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Mandatory SEVESO documents/actions Ub-per “Lowert
(Summary)* tier tier
Notification to Competent Authorities Yes Yes
Major Accident Prevention Policy (MAPP) & Yes Yes
Safety Management System (SMS) to
implement it
Hazard Identification and Risk Assessment Yes Yes
(HAZID)
Information to Planning Authorities Yes Yes
Consider inter-site domino effects Yes Yes
Internal Emergency Plan Yes )
Information to Authorities for External Emergency | Yes :
Plan
Safety Report Yes :
Information to the Public Yes Yes

* Ref. Costa Stanisav
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SEVESO inspections
Member States obligation (art. 200f Seveso
[l directive)

» MS shall ensure that the competent authorities organize a system of inspections
for SEVESO sites.

* MS shall encourage the competent authorities to provide mechanisms and tools
for exchanging experience and consolidating knowledge, and to participate in
such mechanisms at Union level where appropriate.

» MS shall ensure that operators provide the competent authorities with all
necessary assistance to enable those authorities to carry out any inspection and
to gather any information necessary for the performance of their duties for the
purposes of this Directive, in particular:

to allow the authorities to fully assess the possibility of a major accident and

to determine the scope of possible increased probability or aggravation of major
accidents,

to prepare an external emergency plan and

to take into account substances which, due to their physical form, particular conditions
or location, may require additional consideration.

VYV VYV

TAIEX ECRAN57311-
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September- 2014
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The main objectives of inspections/control
measures

Inspectors have to verify that: (art 20)

* (a) the operator can demonstrate that he has taken
appropriate measures, in connection with the various
activities of the establishment, to prevent major accidents;

* (b) the operator can demonstrate that he has provided
appropriate means for limiting the consequences of major
accidents, on-site and off-site;

» (c) the data and information contained in the safety report,
or any other report submitted, adequately reflects the
conditions in the establishment;

* (d) information has been supplied to the public

TAIEX ECRAN57311-
Macedonia/Skopje 10-12 5
September- 2014

In Summary
Contents of Upper Tier
SAFETY REPORTS
Minimum SEVESO requirements for a SR (Upper Tier)
1 Safety Management System of the company as implemented in the
establishment incl. MAPP
2 Description of establishment and neighboring environment
3 Dangerous Substances (Quantities vs SEVESO Qualifying
quantities )
4 Hazard Analysis (HA) : safety critical equipment/circuits
5 Major Accident Scenarios (Reference Scenarios), Phenomena with

consequences outside the establishment Worst Case Scenarios
(WCSs)

6 Consequence Zones (Z1, Z2, Z3)

7 Risk Assessrent RA (Consequence based or QRA)

8 Domino

9 Measures of Prevention, Control and Intervention (limitation of

consequences, internal emergency plan)
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Identification and Accidental Risks

Analysis
and Prevention Methods

A. detailed description of the possible major-accident scenarios and their
probability or the conditions under which they occur, including a summary
of the events that may play a role in triggering each of these scenarios, the
causes being internal or external to the installation;

B. assessment of the extent and severity of the consequences of identified
major accidents, including maps, images or, as appropriate, equivalent
descriptions, showing areas that are liable to be affected by those
accidents;

C. description of technical parameters and equipment used for the safety of
installations.
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Risk assessment

Risk analysis is teamwork

Ideally risk analysis should be done by bringing together experts with different
backgrounds:

— chemicals
— human error
— process equipment

Risk assessment is a continuous
process!

human
- This Project is funded by the European Union én:miu Project implemented by Human Dynamics Consortium

10/7/2015



10/7/2015

w:ECRAN

’ System definition ‘

l

’ Hazard identification °
’ Analysis of accident scenarios ‘
[ ]

’ Estimation of accident frequencies

l

Consequence analysis and modelling

!

’ Risk estimation ‘

- This Project is funded by the European Union

Scheme for qualitative
and quantitative
assessments

At all steps, risk
reducing measures
need to be considered

Project implemented by Human Dynamics Consortium
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Risk Analysis

| Hazard Identification |

| Hazard & Scenario Analysis |

/\

| Likelihood | |Consequences|

\/

| Risk |

a>

e "What if”

¢ Checklists

e HAZOP

e Task analysis

e Index (Dow, Mond)
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Risk Analysis

| Hazard Identification |

F(IRNS

| Hazard & Scenario Analysis | e Fault tree analysis
/\ » Event tree analysis
| Likelihood | | Consequences | : gg‘r"r’?gs diagrams
\/ « Reliability data
3 e Human reliability
| Risk | « Consequence models
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FIGURE 1. FAULT TREE FOR UNCONTROLLED LPG FIRE/BLEVE PER YEAR
Based on historical data and Guidelines for Process Equipment Reliability Data,

