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Abstract

The paper concerns the problem of uncertainty #@s®acto risk analysis of complex technologicaltegss; this
problem is not easy to resolve and manage. Thiedswuse such uncertainty has never been simplaatotity

and, despite several innovative techniques ablproperly manage uncertainties are available, ndnthese
methodologies is integrated on the risk analysisritter to evaluate the error propagation. Alsoitkelf risk

analysis is not a precisely defined procedure atlter a complicated process of several parts aockawer, each
part is characterized by its own uncertainty. Salvstudies highlighted as the phases which maiahtribute to
the overall uncertainty of a risk analysis are egugnce and vulnerability studies.

In order to provide a signifying approach to thelgem, the working team has decided to focus #gntion on
a very important target for population safety: fiyelrogen refuelling station for automotive.

1. Introduction inaccuracies closely related to the complexity o t
xamined system.

resently, techniques and models are availablany c

' out the described process, but none of them prdhiele
ntdegree of uncertainty/inaccuracy associated to the
performed estimation, so that analyst usually Bmit
himself to only an estimate of punctual values with
information on the confidence which can be assigned
to such results. In general, only basic studies are
available, in which an uncertainty analysis hasnbee
applied to specific models or to complex accidental
sequences in order to evaluate the error propagatio
However, such an application to a complete risk
analysis of a real plant, allowing to appreciate th
uncertainty affecting the results achieved with the
application of the classical approach, is stilkiag.
Several studies highlighted as the phases whichlynai
contribute to the overall uncertainty of a risk lgses

are the consequence assessment and the vulngrabilit
analysis.

In order to provide a signifying approach to the
problem of risk uncertainty, the working team, in
collaboration with Polytechnic of Milan and the
Universities of Pisa, Rome and Palermo, has focused
s attention on a very current and important clase

Some European Benchmarking Exercises (Benchmar
Exercise on Major Hazard Analysis 1992
ASSURANCE 2000) have demonstrated that differe
groups of analysts, facing the risk analysis ohme
plant, obtain results very different from each oshiey
orders of magnitude in the point value of risk.

Risk estimation is always affected by three begigni
of uncertainty: the analyst's assumptions; the
uncertainty of input data; the accuracy of simolati
models. All those issues influence the final result
leading to an “uncertain” estimation of risk, heedow
called “Risk Uncertainty”. Such uncertainty, assbed

to the risk analysis of complex technological syste

is not easy to be quantified since, even the etialua
of risk itself is not a precisely defined procedimet
rather a complicated process of several parts, parth

is characterized by its own uncertainty.

A simplified scheme of the risk analysis process
consists of the following steps: 1) hazard idecdition

for the complex system under analysis; 2) choicénef
adequate models; 3) retrieval of the relevant déj}a;
execution of the analysis; 5) presentation of the
outcomes. All these phases are subjected
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population safety: the hydrogen refuelling statfon  demineralised water from the demineralization unit.
automotive. The hydrogen produced by the electrolyser is fed
The problem of the uncertainty of this kind of glésn  through a purifier, where impurities in hydrogere ar
particularly important because it involves an highremoved by filtration, oxygen depuration and
degree of newness, concerning a new technology in desiccation.

new context. Furthermore the activity will contrieuo  After purification, the hydrogen is compressed &9 3
deepen the knowledge of the safety issues related tbar by a 3-stages compressor.

hydrogen, making people more and more confident inAfterwards compressed hydrogen is transferredxo si
its extensive use as a fuel. buffer storage tanks (6 %rin total), which feed the
The aim of the research has mainly been underlinindilling system.

and demonstrating that the consequence analygig is

most tricky phase of the risk analysis because the.2 “Classic” risk analysis methodology

analyst can easily commit errors that are veryialift . .
to quantify. Moreover the overall group has tried t F’efore ,:[he. uncertaln_ty analysis has been begun, t_he
apply new methodologies, some of these developedCI""S.SIC risk ana_IyS|s has been r_nanaged'by Turin
from the group itself, to better understand thebfem worklng tgam. Main steps are following desprlbed.

