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Intended audience

Overview . : .

This lecture is prepared for:

e Objective

o Delimitations 0 Master students that are in their fourth
Introduction year of education

Metrics

Principles O With a basic course in risk analysis
Comparison

Conclusions O Other with an interest in risk analysis
References
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Objective of this lecture

Overview

e Audience

o Delimitations

The objective of this lecture is to:

0 Give an introduction to risk acceptance criteria:

Introduction

Metrics .

o 0 Basic concepts
Principles
Comparison [] Types Of Criteria

Conclusions

O Principles for criteria setting

References
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Objective of this lecture

Overview

e Audience

o Delimitations

The objective of this lecture is to:

0 Give an introduction to risk acceptance criteria:

Introduction

Metrics .

o 0 Basic concepts
Principles
Comparison [] Types Of Criteria

Conclusions

O Principles for criteria setting

References

0 Evaluate and compare different practises, using the
Netherlands and the UK as basis.
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Delimitations (1)

Overview . .

e Audicnce [0 Landbased process industry includes a
o Objective broad spectrum of industries involving:
Introduction [0 Extraction of raw material

Metrics [0 Their transportation and transforma-
Principles tion into other products

Comparison

by means of physical, mechanical and/or
chemical processes using different tech-
nologies [Wikipedia].

Conclusions

References
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Overview . .

e Audicnce [0 Landbased process industry includes a
o Objective broad spectrum of industries involving:
Introduction [0 Extraction of raw material

Metrics [0 Their transportation and transforma-
Principles tion into other products

Comparison

by means of physical, mechanical and/or
chemical processes using different tech-
nologies [Wikipedia].

Conclusions

References

0 This lecture focuses on landbased process
industry covered by the Seveso Il directive
(in Europe).

00 i.e. Landbased process facilities that store
or handle certain amounts of dangerous
substances
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Delimitations (Il)

Overview . | |
- At 0 Risk acceptance can be viewed from many perspectives and
e Objective

levels

Introduction

0 In this lecture, the focus is on criteria that are:

Metrics

Principles

0 Frequently used in (quantitative) risk assessments

Comparison

0 Related to personnel risk

Conclusions

References
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What is risk?

Overview Risk can be defined by asking the following questions:

Introduction

0 What can go wrong?

o Acceptance

e Criteria [0 How likely is that to happen?

Metrics

00 If it does happen, what are the consequences?

Principles

Comparison

From the Seveso accident:

Conclusions

References

Source: Kaplan (91)
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% What is meant by risk acceptance?

[0 Risk acceptance may be defined as:

Overview

Ienefey [0 “..the willingness to live with
0 ([l a risk so as to secure certain
o Criteria benefits and in the confidence
Metrics that it is properly controlled
o [TOR].

rinciples

Comparison

Conclusions

References
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What is meant by risk acceptance?

[0 Risk acceptance may be defined as:

Overview

Introduction [0 “..the willingness to live with

0 ([l a risk so as to secure certain

o Criteria benefits and in the confidence

Metrics that it is properly controlled
o [TOR].

Principles

Comparison

[0 So, our willingness to accept risk
may depend on:

Conclusions

References

[0 The benefits from taking a

r I S k htp:/www.kaushiknet

[0 The control we have over the
risk

0 The type of consequences
arising from the risks

Source: R2P2, TOR, Fischhoff (89)
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Is tolerable the same as acceptable?

Overview Acceptable and tolerable are not exactly the same:

Introduction

o Risk [0 Tolerability: Used to express “what we can live with” or adapt to

e Acceptance

e Criteria 0 Acceptability: Used to express conformity to requirements, stated

Metrics usage, etc

Principles

Comparison A

Conclusions

References

Risk

Unacceptable

Acceptable
with conditions

Acceptable

Further reading: Melchers (01), R2P2
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Risk acceptance to whom?

ORI For a landbased industry, we must consider criteria for:
Introduction
o Risk [J Workers (1st person)
[] Personnel that temporary visit the facility (2nd person)
e Criteria
Metrics [] People in the vicinity (3rd person)
Principles [J Unborn life/future generations (4th person)
C i . . .
S L] Environment (soil, air, water)
Conclusions
[J Material and financial assets
References
[1 National heritage

"
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What are risk acceptance criteria?

