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1 Introduction
Deliverable D4.6 is intended to summarize the agesd between partners
participating in WP 4 — Safety on numerical totéshniques and the data necessary
to perform safety analysis of relevant accidenhages. The codes and techniques
can include both multi-dimensional CFD programs singplified tools for integral
evaluation of possible consequences and damagesiafh necessary for safety
analysis consists of set of credible scenarios¢clwhas to be analysed, complemented
by corresponding initial and boundary conditions.

2 Accident scenario selection for modelling
After intensive discussions within WP 4 (includitvgp workshops dedicated to the
development of scenarios selection methodologeg)s#t of possible scenarios was
formulated (see deliverable D 4.3). All these sc&s are listed in Table 2.
Selected scenarios are separated into three gdeygending on their possible hazard
direction:
- external safety;
- customer safety;
- others (here were grouped the scenarios havingtaltéor violation of both

external and internal safety).

2.1 General approach to scenario selection

Preliminary analysis demonstrated that not allsttenarios require CFD modelling.
Some of the scenarios can be analysed using sietp{ihtegral) tools; some can be
simply excluded from the list.

Consideration of the scenarios being the membetfsecfroup ‘customer safety’
permits to omit the group from candidates for nuoaanalysis. All these scenarios,
excluding DL1, belong to the ones of minor hazasteptial. The maximum release
rates for hydrogen leaks for scenarios D6, D5, Da6s not exceed 1 g/s (see Table
1).

Table 1 Data on mass flow rates for scenarios oftistomer safety’ group

Scenario Pressure Leak size| Leakrate (g/s) Leaktea(nm/s)

D5 minor leak 350 bar 0.1 mm 0.10 g/s 1.2 nm/s
D5 major leak 350 bar 0.2 mm 0.41 g/s 5.0 nm/s
D6 minor leak 700 bar 0.1 mm 0.17 g/s 2.1 nm/s
D6 major leak 700 bar 0.2 mm 0.70 g/s 8.3 nm/s
DL10 minor leak 8 bar 0.1 mm 0.003 g/s 0.04 nm/s
DL10 major leak 8 bar 0.2 mm 0.013 g/s 0.15 nm/s

It was shown earlier that in case of small leakdgeg, Breitunget al.* simulation for
private garage with leak equal to 0.34 g/s) theceatration of hydrogen does not

L W. Breitung, G. Necker, B. Kaup, V. Veser. Numerical Simulation of Hydrogen Release in a
Private Garage, The 4th Int. Symp. On Hydrogen Power — Theoretical and Engineering
Solutions, Proceedings v. 2, 9 — 14 Sept. 2001, Stralsund, Germany, pp. 368 — 377.
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reach high enough values, at which an onset ohdéitm is possible. Therefore, the
mentioned above scenarios can be excluded frone tleomiiring detailed
consideration.

Note, that despite relative minor hazard potemtiauch accidents, the partners of
HyApproval project can recommend to perform systeranalysis of small leaks
with possible quantification of higher acceptalieits for mass flow rates and/or
hydrogen inventories.

In case D3 ‘Leakage inside dispenser enclosures,assumed that there is no
accumulation of hydrogen since its interior is mally ventilated.

All other scenarios require more detailed consitl@masince none of them could be
excludeda priori as in case of small amounts and/or small reledsae, that each of
the remaining 10 scenarios includes several vajanich as: mitigated / non-
mitigated scenario development, wind / no windrage pressure 35/ 70 MPa for
compressed hydrogen, etc. The total number of aasesxceed 50 and cannot be
analysed in their completeness in the frames o€tneent project.