of the uncertainty associated to this kind of pIantA preliminary step concerns the collection of all

These methodologies concern studies about event adBfOfma“O”’ necessary to study_de\_/elopment, mainly
fault tree analysis, human factor, description fué t constituted by site characterization and system

: : : description.
same plant, finally the error propagation in the : :
consequence analysis. The data about plant location concern anthropic and

Paper describes activities performed from the wuyki %nw;pnmtlelntal fa;ﬁors. 'Il'he flé'slf[t.lnformatlt;m flr]llom
team of Turin, which mainly consists in: identify all possible vulnerabilities nearby theam

- risk analysis for an hydrogen refuelling station; 3{;’:; %Sstglcl)a%y()lﬁgo?hao'ltegzlr:y’ca:a!\gag; tr)r;ot_c;] rvxé?\i/e;n_d
- study of uncertainties that intervene in this risk ! ' ! nv !

analysis; domino effects. The environmental characterizat®on

- further investigation about uncertainties that aimed .to verity 'the' area natural ”Sk.s’ as hydro-
intervene in the consequence assessment; geological gnd SEIsmic ”.Sk.’ and also to mvegﬂghe

- uncertainties evaluation in risk analysis in cate o meteorological characteristics of the area (diatiin
application of different simulation codes. of wind dlrectlo_n, wmd_velocr[y, P"?‘SOI“'” stabit

The activity described is founded by the Italian class). A” these information are very important tie

Ministry of Research and University (PRIN 2005) and Successive consequence a”‘?'ys's- .

it has been presented to the international conteren The system information is aimed to describe thatpla

Safety and Reliability called ESREL 2007 in operation, process, main compenents and safety
Stavanger, Norway systems. Present substances and their properties,

quantity, storage place and condition are investja
too.

A proper gquantitative risk assessment is composed b
: . three main parts. The first one is the qualitative
2.1 Refuelling plant description analysis focused on the hazard identification tisat
The analyzed hydrogen refuelling plant is not still ~ constituted by the following phases: historicallgsia;
existent plant; so system description has beerdbmse functional analysis (aimed to identify all the
different experiences developed in Italy in hydmge €lementary functions characterizing the plant);andz
installations (particularly the hydrogen bus projet  identification analysis (criticality evaluation dhe
Turin city) and on the national regulation about deviations from normal operation of all the ideietf
hydrogen refuelling station. elementary functions). When the most critical esent
The hydrogen refuelling station essentially cossift ~ are identified, all the possible initiating evente a
the following components: water demineralization, grouped and reference initiating event (RIE) are
hydrogen generation, hydrogen purification, hydroge selected. The second part of the analysis (the
compression, storage of compressed hydrogen,dfillin quantitative evaluation) includes the event treayesis
system, general instrumentation. The hydrogen(individuation of all the possible accidental saérs
production by electrolyzes has been considered. Th@roduced by the RIE and the associated frequemzy) a
filling system has been designed to deliver hydnogie  the consequence assessment (evaluation of the damag
350 bar for refuelling vehicles powered by compeess caused by the different scenarios). The last patte
gaseous hydrogen. analysis consists of calculation of risk value, as
The hydrogen is generated by an electrolyser, fed bproduct of frequency and damage, and of discussfion
risk acceptability.

2. The “classic” risk analysis
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2.3 Analysis aims

Analysis aims are to individuate the most critical
components, to find out and study the accidental
phenomena that can occur, to calculate damage to
people and infrastructures and consequently taiatal
risk associated to the installation.

3. Uncertainty

3.1 Uncertainty in a generic risk analysis

Considering several studies performed by risk

specialists and on the base of our studies todjghef

the possible uncertainties introduced in a classik

analysis has been drafted. Particularly the follmvi -

uncertainty sources, related to different phasesséf
analysis, can be pointed out:

- System definition and description: inaccuracy and
approximation due to lack of knowledge about the-
plant;

- Hazard identification: historical analysis managed
on unreliable database or unavailability of specifi
information about installation similar to the
examined one;

(complexity), conflicting evidence, ambiguity,
measurement, etc.. In this context, an important
distinction has to be done between objective (or
stochastic) uncertainty and subjective uncertainty:
the first one comes from oscillation of some
parameters around their nominal values; the other
one characterizes the confidence degree which is
assigned to the analyst’s hypothesis and generally
depends on imprecise knowledge of some
parameters. For example, temperature, pressure,
length, etc., are considered objective uncertain
inputs; the area of outflow opening in a pipe, the
leakage position, etc., are considered subjective
uncertain data.

