of people
(not necessarily related) living at the same address with common
housekeeping – that is, sharing either a living room or sitting room or
at least one meal a day. As defined by the Census 2001.

HSE

Health & Safety Executive

HSW

The Health & Safety at Work etc Act 1974

Individual risk

The likelihood that a particular person in some fixed relation to a
hazard (e.g. at a particular location, level of vulnerability, protection
and escape) might sustain a specified level of harm.
The frequency at which an individual may be expected to sustain a
given level of harm from the realisation of specified hazards. For
example, there may be an individual risk of 1 in a million that a
particular person would be killed by an explosion at a major hazard
near their home for every year that the person lives at that address.
Note that this refers to a particular person or a typical member of a
particular group e.g., ‘Mr Brown of Sycamore Villa’ or ‘an inhabitant
of the Woodlands Estate’. There is also often a wider use of the term
when the risk from a hazard is averaged over the whole population
e.g., ‘5000 road deaths per year implies an individual risk of 1 in 10
000 per year’. This is a crude average and it conceals very wide
variations between types of people (children, elderly, taxi-drivers,
cyclists etc.). These variations should be borne in mind when
comparing risks derived by QRA with statistics of the risks from
everyday life. Note that the level of individual risk is the same,
whether there is actually just one person at risk or many people at the
same risk.

Individual Risk
Criteria

Criteria relating to the likelihood with which an individual may be
expected to sustain a given level of harm from the realisation of
specified hazards

Inner Zone (of a
Consultation
Distance)

One of three sub-divisions of the consultation zone, lying closest to the
source of major accident hazard and whose outer boundary represents
a defined level of individual risk or consequence.

Layer

A collection of similar geographic features – such as households,
hospitals, stadia.

Local societal risk

Societal risk where the scope is one or more nearby hazardous
activities and the harm that they may cause

LPAs

(Local Planning Authorities in England and Wales, Planning
Authorities in Scotland) – normally local councils: district,
metropolitan, unitary and city. Can be County Councils and national
parks.

LUP

Land use planning − term used to describe all aspects of the
consultations on proposed developments or land use.
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Major hazard

An imprecise term for a large-scale chemical hazard, especially one
that may be realised through an acute event. Or, a popular term for an
installation that has on its premises a quantity of a dangerous
substance that exceeds the amount prescribed by relevant legislation
(NIHHS and CIMAH Regulations). This term is also used more
broadly to mean any hazard with the potential to produce a large-scale
incident or disaster. Note that a major hazard may actually have a very
low likelihood of realisation, so it is not necessarily a pressing cause
for concern. It is of course necessary to ensure that the likelihood is
kept low, and HSE usually assumes that the bigger the potential, the
more stringent are ‘reasonably practicable’ controls.

Middle Zone (of a
Consultation
Distance)

The central of three sub-divisions of the consultation zone adjacent to
the inner zone, and whose outer boundary represents a defined level of
individual risk or consequence.

Named hazardous
substance

A substance named in Schedule 1 to the Planning (Control of MajorAccident Hazards) Regulations 1999

National societal
risk

Societal risk where the scope is a complete sector of hazardous activity
and the harm it might cause across the whole nation

OS

Ordnance Survey

Outer Zone (of a
Consultation
Distance)

The outermost sub-division of the consultation zone, and whose outer
boundary represents a defined level of individual risk or consequence.
The outer zone boundary defines the extent of the consultation zone.

Output area (OA)

Smallest spatial unit in the census with an approximate size of 125
households.

PADHI

(Planning Advice for Developments near Hazardous Installations) –
HSE/HID developed methodology and software which enables HID
admin staff to deal with Land Use Planning casework. A decision
matrix has been produced based on the codification of over 20 years of
casework.

Pasquill stability

Classification scheme that describes the degree of atmospheric
turbulence. Categories range from extremely unstable (A) to extremely
stable (F). Unstable conditions promote the rapid dispersion of
atmospheric contaminants and result in lower air concentrations
compared with stable conditions.

Perceived risk

The risk thought by an individual or group to be present in a given
situation
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Permissioning

The term ‘permissioning regime’ describes those regimes under which
the start or continuation of particular work activities are conditional
upon a consent, license, letter of conclusion or acceptance of a safety
case or safety report by the health and safety regulator. Permissioning
is not an exact term, in that not all regimes require explicit consent
from the health and safety regulator. Nevertheless in all cases it is not
possible for them to operate without documenting the hazards, risks
and control measures to the satisfaction of the health and safety
regulator.

Plume

The gas cloud resulting from a continuous release

Protection Concept

Provision of a very high degree of protection against the more likely
smaller events, whilst also giving worthwhile (sometimes almost total)
protection against unlikely but foreseeable larger-scale events

Puff

The gas cloud resulting from an instantaneous release

QRA

Quantitative Risk Assessment

Release

The discharge of energy or of a hazardous substance from its
containment system (i.e. process/ storage equipment in which a
hazardous substance is kept)

Residual risk

That risk of a major accident which is unavoidable and remains even
after all legally required precautions have been taken.