Since the project DoW foresees calculations of athbicases only, the partners

decided to share their work in accordance withrthemerical capabilities, experience

and relevant importance of selected for simulasicenarios.
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Table 2 List of possible scenarios

Ref Description
Rupture of dispensing line
D4 | (flexible hose),
Rupture of H2 buffer storage
S1 |output line,
Burst of hydrogen storage
S8  |tank,
Rupture of NG feed line insid
PR1 |production container,
Trailer hose disconnection
T1 |during refilling
DL8 | Shear of the hose line,
Leakage after discharge whe
TL1 |decoupling (hydrogen source
not isolated),
SL3 Below ground storage failure
(with vault),
D6 Leakage at nozzle during

1)

Custo Non Refuelling
mer | Other Phenomena . Mitigated station Remarks
mitigated
safety class
Compressed, ... _.. &
Jet fire & explosion  YES YES | 350 and 70( M't'g;lt'on. shall reduce releage
bar uration and quantity
Compressed, ,... .. &
Jet fire & explosio  YES YES | 350 and 70( M't'gj‘“on. shal (rjeduce release
bar uration and quantity
Burst (overpressure)  Not Not Compressed Bursfo?égt?fntevr;m Ei:gt of
& missiles applicable| applicable| 700 bar P .
considered.
. Not Not Explosive atmosphere insid
Explosion applicable | applicable Compressed container.
Is likely to be more severe
, . Compressed than D4. Mitigation shall
Jetfire & explosion YES YES 250 bar reduce release duration and
guantity
: . - Mitigation shall reduce release
Fire & explosion YES YES Liquid 8 bar duration and quantity
Is likely to be more severe
Fire & explosion YES YES Liquid 11 than DL8. Mitigation _shaII
bar reduce release duration and
guantity
: . - Mitigation shall reduce release
Fire & explosion YES YES Liquid 8 bar duration and quantity
Explosion & NO YES Compressed
Page 84f FzK
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Exter Non Refuelling
Ref Description nal Phenomena o Mitigated station Remarks
mitigated
safety | safet class
refuelling, standing flame 350 and 700
bar
Explosion & Compressed
D5 Hole in dispensing line P NO YES | 350 and 70(
standing flame bar
D3 Leakage inside dispenser Explosion Not Not Compressed
enclosure relevant | relevant
DL1 Leakage at nozzle during Explosion NO YES Liquid 8 bar
refuelling
DL10 | Hole in dispensing line Explosion NO YES Liquid 8 bar
Compressed
s7 Relegse of hydrogen through Explosion & jet fire Not Not 350 and 70¢
vent line relevant | relevant bar
SL1 Relea}se of hydrogen through Explosion & jet fire Not Not Liquid 8 bar
vent line (loss of vacuum) relevant | relevant
Deliverable 4.6, Version 1.2, 15 May 2007 Page 84f FzK




WP4 HyApproval — Agreement on prerequisites for etinal safety analysis

2.2 Leak rates and hydrogen inventory in accident condions

Since the hazard potential of the accident scemagtrongly dependent on leakage
release and resulting total inventory of hydrogenich can be involved into
combustion and explosion process, these data &enely important for the accident
scenario evaluation and ranking.

Based on long-term experience of industrial pagmerolved in the HyApproval
project, the knowledge of possible leaks, detdilnitigation measures and expertise
in refuelling technique and equipment permittedeéine credible required initial and
boundary conditions for the selected scenariosicBypata which are necessary for
calculations (excluding geometrical layout confafions) are the following:

- mass flow rate of the leak;

size (diameter for pipe ruptures) of the leak;

- internal pressure of the leaking vessel or masscitglat the opening;
- time of isolation for mitigated scenarios;

- data or indications on hydrogen inventory;

- peculiarities of leak, e.g., flow obstructions Wlalirection, active or passive
ventilation, etc.

- ambient conditions, i.e. wind speed and wind dioect

Results of leak details for the selected scenanesummarized in Table 3.
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Table 3 List of accident scenarios, data requiredofr simulations and leakage data

Ref

Description

Phenomena

Non
mitigated

Mitigated

Necessary data

Input from Industry

D4

CGH2 dispenser: Rupture of
dispensing line (flexible hose

,Jet fire & explosion

YES

YES

Hose internal diameter
Time for isolation
(mitigated scenario)
Inventory to be release

35 MPa

= 6 mm ID for cars; 11 mm
ID for buses

= [solation within 2 s (excess flow
valves fitted)

=  Assume less than 0.1 kg releas
(both cases)

70 MPa

d= 6 mm ID for cars; 11 mm ID for
buses

= [solation within 2 s (excess flow
valve fitted)