Physical-mathematical models: the uncertainties
are caused by the capability of model in describing
reality and by approximations introduced in the
model;

Damage evaluation: also the uncertainty related to
vulnerability criteria has to be considered togethe
with the variability of physical quantities
describing phenomenon effects (heat radiation,
overpressure peak, released mass, etc.).

In order to deepen the uncertainty on consequence

- Probabilistic Analysis (this is a very delicate analysis,_ this work has ma_inly been focused on the
issue): uncertainties due to reliability data andcontribution to the uncertainty due to consequence

statistical data; inaccuracy due to

lack of model application in order to simulate the chaifis o

knowledge about operations and proceduresaccident events.

mission time, etc.

- Consequence analysis (this is another delicate3.3 Uncertainty in hydrogen plant analysis
issue): uncertainties due to phenomena modelling|, the risk analysis of the hydrogen refuellingista, it

input parameters of simulations, etc.
- Risk evaluation: this phase is affected by effefts
all uncertainties introduced in previous steps and

is necessary to add to uncertainties caused by
methodology also uncertainties due to system nesvnes

_ ! and to the new context in which components are.used
by uncertainty due to lack of precise and well 5,

the base of working team considerations,

recognized criteria for acceptability discussion of |,.ertainties that intervene in the study of anrbgen

calculated risk.

3.2 Uncertainty in consequence assessment

An European Benchmarking Exercises on Major
Analysis shows that the phases which mainly
contribute to the overall uncertainty of a risk lgsis

are consequence assessment and vulnerability &alys

Main uncertainty sources in the consequence amsalysi

are related to [1], [10]:

- Hypothesis made in analysis organization: analyst
has to choice which incidental phenomena
intervene, to establish the incidental conditidios (
example, the kind of break in a pipe, hole or
guillotine fracture, etc.), to select the mathenslti
models, to describe the evolution of a foresight
accident, etc;

- Model input data: uncertainty about input data can
be caused by a large number of factors: lack of
information, abundance of information
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refuelling plant are specified in the following:

System definition and description: because of
newness of technology, there are a lot of lack of
knowledge about this system. Also in layout
definition, uncertainties are present and they have
been partially solved only by the national
regulation about hydrogen refuelling stations, that
define design criteria such as technical solutions
and safety distances to adopt in plant planning;
Hazard identification: not numerous hydrogen
refuelling stations exist in the world, especially
realized in experimental project: so a committed
accident database is not available that can be used
in historical analysis for this system. Accident
scenarios identification can be performed by
qualitative risk assessment (by HAZID, HAZOP or
FMEA), anyway the lack of experience about
similar plant involves a difficult definition of
qualitative frequency and damage indexes in order
to identify the most critical issues.
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- Probabilistic analysis: obviously, probabilisticdan
reliability data can not usually be applied to
components of hydrogen refuelling station; in fact
these elements are principally new components or
existent components used in a new context.
Besides, few information are available about 2.
procedures and using mode of the plant. Finally,
reliability data involve an high grade of
uncertainty.

- Consequence analysis: uncertainties introduce in
this phase are due to different factors. In faut, i 3.
addition to uncertainties related to simulation of
each phenomenon, uncertainties due to accidental
scenarios that can happen have to be considered
too. In case of hydrogen release, possible scenario
are not well known, particularly if an outdoor
release is considered. Other uncertainties are
related to model input data, because of lack of
knowledge about parameters (like flame
temperature) for hydrogen substance. Finally, more

target. The output of this phase has been a report
based on a classic risk analysis for the hydrogen
refuelling station, in which a quantitative
evaluation of damage, frequency and risk have
been produced.