Centre for Chemical Process Safety (CCPS) of the AIChE, 1989.
Ref. RPS/BKH/PM report REAP 2002
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Initiating events Critical Event ;%

Barri Mitigative]
arriers ;
Fault Tree Barriers Event Tree
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Risk Analysis
| Hazard Identification | N
| Hazard & Scenario Analysis | Id entify
: ./\ > Safety

| Likelihood | | Consequences | Barriers
| Risk |

/
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The main elements in any risk analysis process are as follows:
¢ hazard identification;

® accident scenario selection;

e scenarios’ likelihood assessment;

e scenarios’ consequence assessment;

e risk ranking;

¢ reliability and availability of safety systems

With regard to the hazard identification, a range of tools exists for systematic

assessments, which are selected depending on the complexity of the individual
case.

The identification of hazards is followed by designation of
reference accident scenarios which form the basis for determining whether
the safety measures in place or foreseen are appropriate.
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A. Description of major-accident scenarios, initiating causes and the
conditions under which they occur

A structured approach to scenario selection is a crucial step in the overall
analysis. The safety report should, therefore, outline the principles and
procedures followed (SMS) to determine the scenarios. In doing so, events
which are documented in accident databases, near-miss recording, safety alerts
and similar literature must be reviewed when drawing up the list of scenarios
and appropriate lessons learnt incorporated.
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A major-accident scenario for the purposes of the safety report
usually describes the form of the loss of containment specified
by its technical type e.g.:

e vessel rupture
e pipe rupture
* vessel leak, etc.

and the triggered event, namely:

o fire

¢ explosion

* release of hazardous substance(s)
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The following non-exhaustive list provides the most relevant event types that
describe the consequences of the top event development (outcome):

* pool fire

o flash fire

o tank fire

o jet fire

¢ VCE (vapour cloud explosion)

e toxic cloud

® BLEVE (boiling liquid expanding vapour explosion)

o soil/air/water pollution
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Chart Title

Pressure-
liquefied Gas

Instantaneous
Tank Rupture

Immediate ignition Instantaneous Cloud/
BLEVE Pool Evaporation

[
Near miss

Ignition and detonation

Delayed Ignition

Flash fire

Explosion
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The safety report must demonstrate

that, of these possible scenario elements, the relevant scenarios were chosen.

The selection may follow strategies such as:

e event likelihood

® consequences

¢ how comprehensive or representative the scenario is.
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It is necessary to consider the causes of the potential
accident; the most relevant of these are:

Operational causes (malfunctions, technical failures, ignition, kock-on effects etc)

Internal causes may be related to fires, explosions or releases of dangerous
substances at installations within the establishment affecting other installations
leading to a disruption of normal operation (e.g. the fracture of a water pipe
leading to a disruption in the cooling capacity on site).

External causes (fire, explosions toxic release of neighboring plants —-Domino
Effects; Natural hazards-NATECH, transportation and transport off site etc.

Plant security (intentional acts)

Other accident causes (related to design, construction and safety
Management)
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Consequence Analysis - modelling

Results of modelling exercises are expressed in terms of severity of

(potential) impact. For safety reports, potential impact is commonly defined in
terms of human health, although relative property or environmental damage
may also be presented.

Two main approaches are used to measure severity of impact:

* the damage probit curve (impact related to a probability that certain
damage (physiological or material) will occur)

» fixed damage thresholds. ( links specific impacts,

such as the onset of death or serious injury, to specific level and time of

exposure). Threshold levels for accidental airborne releases of toxic substances,

static or dynamic thermal radiation, and overpressure have been calculated by various
expert groups
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External Safety in the Netherlands

Over 5000 establishments

have hazardous substances:

2200 LPG tankfilling st
1000 Chemicals storages
500 NH; cooling units

300 Seveso sites
30 Marshalling vards
... Other sites
Tl“(lIlS])Ol‘t (rail, water,road)

+ 0O o a a a A
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Dutch study revealed that different QRA software
packages often give very different results. Safeti has been selected
as the QRA model for the Netherlands

The risk tool SAFETI calculates the individual risk

(risk at specific location) and societal risk (risk to overall
population) of accidental releases of toxic or flammable
chemicals to the atmosphere. This calculation includes con-
sequence modelling (discharge and atmospheric dispersion,
toxic effects, flammable effects) and subsequent risk model-
ling.
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The individual risk index (IR) is the probability that an average
unprotected person, permanently present at a certain location,
is killed in a period of one year due to an accident resulting
from a hazardous activity. The IR is mainly used for land-use
planning.

mmmzzyrwﬁmwm@g)m)

=1

where A; denotes accident of type 7, and ; is the frequency of
A;

Hazardous installation
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Allowed

Only existing,
limitedly vulnerable
objects

Not allowed

Individual risk contours around a hazardous establishment and
the area affected by an individual accident scenario.
(ref Jongejan et al 2010)
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Probability of wmemerecns ECRAN
exceedance (/yr)
A
105
107 10-%n?for establishments
109 i
" Fatalities (n)

10 100 1000

The Dutch societal risk criterion for hazardous
establishments and a fictitious FN-curve.