= Assume less than 0.15 kg
released (both cases)

S1

Rupture of CGH2 buffer
storage output line,

(e.g. underground line from
CGH2 storage or cascade
priority panel to dispenser)

Jet fire & explosion

YES

YES

Pipe internal diameter
Time for isolation
(mitigated scenario)
Inventory to be release

= 13mm ID

» Assume contents of line is lost
35 MPa (max WP 43.8 MPa)
Length of line 20 — 75 m

0.25 kg H2 for a 20 m U/G line
170 MPa (max WP 87.5 MPa)
Length of line 20 — 75 m

0.4 kg H2 for a 20 m U/G line

S8

Burst of CGH2 hydrogen
storage tank,

Burst (overpressure

& missiles

) Not

applicable

Not

applicable

Pressure vessel volume

| Options could be:

= 50L standard industrial cylinder

Deliverable 4.6, Version 1.2, 15 May 2007
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th

I Non "
Ref Description Phenomena mitigated Mitigated Necessary data Input from Industry
= 90 L composite cylinder
*= 6 m pressure vessel
= 10 m pressure vessel (worst ca
0.767 m e.g., ASME
- Pressure for compressor
_ NG pressure inlet / outlet: 2.3/ 16.0 barg
Steam reformer: Rupture of NG line i | Line id f
NG feed line inside production . Not Not G line interna - -Ineldforcompressor
PR1 . Explosion . . diameter inlet / outlet: approx. 20 /12
container, applicable| applicable
Volume of hydrogen mm
production casing - Volume of hydrogen
production casing: 135 m3
CGH2 trucked-in trailer hose Hose internal diameter _
disconnection during discharg _ _ fI(_)w restr_lctlon_ = Hose ID: 12.5 mm
T1 (200 — 250 bar) Yet fire & explosion YES YES Time for isolation = Assume all contents lost
(mitigated scenario) = 250 kg H2 released
Inventory to be released
E:);Seshr:;ernal diameter |, - _ g 1 hose ID
DLS8 LHi2 d!spenser: Shear of the Fire & explosion YES YES Time for isolation i Press_ure_: 3._.8 bar
hose line, (mitigated scenario) = |solation: within 5 s
g = Contents: 0.16 kg LH2
Inventory to be released
Hose internal diameter
LH2 tanker discharge hose: flow restriction * Hose ID: 22.5 mm
TL1 Leakagg after discharge when Fire & explosion YES YES P_ressure. _ . Ma>§ WP pressure: 11 bar
decoupling (hydrogen source Time for isolation = 4 min
not isolated), (mitigated scenario) = 100 kg LH2 estimated
Inventory to be released
Vault dimensions = exposed vault area is: 4.6 m dep
SL3 LHZ Belo_w ground storage Fire & explosion YES YES Leak orifice x 5.6 m width x 10.4 m long
failure (with vault), o .
Inventory to be releaseg= Orifice of 0.2 mm id
Deliverable 4.6, Version 1.2, 15 May 2007 Page 94f FzZK
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IS