Analysis and setting of all uncertainties that
intervenes within consequence analysis. Analysis
of uncertainties performed concerned uncertainty
about model input data, assumptions in simulations
models and analyst's hypotheses.

Comparison of results obtained by application of
two different parameter simulation models.

In this third part, accidental scenarios
individualized have been analyzed by two different
models. So, uncertainties introduced by each
model and by input parameters have been studied
too. Damage values obtained in both case and also
risk values associated to the scenarios have been
compared and variations of risk acceptability have
been considered.

relevant uncertainties are due to approximationSeveral studies have been carried out by the other
introduced by simulation codes that are usuallyworking teams; particularly the following arguments
used, that can not correctly deal with light gaseshave been treated (the results are not relatedhign t

like hydrogen.

- Risk evaluation: as above pointed out, the lack of4.
criteria for risk acceptability, found in generak
analysis, also influences risk evaluation for
hydrogen plant; risk evaluation has a particular
importance for hydrogen plant because this news.
technology needs to determine a positive
perception in public opinion. So, risk evaluation
have to demonstrate that risk due to an hydrogen
refuelling station is minor or equal to risk 6.
associated to existent fuel refuelling station
(gasoline, natural gas station, etc.).

4 Activities

Referring to assertions reported above, activitpedo
dealt mainly with the part of risk assessment
concerning consequences and damages estimation.
Working team reviewed the consequence analysis
highlighting uncertainties associated to several
evaluations, with particular attention to some
accidental sequences, the most meaningful ones f
frequency and magnitude.

paper):

Error propagation in the models linking for
consequence analysis in order to examine how
input data uncertainties spread to output datat(Uni
of Milan);

Experimental examination about confined
hydrogen cloud explosion in order to examine the
phenomenon and to evaluate used parameter
models (Unit of Pisa);

Error propagation in the event tree analysis in
order to examine how input data uncertainties (as
failure rate) spread to output data (frequencies of
scenarios); analysis about human factors (Unit of
Rome);

Investigation about layout definition of the plamt
order to highlight uncertainties introduced in this
phase; error propagation in the fault tree analysis
(Unit of Palermo).

5 Results

%.1 Risk analysis results

The targets/steps of Turin working team activiiese  This paragraph includes the results obtained bynTur
been the followings: working team.
1. Realization of a “classic” risk analysis (without As related above, risk analysis has been orgariized
uncertainty evaluation, where actually uncertaintythe following steps:
evaluation is substituted by expert judgement and  Hazard identification (historical analysis, hazard
conservative estimations) for the case-study identification analysis - HAZID);
selected, focusing the attention on the- Eventtree analysis;
consequences analysis. - Consequence assessment.
The first phase of the activity has been theMost important results obtained by each phase of
application of the scheme of the classic riskanalysis are briefly reported in the following.
analysis, as described above, applied to the studieHistorical analysis Because of the innovative

96



SSARS 2008
Summer Safety and Reliability Semindime 22-282008 Gdaisk-Sopot, Poland

mathematical models, described in the Yellow Bobk o
TNO and implemented in Effect 4.0 software. The
refuelling station. Therefore, the historical studgs release flow rate has been estimated for both the
been led examining accidents that involved the géne hypothetical |IE, described above, considering the
hydrogen production or storage systems and alsoelease of hydrogen at 350 bar. The consequences of
gasoline/natural gas refuelling stations. both outflows have been evaluated, considering-a je
With reference to MHIDAS and HSELINE databases,fire (if hydrogen is ignited early) and a UVCE or a
102 accidental events, involving hydrogen produrctio flash fire (if hydrogen is ignited later).

or storage have been analyzed and catalogued

depending on causes (planning mistake, human errog.1.1 Vulnerability analysis and risk evaluation
damage or break of components, domino effects) etc

technology, existing accidental databases repdeiva
of specific records about accident involving hydiog

Damage values due to the different scenarios have

and consequences (flash fire, fires, BLEVE, relsase
UVCE, VCE, explosions, fireballs, etc.) of the
accidents. In the same databases, 99 acciden
happened in refuelling stations (natural gas, gaspl
have been analyzed in consideration of accidergesau
and consequences.