The Dutch societal risk criterion of 10-3/n2 per
installation per year was initially developed for LPG-
fuelling stations. It was later applied to all Seveso
establishments.
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Study Folder: RPS Case lke Maximum Concentration Footprint
oude versie
Run Row: Individual - Dag

Audit Mo: 15596 2300
todel: Ike Romania 1800
‘WWeather: D 15 mfs
Material: AMMONIA 1300
Averaging Time: ERPG(3E00

s) 800
Height: 1 m

Concentration 300

[ 34599999 ppm -200

I +25 99999 ppm
[ 981 00002 ppm

Cloud Width ()

700
-1200
-1700

STEL 35 ppm 2200

2300
-1800
1300H——

2700 T T T
IDLH 500 ppm R B BE B EE B B

Distance Downwind (m)

STEL = Short term exposure limit
IDLH = Immediate Dangerous to Life and Health
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Source:QRA's FOR DUTCH INSTALLATIONS
IChemE SYMPOSIUM SERIES NO. 153 2007
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Spatial Planning : new situations

1 9'5 1 p'ﬁ LCo,
% ﬁ ‘ NOT
preferred
A

o :

105 106
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Two types of estblishments

establishment categories: safety distances
LPG tankfilling stations,

Chemicals storages,

Ammonia cooling installations

risk assessment and evaluation by risk criteria
for: 300 Seveso companies,

+ Railroad marshalling yards,
+ ...
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Fixed safety distances vs QRA

Complex site
or Seveso site

— Standard
Standardized installation
risk - distance
modelling

Risk d

table

Standardized
risk modelling

tance “Safeti-NL”

Risk contours 105
to 10° + Soc Risk

Risk distances 105 and 10°°
+ max. pop.density

Ref. Robert Plarina Netherlands Ministry of Environment
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- Applicable to type of facility Effect studied Criteria correspondingto | Criteria correspondingto
Scenario first deaths first irreversible effects
BLEVE Liquefied flammable gases Thermal Radiation 5 Kw/m2 3kwW/m2
UVCE Liquefied gases Overpressur 140 mbar 50 mbar
Total instantaneous LOC Vessels with toxic gases Toxic Dose Based on LC1 and Based on IDLH and

(liquefied or not) exposure time exposure time
Catastrophic rupture of the largest Toxic gas installations Toxic Dose Based on LC1 and Based on IDLH and
pipeline Q highest mass out low (containment designed to resist exposure time exposure time
external damage or internal
reaction)
Firein the largest tank Large vessels containing Thermal Radiation 5 KW/m2 3kw/m2
Explosion of the gas phase in fixed flammable liquids Overpressure
roof tanks Missile projection 140 mbar 50 mbar
Fireballand projection of burning
product due to boilover
Explosion of the largest mass of Storage or use of explosives Thermal Radiation 5 KW/m2 3kw/m2
explosive present or explosion due to a Overpressure
reaction Missile projection 140 mbar 50 mbar

Ref. G. Papadakis SEVESO SERVIA June 2013
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DOMINO effects
37.5 KWIm2
700 mbar

Type of Consequenct

SLFUCLUTES
15 KWim2
0 mbar

6 KW/m2
140 mbar

10) Ifle doors and Windows ZONE i
3 KW/m2
50 mbar

ZONE [ (Exrarns) Zops) Proeetion of Puolie —
Clypsielsraols Copseefuzness

Ref G. Papadakis SEVESO SERVIA Jure 2013

human
- This Project is funded by the European Union én:mic Project implemented by Human Dynamics Consortium

Type of Consequence OMINO  efft

ZONE 1]
IDLH

ZONE [ (Ecerns] Zons) Protsedon of Puelie —
Clopisiczrzols Conssejuaness

Ref. G. Papadakis SEVESO SERVIA June 2013
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* “Generic distances” based on environmental impact in general
(noise, smell, dust, etc.).

* Consequence based (“deterministic” or “Qualitative”)
Safety distances are based on the extent of consequences
(effects) of distinct accident scenarios (“worst case” or
"reference” scenarios).

* Risk based (“probabilistic” or “Quantitative”)
Quantitative risk analysis (QRA) includes an analysis of all
relevant accident scenarios with respect to consequences and
likelihood (expected frequency), and results in calculated values
of individual risk and societal risk, which can be compared with
acceptance criteria.
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ECRAN

CASE LPG STORAGE FACILITY -
Slovenia
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