a

I Non "
Ref Description Phenomena mitigated Mitigated Necessary data Input from Industry
» 100 L of LH2 released
D6 CGH2 (35 & _70 MPa) L_eakage Epr(_)S|on & NO YES Leak equivalent orifice Mm_or Ieakagei 0.10 mm ID
at nozzle during refuelling, standing flame Major leakage: 0.20 mm ID
D5 C_GH2 (35 & 70 MPa) Hole in Explc_)smn & NO YES Leak orifice Mlnor Ieakagei 0.10 mm ID
dispensing line standing flame Major leakage: 0.20 mm ID
CGH2 (35 & 70 Mpa) Leakage , Not Not Volume of dispenser |[1.5Hx 1.0L x 0.6 W (NB: cabine
D3 o . Explosion .
inside dispenser enclosure relevant | relevant enclosure are ventilated)
LH2 Leakage at nozzle during : . . Minor leakage: 0.10 mm ID
DL1 refuelling (12 Bar max WP) Explosion NO YES Leak equivalent orifice Major leakage: 0.20 mm ID
] - L . o Minor leakage: 0.10 mm ID
DL10 |LH2: Hole in dispensing line Explosion NO YES Leak orifice Major leakage: 0.20 mm ID
= 12.5 mm ID orifice leading to a 25
mm ID vent line with discharge at
CGH2 Release of hydrogen . I Not Not Vent orifice least 3 m high above ground leve
S7 . Explosion & jet fire
through vent line relevant | relevant Inventory to be release@ Assume worst case release from
PV buffer cylinder; 25 kg H2 at
420 bar
= 17 mm ID orifice leading to a 50
mm ID vent line with discharge
at least 8 m above ground level;
(discharge is as gaseous phase
LH2 Release of hydrogen 3 u Ass.ume LH2 tank pressure of 10
SL1 |through vent line (loss of Explosion & jet fire Not Not Vent orifice bar; .
relevant | relevant Inventory to be released =worst case is 3,300 kg of LH2
vacuum) ;
(e.g., BP’s u/g LH2 tank)
mexpected case; assume 50 kgs
LH2
(1 kg LH2 =850 L GH2)
Deliverable 4.6, Version 1.2, 15 May 2007 Page f1®40 FzZK
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3 Selection of cases for simulation. Partition of moelling
work

An event sequence of any accident scenario inclagesnber of individual
phenomena. For example, a typical scenario of aotiith hydrogen can include the
following chain of events: formation of a sourceHf mixing with air and formation
of flammable mixture (a cloud or a volume filledtvimixture), ignition of such
mixture, combustion, flame acceleration, fast agfiéion, deflagration-to-detonation
transition, and detonation.

For successful simulation of such sequence of svertriety of modern numerical
tools with highly qualified personnel is required.

3.1 Simulation capacities of project partners

The partners of the project have a number of speethcodes targeted to simulation
of different stages in development of accident.l@dbsummarises an availability of
the numerical tools both multi-dimensional CFD andplified (integral) together
with partners’ expertise in the area of industsefety.

Table 4 Numerical tools available for simulationsfom project partners

Partner|Code CFD/integral/other |Applicability area
CEA |CAST3M CFD [Dispersion & combustion
(deflagration, detonation)
SPHERE-1D Simplified 1D Combustion (deflagration,
spherical combustiojdetonation)
FLUENT CFD [Dispersion
FZK |GASFLOW CFD [Distribution/mixing
mitigation devices
COM3D, FLAME3D, Combustion at different
DET3D regimes,
detonation, combustion
mitigation
INERIS|PHOENICS, CFD Release, mixing and
ARIARISK distribution
NCSROADREA-HF CFD [Release, mixing and
distribution
mitigation (venting, water
spraying)
GAJET Integral [Discharge from CGH2 system
JRC |REACFLOW CFD Combustion
combustion mitigation
ET FLUENT, CFD Diffusion/mixing
KAMELEON Fire-EX Combustion; mitigation

Deliverable 4.6, Version 1.2, 15 May 2007 Page f1340
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Examination of the probable scenarios shows thttarcourse of development of all

of them the explosion processes can occur. To aepacenarios depending on

expected hazard and possible damages one cargdistir8 groups of scenarios:

- scenarios with small Hnventory: mass of pi< 1 kg (D4, S1, S8, DL8)

- scenarios with medium Hnventory: mass of p= 25 — 100 kg (PR1, T1, TL1,
S7,SL1)

- scenarios with large Hnventory: mass of p> 100 kg (T1, SL1).

Of course, not all of them have the same hazarengiat; however for the exhaustive
Risk Assessment (RA) the data on combustion antbsigm processes for all these
cases should be available.

3.2 Share of simulation efforts

As it was already mentioned only 15 cases werengldrfior simulation. To obtain
representative results, partners agreed to persormlation of the scenarios for each
of three groups. It was decided not to consideeffects of different surroundings
(city, free field, motorway), which were foreseaitially, for the sake of higher
coverage of scenario variations.