The following results are pointed out:

Referring to hydrogen system, the most critical

components are high pressure tanks; commonly

g

causes of incidents are human errors an
mechanical failures; incidents usually evolve in
fires and explosion and only 10% of total produces
an atmospheric  dispersion  without any
consequence.

Referring to refuelling stations, only 6 incidents
happened during refuelling of vehicles but a large
number occurred during fuel supplying to the
station; the most important causes are collisidns o

vehicles with dispenser; incidents usually produceda

only fuel release and not other consequences.

HAZID. Hazid analysis concerned hydrogen
production, storage and supplying phases. The mo
critical accidental event is the break of the piffest
transport hydrogen at high pressure near tanksiead
dispenser. Nitrogen tank collapse has been comsider
too.

Event tree analysisThis probabilistic technique has
been applied to two initiating event (IE): the hygen
release from pipes near dispenser (IE A). and anoth
near storage (IE B). It has been possible to egtirtine

frequency of scenarios which can happen from theseg

two initiating events, as reported in the followitadple.

Table 1 Occurrence frequency for scenarios due to A
and B initiating events.

. IE A IEB
Scenario (events/year) (events/year)
Jet-fire 1.92 10 3.65 10/
UVCE/Flash fire  8.62 18 9.65 10°
Dispersion 1.05 10 1.18 10°

Consequence assessmefmihe phenomena simulation
is aimed to evaluate the heat irradiation and
overpressure values following a fire or an explpsio
was performed by using simplified parameter physica
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evaluated considering the following criteria: ineth
gvent of an explosion, it was supposed that theo5%
people, which is hit by an overpressure wave higher
than 0.3 bar, dies. This hypothesis is conservative
fact Lees [4] suggests a death probability min@nth
1% about overpressure inferior to 1-2 bar. In thene

of a jet-fire, vulnerability has been consideredaddo
100% for people directly reached by the flame, evitil

as been supposed to be 5% for the people intdreste
y a heat irradiation higher than 12.5 k\¥/also this
hypothesis is conservative, if it is considered thees
proposes a lethality equal to 1% for a 10.2 kW/m
continuous for 45.2 s or more). In the event ofaat
fire, vulnerability has been considered equal t6%0
for people present in the area with a LFL conceioina

or higher.

Considering a density of people, both in the pkneta

nd near the installation, of about 5%1Qn/nf,
scenarios study produced the following evaluatién o
damage and risk values.

Sf‘able 2.Damage and risk calculated for scenarios due

to A and B initiating events.

IE End of Damage value Risk value
sequence (dead/event) (dead/year)
Jet-fire 5.30E-02 1.21E-06

A Flash fire 1.35 1.39E-05
UVCE 2.14E-01 2.20E-06
Jet-fire 9.50E-02 2.03E-06
UVCE 2.14 E-01 2.07E-06

5.2 Uncertainty in consequence analysis

Scenarios simulation has been performed by
parametric models described in the TNO Yellow Book,
by using Effects 4.0 software, as reported above.

In particular, simulations required to link several
models, so the uncertainty propagation from a mualel
the sequent one is a severe problem.

With reference to each model, uncertainties astetia
to analyst’s hypothesis, to input data and to satnoth
code approximations are synthetically pointed out i
the following.
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5.2.1 Release 5.2.3 Dispersion

In a hydrogen release simulation, uncertaintiesin a hydrogen dispersion simulation, uncertainties
introduced by analyst's hypothesis or choice camcer introduced by analyst's hypotheses or choice cancer
release location and release modes (particulamhutab particularly the choice of simulation model, beaaus
intervention or not of shut-down systems); choiée o available models are very limited in describing teal
simulation model; choice of some input data, likeep phenomenon.
length, breakage type and diameter. Considering the kinetic energy of the release het t
Applying a semi-continuous release model of gasifro prevails on atmospheric turbulence, and the low
pipe connected to vessel available in Effects,ntiost  density of hydrogen that causes a fast rise ofgte
important uncertainties introduced by model inpattad when the kinetic energy has been lost, a turbutest
are reported in the following: jet model, available in Effects, has been chosen to
- Pipe length, initial pressure and temperature, holesimulate the gas dispersion.

