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How powerful is ARAMIS methodology in solving land-use issues
associated with industry based environmental and health risks?
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Abstract

The first experience on how a part of the ARAMIS methodology has contributed to demonstration of safety in the licensing process in
Slovenia for a new Seveso II plant is described. There are two foci of this description: first, trustworthy of the methodology for evaluating
safety, and second, the role of a land-use plan in issuing a construction permit for the new plant. In the context of the first focus, we present
why has been safety report first rejected by the regulator, and later-on accepted after applying components of the ARAMIS methodology in
its revised version. In the context of the second focus, we discuss a relationship between the land-use plan and the licensing process for the
new plant. The outcomes of this Seveso II plant licensing case are that the ARAMIS approach, in spite it was still under development when
a
s
r
©

K

1

m
m
p
a
w
g

1
s
a
o
i
S
a
a

0
d

pplied, is more transparent and credible comparing to the others, which have also been applied. This is related to the demonstration of how
afety management system and general safety behaviour is integrated into the overall management policy. The conclusions take into account
egulator’s response in the licensing process.
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. Introduction

The objective of the paper is to show how the ARAMIS
ethodology has contributed to build trust into risk assess-
ent and related safety management system in a Seveso II

lant in Slovenia. The context is licensing process in a situ-
tion where no quantitative safety standards are available on
hich the authority can rely while making decisions. Back-
round information is as follows.

A chemical industry Nafta Petrochem d.o.o. (PetroChem),
of 23 Seveso II upper tier establishments in Slovenia,

tarted licensing process in 2003 for the purpose of getting
construction permit for a new plant for annual production
f 40,000 tonnes of 36 formaline (a formaldehyde solution
n water). According to Slovenian regulation, which covers
eveso II issues and approval of new industrial installations,
pplicants need to demonstrate safety and environmental
cceptability of new plants by environmental impact report
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(EIA), which includes risk assessment. For this assessment,
regulation provides general guidance on the items of safety
reporting, however no specific methodology on how to per-
form risk assessment is prescribed. Consequently, applicants
are free to choose any of the methodologies to demonstrate
safety as long as it covers the required topics. A format of
safety report is also not prescribed.

In such circumstances the PetroChem decided to com-
bine different methods in the evaluation of safety for the new
plant. The HAZOP, “What-if”, Fault/Event Tree Analysis and
expert opinion combined with technology assessment were
the methods to identify and describe hazards, develop acci-
dental scenarios, calculate the likelihood of occurrence and
specific incident outcomes, and for the evaluation of the scope
and seriousness of consequences, respectively. The results
were in final instance qualitative and semi-quantitative.

After reviewing the submitted EIA and safety report for
the new plant the regulator required a number of additions
and justifications as a condition for issuing operational per-
mit [1,2]. Basically, the required additions and justifications
relate to:
304-3894/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Table 1
Summary of risk assessment results

Scenario, description of an incident Frequency/probability of the incident Safe distance (m) People at risk

Employeesa Others

A: leakage of the synthesis gas after reforming, unconfined explosion f = 1.22 × 10−2 year−1 40 1–2 –
B: explosion in the reformer f = 0.033 year−1 20 1–2 –
C: explosion of the methanol vapours in the reactor (synthesis) p = 4.4 × 10−5 5 1–2 –
D: spill of methanol during loading p = 0.01 50 2 –
E: spill of formaline during loading p = 0.01 800 2b 1000c

a Process control and maintenance workers.
b Respiratory disorders and/or acute poisoning of loading operators which intervene without personal protective equipment.
c Number of those in the surroundings who may experience smell of formaldehyde and irritation of eyes and respiratory organs. The assessment took into

account wind rose in summer (expected intensified volatilisation of formaline compared to winter temperatures), night time when most people are expected to
be at home, wind velocity of 2 m s−1, number of people living in radius of 1200 m (in two closest villages), emergency response with complete control of the
incident – stop of emission of formaldehyde – is expected in 15 min after its occurrence.

• Accident scenarios and their consequences (the core of
the regulator’s requirements is a need for systematic and
transparent explanation on how was a set of major accident
scenarios developed and why was each of them chosen
for detailed analysis; a concern was about a possibility
that there exist other major scenarios which were excluded
from the analysis).

• Description of the Safety Management System (SMS) and
Major Accident Prevention Policy (MAPP) (the regulator
wanted stronger proofs of the implementation of preventa-
tive and mitigation measures against potential accidents).

