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Recognising the importance of establishing appropriate separation distances between hazardous
installations and vulnerable residential areas for mitigating the effects of industrial accidents, the
European legislation for the control of major accident hazards — the so-called Seveso II Directive — calls
for procedures ensuring that technical advice is taken systematically into account for land-use planning
(LUP) purposes. Due to historical, administrative, cultural and other reasons, these European Union’s
Member States which have consolidated procedures for addressing this issue, have employed different
approaches, methods and criteria, with a potential for great divergence in the resulting land-use plan-
ning decisions. In order to address this situation and to increase consistency and ‘defendability’ of land-
use planning decisions in the EU, a European Working Group has been established and is operating under
the coordination of the European Commission’s Joint Research Centre (JRC). This Group, consisting of
experts from the EU Member States, the industry and the academia, is trying to understand the different
approaches and their implications to LUP decision-making, to develop guidelines in support to these
decisions and to examine data sources and tools for consistent application of risk assessment in support
to LUP. This paper presents the activities of the Group, reviews the situation with respect to LUP in
Europe and discusses whether a direction towards more consistent LUP decisions is being followed in
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1. Introduction

A number of severe accidents that occurred in the past decades
and in the 2000s — such as the ones in Seveso (1976), Bhopal
(1984), Enschede (2000) and Toulouse (2001) — dramatically
demonstrated that the consequences of industrial accidents can be
severely aggravated because of the proximity of vulnerable resi-
dential areas to hazardous installations. As a result of the public
awareness to this fact and a response to the worries of the public,
the European legislation for control of major accident hazards —
namely, the Seveso II Directive — includes provisions for land-use
planning (LUP). In particular, Article 12 of the Directive requires the
Member States to ensure that technical advice on the nature and
magnitude of risks is available and is taken into consideration in
land-use planning in order to establish and maintain appropriate
separation distances between sensitive areas and Seveso installa-
tions, the latter being defined as those installations where
dangerous substances are present in quantities above certain
thresholds (CEC, 1997).
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Following this request, a Technical Working Group was estab-
lished in 1996 to study the existing LUP practices in the Member
States of the European Union (EU). Most of the Member States did
not have a consolidated LUP approach established at that time,
while those who had one were employing different approaches
with varying resulting decisions. This discrepancy in approaches
and decisions has been reported in the guidance document of the
Group (Christou & Porter, 1999) and in the literature (Christou,
Amendola, & Smeder, 1999; Cozzani, Bandini, Basta, & Christou,
2006). In the aftermath of the accident in Toulouse, which caused
the death of 30 persons, injured about 2000 and caused devastating
damage to the surroundings of the plant, a conference on land-use
planning was organised by the French Authorities and the JRC in
Lille, France. This conference found out that, indeed, there are
differences in the LUP decisions caused by application of different
approaches, scenarios, criteria, models, tools, frequency and risk
assessment data and assumptions. Furthermore, it recommended
that, although it is too early to establish a harmonised approach and
common risk acceptance criteria, the whole LUP decision-making
process would benefit if common principles are employed,
common scenarios are considered and common — as much as
possible — frequency and modelling data are used in the risk
assessments supporting LUP decisions. The participants of the
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conference were of the opinion that this activity would lead to
more consistent decisions, which would help enormously with the
transparency and the ‘defendability’ (i.e. the ease with which
certain decisions can be defended in a public debate) of the deci-
sions. In addition it recommended the revival of the European
Working Group.

This paper presents the work of the Group and discusses the
activities towards more consistent land-use planning decisions
through more understandable risk assessment approaches and
data. The work of the European Working Group, the guidelines
developed and an overview of the approaches employed for land-
use planning in the EU are presented in Section 2. The use of failure
frequencies in the various approaches as well as the structure of the
database on risk/hazard assessment data are also described in
Section 2, while the accident scenarios developed by the Group are
presented in Section 3. Finally, conclusions and recommendations
on the next steps of the work are included in Section 4.