diameter that, as reported, depends on analyst'&pplying turbulent free jet model, the most impoita

hypotheses; uncertainties introduced by input data are:
- Pipe roughness, that depends on tube material; - Initial pressure and temperature, hole diameter tha
- Discharge coefficient, this parameter involves an  depends on analyst's hypothesis;

intrinsic uncertainty due to grade of knowledge of - Discharge coefficient, as reported in release model

its value and an uncertainty due to the holeAbout turbulent free jet model, the most important

diameter chosen by the analyst. uncertainties and approximations introduced aretdue
About modelling, the most important uncertaintiesla flow rate calculating, that depends only on initial
approximations introduced are: process is condgiderepressure and hole diameter, to the time of intehest
adiabatic and gas behaviour is considered ideal- sh is only the first instants of phenomenon; besides,
down systems can not be considered by this model. model can not evaluate cloud evolution and its

movement and obstacles can not be considered in

5.2.2 Jet-fire modelling. Finally, this model overestimates the
maximum distance reached by LFL concentration and
it does not return area corresponding to LFL
concentration.
It is important to point out that this model doest n
need other model results as input data and sonibtis
affected by uncertainties previously introduced,
differently to other dispersion models available in
Effects like Gaussian ones.

In a hydrogen jet fire simulation, uncertainties
introduced by analyst’s hypothesis or choice camcer
simulation model and, about model input data, jet
orientation.
With reference to the Chamberlain model availahle i
Effects, the most important uncertainties introdubg
input data of the model are:
- Gas flow rate: this input data is mainly affected b
release model uncertainty; .
- Release height, gas initial pressure, gas initial5'2'4 Flash fire
temperature, ambient temperature and relativdn a hydrogen flash fire simulation, the most intpat
humidity, fraction of CQin atmosphere: uncertain uncertainties introduced concern the evaluatioare
data that depend on analyst’s hypothesis; interested by LFL concentration; this parameter is
- Wind velocity: input value is uncertain because of calculated in consideration of dispersion modelltss
lack of knowledge about meteorological conditions and in consideration of analyst’'s hypothesis alaoe&a
and so it has been chosen by analyst; definition.
- Outflow angle: this data is affected by uncertainty
due to analyst's choice, considering system5.2.5 Explosion
geometric conditions.
The most important uncertainties introduced by this

model are related to idealising the flare flamepghas . )
a frustum of a cone which em?ts radiation with onif concern qu'n't'on Of. model to sf[udy the explosa]_ rd
. of some input data like the confined cloud fractim

surface emissive power; total irradiative flux is .
the explosion curve number.

described by a set of semi-empirical correlations, . . : :
which have been developed and validated against pplying the Multienergy explosion model availaine
ffects, uncertainties introduced by input paramsete

wide range of laboratory wind tunnel tests; finall . )
g y aty are reported in the following:

obstacles can not be considered by this model. _ Ambient temperature, that depends on analyst's
hypothesis;
- Exploding mass, that is affected by uncertaintfes o

About a hydrogen cloud explosion simulation, main
uncertainties due to hypotheses and choice of shaly
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dispersion model; Risk acceptability has been discussed with referéoc
- Confined fraction of inflammable cloud: this criteria proposed in the EIHP - European Integrated

parameter depends on system geometry and oRlydrogen ProjectKigure 1).