In summer 2006 the results of the tests on protcdypefuelling station performed by
Shell Hydrogen B.V. and HSL were published. To @ase reliability and
trustworthiness of the predictions of simulatiahsyas decided broadly perform
simulation of one of the cited experiments, with #im to demonstrate abilities of the
partners codes to achieve high reproducibility>gdeximental results and therefore
their ability to predict development of consideeatidents. The partners agreed to
replace original scenario D4 by one of the refetestis. Here and below this test will
be referenced as D4. Details on initial and boundanditions can be found in
Section 4.1.

In Table 5 a work share between partners is sunzetriET, CEA and FZK plan to
model D4 scenario, which corresponds to one akjetase HSL - Shell experiments.
NCSRD and JRC concentrated on scenarios with gaation of liquid hydrogen:

DL8 and TL1. ET and FZK are also planning to coesidrge-scale accident (250 kg
of Hy) scenario T1. CEA additionally will consider scena S8 and PR1 using their
integral (non-CFD) tools.

In the last column ‘Modelling work’ showing whiclages which partner will simulate,

the following notations and abbreviations are used:

- Leading D or C followed by semicolon is used tdidguish ‘Dispersion’
simulation from ‘Combustion’;

- Letter M means ‘mitigated’ case;

- m - ‘non-mitigated’ case;

- W — case with wind;

- W — case without wind;

- 350 — case with 35 MPa pressure;

- 700 — case with 70 MPa pressure.

Deliverable 4.6, Version 1.2, 15 May 2007 Page f1240 FzK
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Table 5- Project partners participation in the simuations for different scenarios

C
us
Exte | to o
Ref Description mal | m th Mar | Pheno _l_\lon Mitigated Refuellmg Remarks Wind Proposed tool Modelling work
safet| er er k | mena | mitigated station class effect
y |sa
fe
ty
. e D: ET (M, n, W, w, 350, 700)
D_lsper Mitigation shall D : CEA (M, m, W, 350, 700)
sion & YES YES reduce release YES, .
Rupture of : CFD D : FzZK (M, m, w, 350, 700)
. L Explos| (70 MPa) | (35 MPa) | Compressed duration and | 5 m/s .
p4 | dispensing line 36 | ion 350 and 700,  quantit C: CEA (M, m, W)
(flexible hose), bar ! ’ C: FZK (M, m, w, pre-mixed)
Jet Not ‘Basic”
Fire YES necessar No | calculation sprea -
y sheet / 1D mode
Burst Burst of one
Burst of (overp p i
hydrogen storag ressure Not Not Compressed tank. E_ffect of Ba_tsm
S8 tank 54 )& aoplicable | applicable 700 bar protection wall| No | calculation sprea C: CEA (non-CFD)
’ oy PP PP to be sheet / 1D mode
missile .
S considered.
Rupture of NG Explosive
feed line inside Not “Basic” .
PR1 | production 36 E)_(plos Not Not Compressed atr_no§phere releva | calculation sprea C: CEA (non-CFD)
. ion applicable | applicable inside
container X nt sheet / 1D mode
container.
Deliverable 4.6, Version 1.2, 15 May 2007 Page fi340 FzK
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C
us
Exte | to o
Ref Description mal | m th Mar | Pheno _l_\lon Mitigated Refuellmg Remarks Wind Proposed tool Modelling work
safet| er er k | mena | mitigated station class effect
y |sa
fe
ty
Is likely to be
Disper more severe D: ET (M, m, W, w)
sion & than D4. | ypq D: FZK (m, w)
Trailer hose YES YES Mitigation shall ' CFD : ’
. : Explos 5m/s C: FZK (m, w)
T1 disconnection 54 ion Compressed reduce releass
during refilling 250 bar duration and
quantity
“Basic”
FJifé YES neclz\leostsar No | calculation spread -
y sheet / 1D mode
Disper
sion & itoati YES D: NCSRD (M, m, W, w)
YES YES Mitigation shall ' CED _ LAY
Shear of the hos Explos o reduce releasg 5 M/s C:JRC (M, m, W, w)
DL8 | 36 | ion Liquid 8 bar :
line, duration and
Ppol YES YES quantity No 1D model for heat )
fire loads
Disper Is likely to be
sion & more severe | YES, D: NCSRD (M, m, W, w)
'(Ij'_anker ina li Explos YES YES than DL8. 5m/s CFD C:JRC (M, m, W, w)
TL1 | 9ISPeNnsing fine 54 | ion Liquid 11 bar| Mitigation shall
disconnection reduce releasd
during refuelling Ppol YES YES duration and No 1D model for heat i
fire . loads
quantity
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4 Initial and boundary conditions. Specification of
Refuelling Station layout