2. Land-use planning in the European union

2.1. Legislative requirements and the work of the European
Working Group

As mentioned above, Article 12 of the Seveso II Directive
requires the European Union’s Member States’ land-use planning
policies to take into account the objectives of preventing major
accidents and limiting the consequences of such accidents through
controls in siting of new establishments, modifications in existing
ones or new developments in the vicinity of existing industrial
facilities. It also requires that the LUP policies take into account the
need to establish and maintain appropriate distances between
Seveso establishments and residential and other sensitive areas,
these distances being based on technical advice on the risks. The
link between risk assessment and land-use planning is established
clearly in Article 12.

Reflecting the conclusions of the Lille conference and the public
opinion, the Amendment Directive 2003/105/EC (CEC, 2003)
invited the Commission in close collaboration with the Member
States to draw up “guidelines defining a technical database with risk
data and risk scenarios, to be used for assessing the compatibility
between Seveso establishments and residential and other sensitive
areas listed in Art. 12”.

The respective work of the European Working Group on Land-
Use Planning (EWGLUP) was defined by objectives and a work plan
that structured the outcome into three products:

- A guidance document for clarification of the legal requirements
of Article 12 and for setting principles of implementation;

- a so-called “roadmap” document that describes implementa-
tion examples and gives more detailed information on how to
comply with the requirements and how to achieve consistency
with basic decisions of the overall approach; and

- a database (Risk/Hazard Assessment Database — RHAD) for
“risk data and risk scenarios”, more exactly an internet-based
tool for the systematic selection of reference scenarios.

This strategy is schematically depicted in Fig. 1. In a nutshell it
says that the EU Member States can agree upon the principles of
land-use planning in the vicinity of hazardous installations.
However, there are many possible ways to achieve the targets of
adequate protection and the agreed principles. This “good practice”
is captured in the “Roadmaps” document, which can serve to those
Member States who do not have yet a consolidated LUP procedure
in place as an authoritative source of reference on how to apply and
what are the requirements and the limitations of the different

1. Principles
Principles of LUP, provisions of Art.12
and how to make them operational

2. Roadmaps

Possible ways to achieve targets
- Principles

- Good practice

3. Scientific Basis

Develop a technical database

- Common accident scenarios
- Failure frequencies

- Risk assessment data

Fig. 1. Schematic representation of the guidance package on land-use planning from
EWGLUP.

approaches. Finally, decisions need to be based on common — as
much as possible — and transparent scenarios and datasets for
failure frequencies and other risk assessment parameters.

On the top of the pyramid are the explanations to the legal text
and the common principles, which are combined in the Guidance
document of 2006 (Christou, Struckl, & Biermann, 2006). The
experts of the Group agreed that the main principles for robust LUP
in the vicinity of hazardous installations are three:

(i) Consistency: Outcomes from broadly similar situations are
broadly the same under similar conditions
(ii) Proportionality: The land-use planning restrictions should be
proportional to level of risk
(iii) Transparency: Clear understanding of the decision-making
process

These principles were analysed in more detail, supporting
principles were identified, they were explained and the desired
outcomes and possible procedures were determined. This way the
whole land-use planning procedure was put on a systematic basis,
so that it has become clear to the practitioners what they are trying
to achieve through LUP measures, how they can do it and why, as
well as what would be the final outcome of these procedures.

In 2008 the so-called Roadmaps document was published (Basta,
Struckl, & Christou, 2008). A preliminary research, exploring the
state-of art of the implementation of Art 12 within the EU Member
States (MS) was conducted by the Major Accident Hazard Bureau of
JRC in the form of a questionnaire-based survey. Final results were
collected, analysed and presented in a structured way. A group of
Member States — the Netherlands, Italy, France, Germany and the
United Kingdom — was selected for further analysis and invited to
comment and revise the result of the investigation. The document
provides supplementary information material describing in detail
“good LUP practices” available within selected Member States and it
has a twofold objective. Firstly, it reports the results of the survey
concerning “good practice” for LUP in the context of the Seveso II.
Secondly, it proposes implementation Roadmaps fulfilling Art. 12
requirements. In that context it should be noted that its character is
purely descriptive and informative and it cannot be used for guid-
ance or normative purposes. At the same time, it is believed that the
structured information provided can substantially help the Seveso
competent authorities and planning authorities to deal with the
land-use planning issue.