analyst’s hypothesis; As it is pointed out by values iTable 4 main
- Curve number, that depends on analyst'sdifferences between the evaluations performed cance

hypothesis; it allows to define explosion curve andflash fire and UVCE modelling. Referring to flashef

so it has a great influence on final results. differences between damage evaluation performed by
The most important uncertainties due to explosionEffects and the one performed by Phast are dubketo t
modelling concern the definition of curve number, f calculation of the area with a concentration ecual
which specific criteria are not available: thisgraeter  higher than LFL concentration. In particular, area
is the main uncertainty source of the model; beside calculated by Effects is about three times the one
steady flame speed is approximate to be constaht arcalculated by Phast software. About the UVCE, Phast
cloud is considered hemispheric, homogeneous, atodes denies that an outdoor explosion can occur,
stoichiometric concentration and ignited in thetomn taking in account release conditions and hydrogen
of cloud; finally, geometric characteristics of ®m gquantities. So differences between the two softvaaee
are only partially taken in account (confinemerddggr  more relevant.
of system). 1.0E03

1,0E-04

5.3 Comparison of parametric models results

After uncertainty analysis, the study of El A seqee
has been manage by the working team with anothe
software, called Phast (DVN), that implements othel
parameter models. In this way the team has showe
how the analyst's choice about the software is ven
important and discriminating.

Simulations performed by Phast software assumed tF

same accidental conditions previously defined fr t ", " o 1000
Effects simulations. In consideration of this, imet Number of fatalities. ()

following table damage values for all scenarios Figure 1 Societal risk curve, FN curve with ALARP
considered have been reported; Effects and Pha%gion as proposed in EIHP’Project

results are compared too.

1,0E-05

1,0E-08
o ALARP | [M

1,0E-07 A

1,0E-08

Frequency of N or more fatalities (per year)

I~

Table 3.Comparison of damage values calculated by 6 Conclusion

Effects and Phast codes. Activity performed has been aimed to highlight
End of Damage value Damage value ur_lcertainties that intervene in a clas_sic ris_k yeig)
IE (dead/event)  (dead/event) with reference to a case study of particular irgerthe
SEqUeNce  errecTs PHAST hydrogen refuelling station for automotive. The
Jet-fire 5.30E-02 4.60E-02 problem of the uncertainty of this kind of plant is
A Flash fire 1.35 5.3E-01 important because it involves an high degree of
UVCE 2.14E-01 0 newness, concerning a new technology in a new
, context.
Risk values due to damage valuesTiable 3are At present, uncertainties individualized are evtiga
reported irTable 4 in particular, studies have been focused in the
_ _ consequence assessment that contributes significant

Table 4.Comparison of risk values calculated by to the overall uncertainty of the analysis.

Effects and Phast codes and acceptability evaluatio So, the first step has been a comparison between th
End of Risk value  Risk value EIHP application of_ two different p_arametric codes,.that
sequence (deadlyear) (deadlyear) _.... allowed to point out the most important uncert@siti

EFFECTS PHAST due to analyst's hypotheses, input data and maodelli
Jet-fire 121606  1.05E-06 5o A approximations. _ ,
- To perform the next studies, apart from the congoari
Flash fre ~ 1.39E-05  5.46E-06 IELfZEE-SAL among models of different accuracy for the evatrati
Effects: A of consequences and the application of CFD codes, i

UVCE 2.20E-06 0 Phast: A will be of fundamental importance to have access to
experimental data of the simulated phenomena. That
will be possible thanks to the collaboration witiet
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other project partners and in particular with thg9] TNO, (1997). Methods for the evaluation of
working group of Pisa University which activities physical effects. “Yellow Book’Report CPR 14E
concern the experimental simulation of hydrogen (lll ed.), NL.

ignition phenomena. In the future release afto] Zimmermann, H. J. (2000)An application-
dispersion experiments will foresee. In this way oriented view of modeling uncertainty

comparison between experimental tests and computer Eyropean Journal of operational research
simulations will allow to complete the evaluatioh o 122. 190-198.

uncertainties introduced by the models. Instead the
Turin working team, in collaboration with CNR-ISAC
of Turin, is working to develop a Lagrangian padic
dispersion model for hydrogen to better study the
phenomenon.

The expected output will be the assessment of reodel
uncertainties coming from the comparison between th
experimental tests and the results of the paracnaird
fluid dynamic models, up to highlight their effecti
impact on the uncertainty in risk estimation.
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