It is important to note that the additions have been required
in two phases. In the first phase stress was on determining
major accident hazards, possible accident scenarios with the
evaluation of their consequences and likelihood of occur-
rence. In the second phase, the focus was on SMS and MAPP,
i.e., measures on preventing initial events leading to acci-
dents, mitigation if an accident occurs, and organisational
aspects of the system aimed at preventing major accidents.
According to this the applicant provided two revisions of the
safety report. In Section 2, we present key components of
these revisions, while in Section 3, we discuss them in the
context of the land-use planning and related licensing.
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After performing the comprehensive HAZOP study, a
major accident hazard screening matrix has been applied to
sort out hazards, which have potential for major risk [3–5].
This served as a basis for developing major accident sce-
narios to be further evaluated in terms of their likelihood of
occurrence and the scope and intensity of consequences. The
results of the overall exercise are summarised in Table 1.
For modelling scenarios’ outcomes, we used PHAST 6.1
[6], for fault and event trees analysis we used the “Fault-
Tree+” software and the “Red Book” [7,8], for evaluating
potential consequences in the surroundings of the new plant
we used Risk*Assistant [9]. Detailed presentation of assump-
tions, basic data and procedures of calculation and assessment
is beyond the scope of this paper; its primary aim is to show
the power of the ARAMIS methodology in solving land-
use issues associated with industry based environmental and
health risk.

Improvements regarding demonstration of the SMS and
MAPP were based on the concept of the M index of the
ARAMIS methodology and related audit protocol [10]. It
has been shown in the revised safety report that PetroChem’s
managers require that safety engineers and operators follow
the safety barrier’s life cycle loop as presented below when
developing concrete SMS:

Incident ⇒ risk assessment

⇒
⇒
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. Review of the improvements of safety report

The improvements regarding accident scenarios followed
esults of the comprehensive HAZOP study, which covered
ll activities at the new plant and systematically identified
ossible faults and undesirable deviations in operation. This
tudy has been made as an addition to the first HAZOP study
hich was rather limited in scope since it covered only stor-

ge and loading of the two main products: methanol and
ormaline. Major accident scenarios and possible outcomes
reated in the first safety report were consequently associated
ith major spills from the storage tanks and at the load-

ng facility. The regulator’s requirement for justification and
dditions associated with major accident scenarios was in
hese circumstances justified.
evaluation of adequacy of SMS/safety barriers

elimination of incidents

t has also been shown that the concept of linking risk anal-
sis and SMS as presented in [11] is what the PetroChem is
lanning to apply in the near future.

. Discussion on risk assessment, demonstration of
afety and land-use issues

Issuance of the construction permit for the PetroChem’s
ew plant have not solved a tangible link among the risk
ssessment, demonstration of safety, land-use planning and



D. Kontić et al. / Journal of Hazardous Materials 130 (2006) 271–275 273

licensing so as to be applied in similar future cases. Remain-
ing discussion aims at presenting where the problems still
exist and what are the targets of future research.

The Seveso II Directive requires from the Member States
that they “. . . prohibit the use or bringing into use of any
establishment, installation or storage facility, or any part
thereof where the measures taken by the operator for the
prevention and mitigation of major accidents are seriously
deficient . . .” (Article 17). The weak point of this formu-
lation is that it is insufficient in specifying what exactly
means “seriously deficient” and how should it be under-
stood/measured/evaluated/applied when it comes to issuing
permits. As such, the formulation transposes importance
of accurate and credible assessing of risks to value judge-
ments and subjective evaluation of general trustworthy of
the SMS and MAPP. Taking into account uncertainty of any
risk assessment this opens room for further discussion on
how capable is science in supporting decisions; the issue
has been widely discussed by a number of authors, a con-
densed overview is in [12]. We believe that the M index
of the ARAMIS methodology together with the audit pro-
tocol maintains science as a real problem solver even in the
presence of uncertainty; evaluations of the deficiency of pre-
vention and mitigation measures based on this tool are more
credible than an opinion of a regulator who acts without sys-
tematic tools and information systems [13]. In this sense,
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Fig. 1. Illustration of a common conflicting situation, which occurs due to
isolated licensing processes; the source of a problem is not a land-use zoning
policy: (a) no conflict and (b) conflicting situation.

issue revealed that the authority uses generally prescribed
content of the safety report as the main and only criteria for
evaluating safety compliance. Since this is clearly a vague
approach it has been concluded that the authority acts semi-
legally. In spite of that recognition, the PetroChem decided
to meet regulator’s requirements as defined in [1,2].

The problem of inconsistent understanding of the land-use
planning around hazardous installations and related licensing
remains. One of the reasons seems to be that implementation
of a plan is interchanged with planning. Such a conclusion
stems from a number of suggestions, proposals, models on
how to solve existing or potential conflicting situations as
illustrated in Fig. 1 [12,14–21]. Namely, the cited cases treat
the problem of precise land-use planning related to hazardous
installations after zoning is already established, i.e., after the
general land-use plan has already been approved. Basically,
the proposals provide ideas on micro-siting inside the zones.
Such an approach, especially if associated with the licensing
process, should not be treated as a component of the land-
use planning process, but as its implementation stage. On the
other hand, it is clear that there exists a strong need for addi-
tional hierarchical step in land-use planning associated with
hazardous installations, which would serve as intermediate
control and guidance in terms of reducing risk from exist-
ing installations. The main reasons why licensing should not
be treated as a part of the land-use planning process are the
f

e recommend modification and additions to the text of the
rticle 17 of the Directive by which an audit trial will be

ntroduced as a system for controlling regulator’s decisions
gainst justifiable evaluation of a “serious deficiency”.