The choice of geometrical environment for simulatid the explosion process is of

major importance, as it can often establish theaztiar of the explosion, its strength

and possible consequences. At the beginning dfithelations the generic Refuelling

Station (RS) layout (which has to be developed PIJWas not finalized, it was

decided to use model layouts based on the followmogptypes:

- For simulations of scenarios D4 and DL8, the layafughell - HSL jet release
experiments;

- For simulations of scenarios T1 and TL1, the laymaged on Washington DC
refuelling station storage / transport area;

- For simulations of scenarios S8 and PR1, there iseed in surroundings details
due to 1D (0OD) character of calculations — no layassumptions.

4.1 Cases D4 and DL8

In the experimentsinitiated by Shell, aimed to study hazard potértimociated with
deflagration of high-pressure leaks from hydrogehiele refuelling systems, the
conditions, which were very close to those of sdesawith dispenser failure, were
used.

Quioting the referred wofk“In this case study, the main components of agkifig
station were reproduced, albeit in a simplified astolist form. The refuelling station
was represented by a dummy vehicle and two dispgn&eonfining wall was also
used to represent either a large vehicle alondbleispensers or an actual walhe
need for a canopy over the refuelling station vegsated because it would not
significantly alter the development of a deflagratamong the congestion within 2.5
m of the ground.”

Thus, the possibility to use experimental dataafdditional validations of dispersion
and combustion simulations, from one side, andretss and simplicity (what is
important also for interpretation of simulationuks), from other side, determined our
choice of RS layout in favour of Shell / HSL tesés

The referred study included two types of experiraeptemixed and jet release
experiments. In the first type the configuratiomg(ffe 1) was fitted within a region
5.4 m x 6.0 m x 2.5 m (high) delineated by a fraraeered in a thin plastic film so
that the components could be enveloped in a honsagenhydrogen—air clouds to
determine the ‘worst-case’ deflagration overpressuiThe mixture concentration
chosen was optimal to generate the highest ovesyres

In the second type the configuration (Figure 2) alasost the same: the frame was
removed and the dispensers were slightly disloc@eter of 10 cm). The changes in

%L C Shirvill and T A Roberts, 2006, Designing for Safe Operations: Understanding the
Hazards Posed by High-Pressure Leaks from Hydrogen Vehicle Refuelling Systems, National
Hydrogen Association Annual Hydrogen Conference, March 12-16, 2006.
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layout details were accepted to be negligible efoee further we will not distinguish
between them.

.;!-“"J'II H—_ﬂ,:q .
-,H“..hnl! bi s

[ 22.09.2005
L N o L f G e 4 H-'.'

AR

Flgure 1 View of refuelling station model used in ppmixed experiments. Plastic film
covering the frame is not shown

Figure 2 View of refuelling station model used ingt release experiments. Comparison
with real car
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411 Geometry

DispensersThe two simulated hydrogen dispensers were 0.6009 xn x 2.1 m high
steel boxes that were flanged at the bottom sahiegtcould be bolted to the concrete
pad. The internal volume of each dispenser was.6.nT and the external volume

ca. 1.13 m
ﬁ 0.7m
e i Iy
o
Cr A =
A = =
g 3
Ei Y
™ I I i A 4 \—‘
oF JO : L L e
om
3.8m 04”?
B -