In this respect, results of the subsequent comparative analysis
different risk regulations led to:

1. The identification of four categories of different methodological
approaches to cope with the risk-in-LUP issue; methods were
developed consistent with national regulatory, geographical,
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economical and societal backgrounds as well as the specific
“accident history” (lessons learned, multi-risks, national char-
acters, etc);

2. The description of different procedural routes connecting actors
during decisional processes; in this respect, the assignment of
roles and responsibilities lies in the pre-existing institutional
engine as well as in national legal and cultural backgrounds
(common law vs. civil law, participative processes vs. top-down
processes, etc); and

3. The definition of a reference terminology for the issue of risk-
in-LUP, with particular regard to the definition of vulnerability
as a key element of planning evaluations within areas at risk.

2.2. Methodological approaches for land-use planning

Because of historical, cultural, administrative, legislative and
other reasons, the risk assessment methods applied in EU Member
States to support land-use planning decisions vary significantly.
The existing methodologies can be, however, divided into the
following four categories:

a) Deterministic approaches with implicit judgment of risk
b) Consequence-based approaches

c) Risk-based (or “probabilistic”) approaches

d) Semi-quantitative approaches.

a) Deterministic approach with implicit judgment of risk

The most straight-forward approach is to use pre-defined
(deterministic) separation distances, the size of which varies
according to the type of hazardous substances present in the Seveso
establishment. These distances derive from implicit judgment of
risk, based on the appraisal of typical accident scenarios. The
method is based on three elements: First, a target is set for the
establishment to operate — if possible — without imposing any risk
to the population outside the fence. Second, “state-of-the-art”
technology is applied at the source and additional safety measures
are taken in order to restrict the consequences within the fence
should an accident happen. Finally, a “gradual” land-use zoning
system exists, that avoids neighbouring incompatible land uses (i.e.
an industrial zone is followed by a mixed zone or agricultural area
and not by a residential zone). Likelihood is taken here only
implicitly into account in the definition of the “state-of-the-art”.

An example of application of this approach is Germany (see
Storfall-Kommission, 2005).

b) Consequence-based approach

The “consequence-based” approach is based on the assessment
of consequences of credible (or conceivable) accidents, without
explicitly quantifying the likelihood of these accidents. This way
the approach circumvents having to quantify the frequencies of
occurrence of the potential accidents and the related uncertainties.
Two distances — or zones — are defined (see Fig. 2): An internal
zone, corresponding to the beginning of “lethal” effects, where no
urban development is allowed, and an external zone, correspond-
ing to the beginning of “irreversible” effects, where no sensitive
population or increased densities are allowed. The consequence-
based approach was in use in France before 2003, when a new
approach was introduced by law.

A basic concept is the existence of one or more “worst credible
scenario(s)”, which are defined using expert judgment, historical
data and qualitative information obtained from hazard identifica-
tion. The basic idea is that if measures exist sufficient to protect the
population from the worst accident, sufficient protection will also
be given for any less serious incident. Therefore, this method
evaluates only the extent of the accidents’ consequences. Extremely
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Fig. 2. The land-use restriction zones according to the consequence-based approach.
The zones correspond to pre-defined health effect thresholds.

unlikely scenarios may not be considered as “credible” or
“conceivable” and may be excluded from further analysis. This
approach corresponds to the deterministic principle where safety
and thus undesirable consequences are defined by a discrete value.
The situation which is subject to planning restrictions is uniform for
the whole area within the calculated distance.

c) Risk-based (“probabilistic”) approach

In general, the “risk-based” approaches define the risk as
a combination of the consequences derived from the range of
possible accidents, and the likelihood of these accidents. Generally
a risk-based approach consists of five parts:

- Identification of hazards;

- Calculation of the probability of occurrence of the potential
accidents;

- Estimation of the extent of consequences of the accidents and
their probability;

- Integration into overall risk indices that may include both
individual and societal risk;

- Comparison of the calculated risk with acceptance criteria
(defined by each MS).

Two sorts of risk can be calculated, the individual and the societal
risk. Fig. 3 schematically presents the two risk metrics and the rele-
vant criteria. The individual risk criterion ensures that no individual
is exposed to an unacceptably high level of risk, while the societal
risk criterion expresses the aversion of the society to increased
number of casualties in an accident (Ale, 2002; VROM, 2010).