Overview

Introduction
e Risk

o Acceptance

Metrics

Principles

Comparison

Conclusions

References

Risk acceptance criteria may be defined as:

0 Criteria used as basis for decisions about acceptable risk [NS
5814], or

0 The terms of reference by which the significance of risk is
assessed.

Risk criteria can include associated costs and benefits, legal and
statutory requirements, socio-economic and environmental
aspects, the concerns of the stakeholders, priorities and other
inputs to the assessment [ISO/IEC-Guideline 73].
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Risk acceptance criteria in a decision process

Overview

(Controls: Policy, regulations, guidelines)

Introduction
e Risk

o Acceptance

Outputs:

Metrics

\
Function: Compare
— Acceptable
Principles Risk acceptance ( g )
. _ ) criteria
Comparison Inputs: Risk metrics, | —— Acceptabl
Conclusions assessment results —_— i

w/ conditions

References
(Risk from plant] -

- J

Y

Y

( Mechanisms: Personnel resources, tools)
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Overview

Introduction
e Risk

o Acceptance

Metrics

Principles

Comparison

Conclusions

References

Risk acceptance criteria in land use planning

Risk acceptance criteria are of vital importance for land use planning,
to:

[0 Make decisions regarding the location of new process facilities

[0 Management of existing process facilities with other land use

After the Toulouse accident in 2001

= _

"

L~

http://news.bbc.co.uk/2/hi/europe/

Mary Ann Lundteigen, February 6th, 2009 Trial lecture, NTNU — 14 / 43


http://www.ntnu.no/~lundteig

Overview

Introduction

Metrics

e Classification

e Metrics
e Who sets?

Principles

Comparison

Conclusions

References

Metrics used to quantify risk
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Classifications of metrics

We often distinguish between two different metrics:

Overview

Introduction 0 Individual risk (IR)

etrics [ Activity based individual risk : The (average) risk of death (or injury)
y ba risk : The (averag jury
o Metrics of an individual due to his/her activities

® Who sets? [J Localized individual risk: The risk of of death (or injury) of an
Principles individual at a particular location

Comparison

[0 Societal (or group) risk (SR): The risk of multiple fatalities due to

Conclusions .
the occurrence of a single event

References

g *
" ‘///i
.~ s
L
q o 1)

Source: HIPAP, R2P2
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Individual risk metrics

[1 Activity based individual risk:

Overview Individual risk per annum (IRPA): The probability that a specific individual
Introduction will suffer a fatal accident during a year

Metrics ] o ]

~ (@l Fem e [1 Localized individual risk:

Wi . Many notations, here we use localized individual risk per annum (LIRA):
° O sets!

Principles The probability that an individual will suffer a fatal accident at a particular
location

Comparison

Conclusions [1 The localized individual risk is often plotted as risk contours on a map.

References

Buncefisld Termnal
Hemal Hempstead, Hars
(including |ertfordshite Ol Storage Lid
BF (il UK L1d & British Pipoling Aganey)

HSE HID €15 Refs HIAT2 H1427 & H3887 |
Grid Rel TL 087 084

IS Conwersion - March 2007
Thus masp supersedes all
previous o undated mags

€D = Consullabon Distarce
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Societal risk metrics

[J Fatal accident rate (FAR):

Overview The expected number of fatalities per 100 million (“1000 work-lives”)
Introduction exposed hours

Metrics . .

o Classification L] Potential loss of life (PLL):

The expected number of fatalities within a population or within an area

2? . . -
* Who sets during a specified period of time (e.g., a year)

Principles

Comparison LI F-N (Or f-N) -curve:

Conclusions F-N: A plot showing the frequency of having N or more fatalities

References (alternatively, f-N: the frequency of having exactly N number of fatalities).

F (N): Number of accidents per year with
N or more fatalities

l

Frequency F (N)

>
=

1000 N or more

1 10 100
fatalities

Mary Ann Lundteigen, February 6th, 2009 Trial lecture, NTNU — 18 / 43


http://www.ntnu.no/~lundteig

Who sets the criteria?

Some national practises are:

Overview
Introduction [0 The Netherlands:
EA:::;ﬁcation 0 Set by authorities (VROM), so-called legal binding
0 Guidance in “Purple book” [CPR]
Principles

_ 0 The UK:
Comparison
Conclusions 00 HSE refers to HSE (89), R2P2, TOR, and PADHI (HSE 08)
References

[0 In Norway:

0 The applicant/plant owner sets the criteria

0 Australia:

0 Authorities refer to the HIPAP guideline [HIPAP]

VROM: Ministry of Housing, Spatial Planning and the Environment, HIPAP: Hazardous Industry
Planning Advisory Paper, HSE: Health and Safety Executive
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Overview

Introduction

Metrics

Principles
e Overall
e ALARP
e ALARA

e Precautionary

Comparison

Conclusions

References

Principles for setting risk acceptance

criteria
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2

Overview

Introduction

Metrics

Principles

e Overall

e ALARP
e ALARA

e Precautionary

Comparison

Conclusions

References

Classification of risk acceptance criteria

We may distinguish between risk criteria that are:

0 Equity-based: All individuals have unconditional (and equal)
rights to certain level of protection.

0 Utility-based: Benefits of introducing a risk reducing measure is
compared with the costs.

[0 Technology-based: Using'state of the art’ control measures to
control risk gives satisfactory level of risk reduction.