Risk

The likelihood that a hazard will actually cause harm.
The likelihood of a specified undesired event occurring within a
specified period or in specified circumstances. It may be either a
frequency (the number of specified events occurring in unit time) or a
probability (the probability of a specified event following a prior
event), depending on the circumstances. This is essentially the same as
the RSSG definition. It is a rather narrow definition, as a deliberate
choice to avoid the confusion when attempts are made to use ‘risk’ to
mean the overall combination of likelihood and consequences.

Risk of Significant
Likelihood of Death
(SLOD)

The risk of receiving a dose expected to lead to approximately 50%
fatality or more
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Risk assessment

RSSG and IChemE both use the term ‘risk assessment’ to mean a
process which includes the calculation (or estimation) of the level of
risk, and the value (or political) judgements of its significance. RSSG
suggests the terms ‘risk-estimation’ and ‘risk-evaluation’ for the two
parts of the process respectively. ‘Risk- management’ was suggested
for the making and implementing of decisions for subsequent actions
such as measures to reduce the risk. IChemE proposes that the term
‘risk assessment’ be used only where there has been a quantitative
estimation of the likelihoods of events. Then it is redundant to add
‘probabilistic’ or ‘quantitative’. One of these redundant words may be
used to make it clear that the estimation was quantitative. This would
also help to avoid confusion with other usages of ‘risk assessment’.
While either word has often been used, synonymously, ‘quantitative’
is used here: hence ‘quantitative risk assessment’ or QRA. Another
synonym is ‘probabilistic safety assessment’, PSA.

Risk-Based (riskoriented)
Assessment

An assessment used to inform land use planning decisions based on
the frequency with which a specified detriment is anticipated.

Sensitive population

Sensitive populations are those judged by the HSE to be particularly
vulnerable in the event of an accident event. Sensitivity levels are
defined by the HSE that combine factors relating to age, ill health and
numbers of people.

SFAIRP

So Far as is Reasonably Practicable

Lethal Dose LD50
leading to
Significant
Likelihood of Death
(SLOD)/

The quantity of material administered orally or by skin absorption
which results in the death of 50% of the test group within a 14-day
observation period

Societal risk

The relationship between frequency and the number of people
suffering from a specified level of harm in a given population from the
realisation of specified hazards.

Societal concerns

Concerns engendered by those hazards which impact on society at
large and harm the social fabric through the socio-political response to
their risk being realised, leading to a loss of trust in the regulatory
system, the regulator, industry, etc.

Societal risk

The relationship between frequency and the number of people
sustaining a specified level of harm in a given population due to the
realisation of specified hazards. This factor can help to reflect societal
concerns that arise (e.g. when multiple fatalities or injuries occur) in
planning advice.

Societal risk
Criteria

Criteria relating to the likelihood of a number of people suffering a
specified level of harm in a given population from the realisation of
specified hazards
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Source Term

The quantitative description of a release required as input to a
consequence model, i.e. quantity/ rate, concentration, temperature,
density

TAG

Technical Advisory Group

TOR

Tolerability of Risk

Total risk of death
(TROD)

The provisional title for a measure of risk which combines risk of DD,
risk of SLOD and risk of an intermediate (>10% fatalities) in
proportions so that the result approximates to the risk of death

Toxicity

Any relative power or a toxic material to cause harm

Unit postcode

An abbreviated form of address made up of combinations of between
five and seven alphanumeric characters. A postcode may cover
between 1 and 100 addresses. The average number of addresses per
postcode is 15.

Vertical postcode

Vertical postcodes are taken from the OS CodePoint with Polygons.
Where two or more postcodes are associated with a single building
seed, a single distinctive square polygon will represent all the
postcodes attached to the seed.

Weather category

A measure related to that component of the turbulence of the
atmosphere which is aided by the departure of the ground profile from
perfect smoothness

Wind speed

The mean speed of the air past a stationary point at a specified height,
e.g. 10 m
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Societal Risk: Initial briefing to Societal
Risk Technical Advisory Group
The Societal Risk Technical Advisory Group is made up
of a small number of academic, industry and government
specialists who have been asked to advise HSE and
departments on matters identified by respondents to the
consultation exercise CD212 (Proposals for revised policies
to address societal risk around onshore non-nuclear major
hazard installations’) on the estimation of societal risk from
on-shore, non-nuclear, major hazard installations.
This report captures some of the technical matters relating
to societal risk methodology and presents the technical
issues which need to be resolved prior to the development
and implementation of any system for explicit attention
to societal risk in the application of the Control of Major
Accident Hazards Regulations (COMAH) and land-use
planning (LUP).
Status:
This report was produced as part of a briefing pack of
written and oral information designed to ensure a common
baseline of understanding for members of the Societal
Risk Technical Advisory Group. The report is not a
comprehensive statement of HSE operational policy or
technical positions, to do so would have resulted in a much
longer document and was not necessary for the work of
the Technical Advisory Group.
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