The risk-based approach is applied in the Netherlands (VROM,
2010), the United Kingdom (HSE, 2004—2010), the Catalan Auton-
omous Region in Spain, and other countries. Clearly, not all of them
employ both the individual and the societal risk criteria.

d) Semi-quantitative approach

The semi-quantitative methods can be regarded as a specific
subcategory of the risk-based or the consequence-based methods.
Here explicitly a quantitative element (e.g. likelihood analysis) is
accompanied by a qualitative one (e.g. the consequence assess-
ment). Typically, in semi-quantitative methods some of the
parameters of risk are assessed in a quantitative way, while others
are assessed qualitatively. Acceptability is then assessed by
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Fig. 3. Theoretical examples of criteria for (a) individual and (b) societal risk (from Christou et al., 1999).

analysing the level of each element and applying certain combi-
nation rules. The Italian method (Colletta and Manzo, 2001) and the
new French method for land-use planning in hazardous areas
(Cahen, 2006; French Ministry of Sustainable Development, 2006)
belong to this category.

This approach has been developed as a response to the criticism
about the accuracy in the assessment of likelihood of the accident
scenarios of the QRA. Indeed, it is much easier to defend that the
likelihood of a certain scenarios falls, for example, between 10>
and 107 per year than to argue that the exact value of the likeli-
hood is 3.64 x 1078 per year. The results of this analysis are much
more easily communicable to the public (although a detailed QRA
analysis accompanied by sensitivity analysis and presentation of
confidence levels for the results might be equally communicable
and more robust).

An important feature of both the risk-based and the semi-
quantitative approach is their ability to deal with increased — above
state-of-the-art — safety measures. Indeed, additional safety
measures reduce the risk and this fact needs to be taken into
account in land-use planning. In other words, a method that gives
credit to increased safety measures and reduced likelihood of
accidents by relaxing the land-use planning constraints provides an
incentive for investments to safety and for improvement.

2.3. Use of failure frequencies in the different approaches

It is without doubt that managing risks and planning the uses of
land in the vicinity of hazardous establishments involves dealing
practically with uncertainties and deciding on how to minimize
unwanted effects under conditions of uncertainty. For that reason,
all of the LUP approaches followed by the EU Member States take
into consideration the likelihood of the events and the failure
frequencies. However, some of them are taking frequencies in
a direct quantitative way, while others are taking them only
indirectly.

The deterministic and consequence-based approaches use
frequencies only indirectly, in the definition of the accident
scenarios that should be considered as reference scenarios and
assessed. When the safety and planning authorities have indica-
tions that the frequency of particular scenarios is extremely low,
they exclude them from further analysis considering these
scenarios as inconceivable. This exclusion, although not systematic,
is of paramount importance for delivering manageable decisions
and eventual relaxation, i.e. taking extremely unlikely events into
account and planning to avoid them could completely block any
development in the vicinity of the plants.

The risk-based and semi-quantitative approaches formally take
into account the failure frequencies. There are, however, Member

States which allow a relaxation of the LUP restrictions based on the
low frequency of the assessed scenarios — or even on the installa-
tion of additional safety measures reducing the failure frequency —
while others do not accept the reduction of frequencies below the
generic frequency levels referred in standards (e.g. Purple Book,
etc.). From this point of view the argument of the French Authori-
ties that the new French approach is “probabilistic” — although
semi-quantitative — is correct, since the LUP constraints can indeed
be relaxed when it is demonstrated that the frequency of a partic-
ular scenario is reduced (either because of the particularities of the
facility under question or because of the installation of additional
technical measures).

In all cases, failure frequency data and event probabilities are of
paramount importance for the risk assessments supporting LUP
decisions and consistency in the use of these datasets is absolutely
essential in delivering robust technical advice. The development of
a Risk/Hazard Assessment Database (RHAD) fully supports this
direction.