Source: HIPAP, R2P2
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As low as reasonably practicable (ALARP)

Overview

0 Formalized by HSE in the TOR report [TOR] (and Cullen report)

Introduction

Metrics 0 Uses three risk zones:

Principles Risk

e Overall

e ALARP Unacceptable Unacceptable whatever
e ALARA region benefits of the activity

e Precautionary

Comparison

Conclusions

People are prepared to
Ref Tolerable tolerate the risk under
SIerences (ALARP) region certain conditions
Broadly The risk is insignificant and

accepted region adequately controlled.

Source: R2P2, TOR
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As low as reasonably practicable (ALARP)

Overview

But when is it reasonably practicable?

Introduction

Metrics [0 HSE provides much guidance
Principles . . ]

e Overall [0 Cost benefit analysis is one im-
portant tool

e ALARA

e Precautionary

Comparison

Conclusions

References
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As low as reasonably practicable (ALARP)

Overview

But when is it reasonably practicable?

Introduction

Metrics [0 HSE provides much guidance
Principles . . . .

o Overall 0 Cost benefit analysis is one im-
portant tool

e ALARA

e Precautionary [0 Certain disproportion is expected:

Comparison

Cost of measure

Conclusions Lk —

References Beneﬁt Of red Uced risk

k is the disproportional factor

Source: R2P2, HSE (2008b), HSE (2008c)
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As low as reasonably achievable (ALARA)

Overview

Introduction 0 ALARA is a similar approach to unacceptable region
Metrics ALARP

Principles 0 It does not define any broadly ac-

e Overall )

I ceptable level, because all risks erabie aLarm) region
should be reduced if reasonably

e Precautionary

Cormrerlenn [0 Used mainly by the Netherlands

Conclusions O It was introduced by the Interna-

References

tional Commission on Radiological
Protection (HSE homepage)
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Precautionary principle

Overview

0 Originally formulated in the context of (global) environmental

Introduction

protection:
Metrics ) ) ) )
_— ...where there are threats of serious or irreversible environmental
o Overall damage, lack of full scientific certainty shall not be used as a
. 2::222 reason for postponing cost effective measures to prevent
[} .
degradation. [UNCED,R2P2]
Comparison 0 EU also suggests this principle for environmental laws and have
Conclusions developed a guideline
References

[0 So far, the Seveso Il directive does not mention the principle.

[0 But national authorities, like HSE, may give recommendations for
when it should be ‘evoked’

Source: EU (00), Klinke (06), Morris (00)
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Overview

Introduction

Metrics

Principles

Comparison

e Regulations
e Authority
e Criteria-UK

o Criteria-NL Comparison and evaluation of practises

Conclusions

References
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Overview

Introduction

Metrics

Principles

Comparison

e Regulations
e Authority

e Criteria-UK
e Criteria-NL

Conclusions

References

Regulations in the UK and the Netherlands

The SEVESO Il directive is implemented through:

Notification of Installation Handling Hazardous Substances
Regulations (NIHHS)

Control of Major Accidents Hazard Regulation (COMAH)
1999, amendment in 2005

*Land use planning:
* Planning (Hazardous Substances) Act 1992
* Planning (Hazardous Substances) Regulations
1992, as amended by The Planning (Control of
Major-Accident Hazards) Regulations 1999

In addition, the Safety at Work Act applies

Source: Basta et al (07)

Mary Ann Lundteigen, February 6th, 2009

The Netherlands

The SEVESO Il directive is implemented through:

*Dutch Major Hazards Decree (BRZO) which focuses on
the management of hazardous installations.