Land-use planning in Slovenia, like elsewhere, focuses on
oning policy, i.e., dedication of a particular piece of territory
o a certain purpose/use. Licensing relates to the implemen-
ation of a plan and is not, strictly speaking, a component
f the planning activities. Licensing basically consists of two
tages: (i) checking whether the location of a proposed devel-
pment project is in accordance with the zoning plan and (ii)
hecking whether environmental acceptability standards will
e met during operation of the proposed activity (emission
nd imission standards, nature protection policy, etc.). Both
re to be demonstrated by an EIA. It is important to note
hat no specific quantitative safety standards are available
or stage two in Slovenia. Therefore, the PetroChem did not
xpect obstacles and delays in getting construction permit for
he new plant since its location is in chemical park (indus-
rial zone) and the project was about extension of the existing
nstallation, which has proper safety record, clearly support-
ve in terms of the credibility of the applicant. However, due
o the authority’s standpoint that no construction permit will
e issued before the applicant revises safety report and proves
hat prevention and mitigation of major accidents are not seri-
usly deficient, it was necessary to explore this modified
nderstanding of the general licensing procedure. Namely,
olely in terms of a concrete land-use plan and Seveso II
elated regulation the authority had no legal basis for not
ssuing requested permit to PetroChem. Exploration of the
 ollowing:
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Fig. 2. Illustration of the applicability of the ARAMIS methodology in solving licensing and land-use issues of hazardous installations.

• Licensing means that a development project is in its final
stage. No investor would start the licensing process during
preparation of a new land-use plan, i.e., without assuring
that proposed location for the project is in accordance with
the approved land-use plan.

• Implementation of the concept of proper safe distances is
possible only if a hazardous installation is specified, i.e.,
if impact/risk area can be determined. This works only for
existing installations and those for which licensing process
is taking place. Namely, at the level of preparing new zon-
ing (land-use) plan precise information on new hazardous
occupants of the zones are not available so the concept of
proper distances based on accurate risk assessment is not
possible at this stage. However, certain modifications of
the existing land-use plans in terms of changing dimen-
sions of the zones due to existing or new installations are
theoretically possible; one should be aware that this is dif-
ficult to achieve in practice due to different interests of
the neighbouring users of land, which makes negotiation
process exhausting.

Potential of the ARAMIS methodology to support solv-
ing of these issues is depicted in Fig. 2. The PetroChem
case serves as the first experience related to extension of
the existing establishment. Others are still to be checked.
The illustration takes into account relevant guidance of the
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At the end, it seems worthwhile to mention that an addi-
tional exercise has been done in the context of presenting
transparency of the ARAMIS methodology. Comparison was
made among the QRA, Rapid Risk Assessment (RRA) [26]
and SPIRS. These have been selected based on a study, which
has been commissioned by the Slovenian authority respon-
sible for the implementation of the Seveso II Directive in
2002. The aim of the study was to get answer to the question
“Which risk assessment method among the following three is
the most appropriate for Slovenian Seveso II establishments:
QRA, RRA or SPIRS?” The results of the study are avail-
able in [27,28]. They show that RRA is proper method for
risk screening purposes only and is not well informative in
terms of consequences and frequencies of an accident. Simi-
larly, SPIRS is aimed for comparing purposes among Seveso
establishments at the EU level and does not serve well as a
self-explaining methodology for a single installation. QRA
reveals as the most suitable method among the three for the
above stated purpose and as the only method, which provides
inputs for defining risk reduction measures.

Finally, it can be concluded that the ARAMIS methodol-
ogy is more transparent compared to the QRA in the compo-
nent of the evaluation of Safety Management System, since it
explicitly takes into account safety behaviour. This is impor-
tant in the view of expressing trust into a particular SMS
in an auditable way. In addition, the ARAMIS methodol-
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eveso II Directive and [22,23].
As regards the siting of new installations we believe that

nvironmental vulnerability feature of the ARAMIS method-
logy could be successfully combined with the wider concept
f strategic environmental assessment described in [24,25].
he core of this approach is optimisation of siting through
eneration of zoning and specific site alternatives at the level
f land-use planning. The idea has been briefly presented in
14] in association with natural hazards and sustainable urban
evelopment in northern Italy; further efforts are needed to
ake the concept fully transparent and operational.
gy uses environmental vulnerability in a traceable manner,
hich contributes to clear interpretation of final risk evalua-

ion results.

. Conclusion

The paper exposed a problem of issuing construction per-
it for a Seveso II plant in the situation where no quantitative

afety standards are available. We demonstrated effective-
ess of the ARAMIS methodology in building trust into
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SMS and MAPP in such a licensing situation. The approach
proved beneficial—the ARAMIS methodology obviously has
potential for assisting in solving issues of trustworthy of
risk assessment. Since land-use planning and licensing pro-
cess are interrelated it remains to be checked whether the
ARAMIS methodology is also powerful in supporting risk
informed land-use planning on strategic, i.e., zoning level.
For existing installations M index coupled with auditing of
safety barriers in a life cycle approach, and environmental
vulnerability, both integral features of the ARAMIS method-
ology, are supportive in the context of micro-siting inside the
land-use zones.
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