2.4. The Risk/Hazard Assessment Database (RHAD)

Although it is clear that the methods and criteria used in the
different Member States are different from each other, they all
analyse the same issue, evaluating the potential consequences of
possible major accident scenarios and using the results for the land-
use planning decision procedure. Until now there has not been
a commonly accepted practice between the Member States on what
scenarios might be taken into account in the land-use planning
procedure, while results differ significantly due to application of
different data, models and assumptions. One of the mandates of the
EWGLUP Group was the development of a commonly agreed
database of risk and hazard assessment data (RHAD). This devel-
opment was based on the risk assessment practice of sources such
as the Dutch “Purple Book”, the ARAMIS project (Delvosalle et al.,
2005), etc.

The scope of the RHAD is a systematic selection of scenarios
used for LUP purposes as required by Article 12 of the Seveso II
Directive. The LUP Guidance defines as one of the “General Prin-
ciples”: Inputs should include a representative set of major accident
scenarios and A credible and/or evaluated range of scenarios should be
defined to provide information on the potential extent of conse-
quences. The selection can be done either by quantitative or qual-
itative criteria, as the Guidance reads: Hazard/Risk Assessment
methods... can be based on hazard and/or risk. The conclusion
therefore is a list of recommended scenarios that may serve for
consequence assessment. Included in the selection process are
broad categories of scenario conditions that may reduce the
scenario likelihood, categories of scenario causes that comprise
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individual initiating events leading to the scenario and possible
measures related to these cause categories that may reduce the
scenario likelihood.

The structure of the RHAD database, as agreed within the Group
and described in the LUP guidelines of 2006 (Christou et al., 2006)
is schematically illustrated in Fig. 4. The user will initially get
a number of generic accident scenarios, based only on the
substance and the type of installation (i.e. atmospheric, pressurised
or cryogenic storage, pipeline, loading/unloading, etc.). These
scenarios will be evaluated in a probabilistic or deterministic way
using the relevant data and compatibility with existing land uses
will be checked. If incompatibilities are found, the user needs to
come back to the causes, seeking additional technical measures
that can eliminate or reduce the likelihood or consequences of the
relevant scenarios.

The procedure consists of the following steps:

e Step 1: select a substance.

e Step 2: select the type of installation.

o Step 3: get list of scenarios from the database.

e Step 4: for each scenario, evaluate the LUP case, according to

the selected assessment method and the selected criteria

(note: decided by the Seveso and planning authorities of the

Member States — not included in the database).

Step 5: if the risks associated with the particular scenario are

incompatible with the land uses, refer to the causes of that

scenario.

e Step 6: evaluate each cause, with regards to its frequency or

conditions, according to the accepted methods and criteria of

the Member States.

Step 7: if the cause is likely or the conditions make it possible

for the particular installation, consider applying additional

technical measures. Get a list of relevant technical measures

from the database, together with indications on their efficiency

and cost.

e Step 8: re-evaluate the scenario taking into consideration the
additional technical measures. Repeat from Step 4.
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In addition to the above data (scenarios, causes, frequencies,
conditions and technical measures), the database should contain
information on models (e.g. type of models applicable in particular
situations, range of parameters, etc.) and human health endpoints.
Especially concerning endpoints, distinction should be made
between human health endpoints (viewed as thresholds for human
health effects) and decision endpoints (viewed as decision or action
thresholds). Suggesting decision endpoints is outside the scope of
the database and the EWGLUP guidance.

3. Accident scenarios relevant for LUP
3.1. Selection principles for accident scenarios

It was the opinion of the LUP and risk assessment experts of the
EU Member States and of the members of EWGLUP that consistent
land-use planning decisions should be based on the evaluation of
a consistent set of accident scenarios. These scenarios describe the
conditions that might lead to a major accident and the potential
consequences. In more operational terms a major accident scenario
describes usually the loss of containment (LOC) of a hazardous
substance (or the change of state of a solid substance) and the
conditions that lead to the realization of an undesirable conse-
quence (fire, explosion, toxic cloud = the dangerous phenomenon).