*Dutch Public Safety Decree (BEVI) which focuses on the
regulation of land-uses around hazardous installations.
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Authorities in the UK and the Netherlands

Overview
Metrics
o . Authorities are split into three levels:
Principles Authorities are:
. . . » The ministry of Housing, Spatial Planning and the
Comparison Health and Safety Executive (HSE) (overall) Environment (VROM) — for facilities of national interest

® Regulations For land use planning:

* Local Planning Agencies have the authorities * Provincial level (top-tier plants)
e Criteria-UK ;nI;ItSrilishave an advisory role: provides guidelines, risk « Municipal level (low-tier plants)
e Criteria-NL
All three levels have to act according to the Dutch Spatial
Conclusions Planning Act
References

Source: Basta et al (07)
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Risk criteria: UK

Overview In the UK, we may distinguish between

Introduction

00 I: Criteria for risk imposed by plant

Metrics

Principles 0 II: Criteria for land use planning (LUP)

Comparison

e Regulations
e Authority

e Criteria-NL Source: TOR, Trbojevic (05), R2P2, EU (08b)

Conclusions

References
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Overview

Introduction

Metrics

Principles

Comparison

e Regulations
e Authority

e Criteria-NL

Conclusions

References

Mary Ann Lundteigen,

Risk criteria: UK - CASE |

Case | - criteria for risk imposed by plant:

Activity based individual risk

(Fatality, worker) 1073

(Fatality, Public) 10

F (N or more)

210
(Fatality, worker) 1075

(Fatality, Public) 106

Societal risk

\/

February 6th, 2009

N

(logarithmic scale, both axes)
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Risk criteria: UK - CASE II

Overview Case Il - criteria for use with land use planning:

Introduction

0 Focuses on individual risk (not societal)

Metrics
Fillelelis [0 The UK uses two approaches, depending on type of harm:
Comparison .
e Regulations [0 Consequence based approach: Explosion overpressure
* Authority and heat radiation.
o Criteria-NL
Conclusions I Consequence 3 Consequence2 Consequence 1
I , 1
References Outer N:(()i:ele Izr;nneer

zone

0 Risk based approach: Toxic releases. Calculates LIRA (for
dangerous dose)

-5
>3107 >10° >10 ﬂﬂ%
1 | \EEE

1 .
Outer Middle Inner
zone zone zone

Source: Buncefield, HSE (08e), EU (08b)
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Risk criteria: UK - CASE II

Overview

[0 HSE uses the consequence based and the risk based approach to
construct a (resulting) zone map

Introduction

Metrics

St s [0 Local authorities should advice HSE for developments inside the
Comparison consultancy distance (CD)

e Regulations
e Authority

e Criteria-NL

Conclusions

References

Consultancy distance

Source: Buncefield, HSE (08e), EU (08b)
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Risk criteria: UK - CASE 2

Overview Decisions regarding land use follow these criteria:

Introduction

Metrics Ez-m
4

Principles .

Comparison

e Regulations
e Authority

e Criteria-NL

3]

Conclusions

References

Source: Buncefield, HSE (08e)
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Example (UK)

Overview

Introduction

Metrics
Principles LM rmemr Sdicabon
e e
Comparison T
. Fts
e Regulations TN ——————
]
e Authority Farr
e Criteria-UK -
e Criteria-NL

Conclusions

References

2 k] ] I H Kiormesies

Source: Cozzani et al (06)
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Risk criteria: The Netherlands

Overview

[ Set both criteria for societal and (localized) individual risk

Introduction

Metrics [0 Regarding individual risk:

Principles

Com parison Vulnerable
object

e Regulations

° AUthority Q Less vulnerable
e Criteria-UK object
o Criteria-NL

Conclusions

References

Source: Buncefield, EU (08b)
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The Netherlands: Localized individual risk - example

Overview

Introduction

Metrics

Principles

Comparison

e Regulations
e Authority
e Criteria-UK

Conclusions

References

Source: CPR 18E
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The Netherlands: Societal risk

Overview The Netherlands have stricter criteria than the UK, and includes risk
Iaree e aversion (slope -2):
Metrics
Principles International standards in FN format
Comparison —
e Regulations 10801
e Authority -
e Criteria-UK
o
1.0E-Da
Conclusions T
£ O10E05 w
References %
% 1,0E-06
1.0E-0F -

1,0E-08 \
1,0E-08

1,0E-10 k
1,0E11 - e g

10 100 1000 10000

n {number of faialities)

Societal risk is sometimes shown on so-called ‘risk maps’ source: Suddie
(03), Basta (07), TNO
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Overview

Introduction

Metrics

Principles

Comparison

Conclusions

e Conclusions

References COnCIUSiOnS
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Conclusions and final remarks

Overview

0 Land use planning is an important premise for criteria used with
landbased process industry

Introduction

Metrics

Srmeils [0 Different nations use different approaches and have different
Comparison criteria, for example regarding:

Conclusions ..

[0 Authorities

References [0 Strictness in risk acceptance criteria
[0 Use of societal risk

[0 Approach to risk reduction

[0 Differences in how easy it is to understand the criteria
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Overview

Introduction

Metrics

Principles

Comparison

Conclusions

e References REfe rences
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Overview

Introduction

Metrics

Principles

Comparison

Conclusions

References
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