The representation of scenarios can be based on the method
used in the ARAMIS project (Delvosalle et al., 2005; Delvosalle,
Fievez, Pipart, & Debray, 2006) and elsewhere, the so-called bow-
tie diagram (Fig. 5):

The “bow-tie” expresses schematically both the causes that can
lead to a “Critical event” and the Dangerous phenomena potentially
following it (that is how the “bow-tie” is created). First of all the
definition of a “scenario” must be clarified. In principle, a scenario
can be based on two elements: the Critical event (sometimes
referred to as “Top event” or “Loss of containment”) and the
dangerous phenomena. Dangerous phenomena could be a boiling
liquid-expanding vapour explosion (BLEVE), a vapour cloud
explosion (VCE) or toxic gas dispersion, etc. The two circles in Fig. 5
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Fig. 4. Schematic representation of the structure of the LUP Scenarios Database (RHAD).
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Fig. 5. Definition of scenarios and representation as a bow-tie.

represent then two different scenarios. Once the Critical event and
the Dangerous phenomena are determined, their consequences can
be assessed and distances and tolerable land uses can be defined
according to the criteria adopted by the Member State. If, however,
the situation is unacceptable (i.e. incompatible with existing or
desired uses of land), one has to refer to the left-hand side of the
bow-tie, i.e. to the causes. It is then necessary to check which are
the causes leading to scenarios with unacceptable consequences,
whether these generic causes are relevant to the establishment
under examination (e.g. earthquake in a non-seismic area), what is
their likelihood and — most importantly — what additional safety
measures can be taken in order to eliminate these causes or reduce
their likelihood or impact.

One would expect that not all scenarios are relevant for land-use
planning (Gyenes et al., 2010). The European Working Group on
Land-Use Planning (EWGLUP) agreed on the following principles for
the selection of scenarios (Christou et al., 2006):

(i) Reference scenarios to be used for risk assessment in land-use
planning may be selected by the frequency of their occurrence
and the severity of their consequences.

(ii) “Worst Case” scenarios are not necessarily the basis for LUP,
but may rather be considered as a matter of Emergency
Planning, further to the requirement to implement Best

Practice or Standards to reduce Worst Case events to a “negli-
gible” frequency.

(iii) The time scale of the consequences of a specific scenario to
come into effect shall be considered in the selection.

(iv) According to the chosen level of likelihood for the occurrence
of a reference scenario the effectiveness of barriers may be
taken into account in the selection.

(v) Land-use planning is both a prevention and mitigation
measure offsite, which requires as a minimum that relevant
good practice as published in standards has been imple-
mented onsite.

3.2. Commonly agreed scenarios in the form of scenario trees

As next step of its work the Group decided to start collecting,
inventorying and comparing accident scenarios used for land-use
planning purposes in the EU Member States. The work started with
gathering information for LPG, chlorine and ammonia. The Major
Accident Hazards Bureau (MAHB) at the JRC analysed the collected
information, identified similarities and differences and discussed
them in detail with the Member States. The results were codified in
the form of so-called “scenario trees”. A scenario tree is a taxonomy
that shows the most relevant ways an accident involving to
a certain dangerous substance may happen. It describes the
dangerous substance and piece of equipment where the accident
may happen, the Critical event (e.g. leak, catastrophic failure, etc.),
the Dangerous phenomena following this Critical event (e.g. toxic
gas dispersion, flash-fire, pool-fire, etc.), the Effects (e.g. thermal
radiation, overpressure, etc.) and finally Safety Barriers, which may
be considered in deciding whether scenarios may be included in
the envelope of LUP reference scenarios or not and under which
conditions.

The scenarios depicted in the scenario trees prepared by MAHB
on the information received from the Member States were dis-
cussed in detail at the meeting of the Group that took place in Malta
in September 2009 (Gyenes, 2009). Many explanations and clari-
fications were made by the experts of the Group at that meeting,
which concluded with the identification of commonly agreed
scenarios for the three substances selected and for all relevant
types of installation. Figs. 6—8 provide examples of these scenario
trees for LPG storage leaks, LPG loading/unloading facility and for
chlorine storage, respectively.

| Substance | | Equipment | | Critical event |

| Dangerous phenomena |

| Effects | | Safety barrier |

Thermal radiation

______ _E VCE
! Overpressure Tank must be
' _ mounded/buried
, Missiles
1
! Shut-off valve
: Flash fire Thermal
Bl ! - radiation
Leak on the /’ 00| eva?ora ion o a
tank ! iectiame Gas detection
| contact
1
Storage tank i Thermal Water injection
1
LPG —» (above ground » Pool fire radiation system
+ pressurised)
Fire resisting
> Jet fire Thermal coating
Catastrophic ~» Tediation
Failure/Rupture
Unintended opening of the relief Bunds

valve

Fig. 6. The scenario tree for LPG storage tank leaks (Gyenes, 2009).
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ll—:‘ Flash fire
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< Pool evaporatlon
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> Jetfire

Effects | | Safety barrier
Thermal radiation Bunds
o Overpressure Emergency
. disconnection
Missiles
Thermal Shut-off valve
radiation
Gas detection
Direct flame
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Thermal
radiation Water injection
system
Thermal Fire resisting
radiation coating
Dry
connection/

disconnection

Fig. 7. The scenario tree for LPG loading/unloading (Gyenes, 2009).

It is clear that the scenario trees contain the main qualitative
information with regards to “what can happen” and they can be
used for land-use planning decisions as the most relevant scenarios
for LUP purposes. Quantitative information and data can be added
to the qualitative description of the scenarios in order to make
them quantifiable. This data includes, for example, the event
frequency, the duration of release, the diameter of the leak, etc.

Following this exercise, the Group extended its work to other
substances of high interest and which are commonly used in the
industry: liquefied natural gas (LNG), liquefied oxygen and flam-
mable liquids. This way an important percentage of the installa-
tions storing and handling both toxic and flammable substances
was covered.

The scenario trees developed for the main substances and
installation types will be included in a “Scenarios Guidebook”,
which is currently under preparation by the Group. After appro-
priate testing they will also be introduced in the RHAD database.

3.3. The LUP case study
In order to analyse how the scenario trees can be used in the risk

assessments supporting LUP decisions, and to understand any
differences in the assessments performed by different Member

States, the Group decided to perform a case study, where the
experts voluntarily undertook to analyse the same reference
installation and report what would be the technical advice on
a number of LUP-related questions. This case study is an extension
of the propane case analysed by invited experts at the Montreal
Symposium in August 2009 (Centre de sécurité civile de Montréal,
2010). Clearly the aim was to describe and understand the different
LUP approaches used by the MS and compare the outcomes of the
LUP hands-on exercise. This exercise will also serve in bench-
marking the scenario trees and in populating the RHAD database.

Two fictitious facilities were used for the case study, one storing
and handling chlorine and one LPG. These two reference substances
and facilities were selected because (1) chlorine and LPG are
commonly used substances in industrial processes and (2) their
facilities are standardised and fairly similar across the European
Union. The representatives from the United Kingdom, the
Netherlands, France, Austria and the MAHB defined the layouts of
the facilities in December 2009 at Ispra. A number of LUP-related
questions were also defined, with the purpose of highlighting how
the different approaches use the technical information and to what
decisions their applications would lead. The case study was carried
out by 8 EU Member States and the evaluation of the results is
currently in progress.

| | Critical event |

| Dangerous phenomena | |

Effects | | Safety barrier

Catastrophic I

Failure/Rupture

Storage

1.
2" Tank (pressurised)

Leak
on the tank

Toxic cloud
Toxic gas

BLEVE ——— Thermal

radiation Bunds
Overpressure
. Water curtain
Toxic gas X
R . — Toxic cloud
dispersion

Gas detection

Explosion —» Overpressure

. . Shut-off valve
dispersion

Fig. 8. Possible scenario tree for chlorine storage tank (Gyenes, 2009).
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4. Conclusions — the next steps

The issue of land-use planning in the vicinity of hazardous
industrial installations has been an important one, addressing both
industrial development and the safety and well-being of the
European citizens. Especially for Europe, serving both these
objectives is essential for our survival: Europe needs to invest more
on development and innovation, while at the same time ensure
a high level of safety and well-being for the citizens. Because of the
limited physical space and the legacy of the past, whereby most
industrial sites are located within a short distance of residential and
urban areas, this issue has aggravated, calling for efficient solutions.
In dealing with this issue it is of paramount importance to employ
methods, data and tools that are as transparent and robust as
possible. In that sense the work of the European Working Group on
Land-Use Planning and the developed guidelines, database and
scenarios guidebook can provide essential help to the EU Member
States — especially the ones which do not have a consolidated LUP
approach — and can be very useful tools in reaching more consis-
tent land-use planning decisions.
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