Figure 3 Model of vehicle used in experiments

0.81

Figure 4 Model of vehicle for simulations

Vehicle. The vehicle was fabricated from a framework of XQIDO x 8 mm square
hollow section (SHS) steel. This was clad in 6 rhimk mild steel in the sides and top
of the “passenger” section (1.7 m wide, 1.3 m lagd 3.8 m long) and 8 mm thick
plate for the “engine bay” section (1.7 m wide, lh&igh and 0.7 m long) and the
bottom of the “passenger” section. The “passengection was sealed at the bottom
(i.e. no gas could get in) and reinforced with Sii&s members. The “engine bay”
section left open at the bottom so it could filthvgas. Two lengths of SHS braced the
end of the “engine bay” against the top of the §emgier compartment. The welded
assembly was raised 0.3 m off the ground by 0.3gh $upports made from two 0.1
m steel box sections welded to L-section represgmtineels. The vehicle was bolted
to the concrete pad through the outer part of éaséction. The total volume (i.e. the
volume where no hydrogen can enter) of the vehies 8.56 m A diagram of the
vehicle for simulations is shown in Figure 4.

Wall. The 4.8 m high, 5.4 m long wall is constructedrfr.60 x 0.60 x 1.80 m
concrete blocks.
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Frame.The refuelling rig is surrounded by a 5.4 x 6.2.% m frame made from 25
mm square hollow section steel. The frame was tuipeagainst the wall. In the
series of premixed experiments the frame and tbts&dmuof the wall were covered
with a thin (23um) plastic film, similar to cling film. The film waheld to the sides of
the frame by using spray-on contact adhesive. HEpebgtween the bottom of the
frame and the concrete pad was filled with expagg@iolyurethane foam to minimise

gas leakage.

4.1.2 Hydrogen source and ignition location

Details of hydrogen injection are shown in Figuransl Figure 8. In Figure 8 the
location of H injection is designated with marker ‘R1’. It icckted in the middle

between dispenser and vehicle.
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Figure 5 Fuel and air outlet positions and gas seaspositions

The time history of pressure (PVVP2) in the vegsdéiating dispenser and
temperature at dispenser nozzle (TPVT5) are predentFigure 6.

Taking into account the differences between repkarental conditions and

theoretically expected ones (listed in Table 3)haee corrected leakage data for

scenario D4, which were accepted as being repraducie experiment:

- source 600 g of hydrogen during 0.7 s, temperatR@e°C at nozzle by 35 MPa
inside (mitigated case);

- source mass flow rate 100 g/s of hydrogen durisgt@mperature at nozzle
—20 °C by 70 MPa inside (mitigated case);

- source mass flow rate source 100 g/s permaneathperature at nozzle —20 °C
by 70 MPa inside (non-mitigated case);
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- source mass flow rate source 100 g/s permaneathpérature at nozzle —20 °C
by 35 MPa inside (non-mitigated case).
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Figure 6 Pressure and temperature transducers recding in jet release experiments

41.3 Transducerslocations

In Figure 7 and Figure 8 the positions of transdsiead location of ignition point are
shown. Figure 7 illustrates the layout of premixeals. Ignition point in these tests is
located on middle line between dispensers. It spwads to location ‘S3’ in Figure 8.
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Figure 7 Pressure sensor and ignition positions fgeremixed trials
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Figure 8 outlines the arrangement of jet releagpements. Ignition point in these
trials is located underneath the ‘engine bayhefnodel vehicle and is designated
with symbol ‘S2'.
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Figure 8 Pressure sensor and ignition positions fget release trials

42 CasesTlandTL1

The layout of storage / transport area of RS talseprototypical for simulation of
scenarios T1 and TL1 is based on the Hydrogen Rieig&tation (HRS) situated at
Washington DC. This layout was chosen becausehibég all characteristic features
of known RSs and the geometrical data (dimensieqgsipment, layout, even
drawings, etc.) were made available to the partimeitse HyApproval project.
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In Figure 9 and Figure 10, sketches showing allartgmt equipment with their mutual
arrangement for a liquid Hefuelling station are given. This layout will beed for
the simulation of the TL1 case and is based onHRE situated at Washington DC.

Figure 10 LH2 Refuelling Station Side View
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The following tableFehler! Verweisquelle konnte nicht gefunden werdenshows

the geometrical data of the liquid Kefuelling station. The equipments are presented

as boxes and cylinders. The coordinates of therléefiecorner and the size of each
box are given while for each cylinder the coordasatf its centre and the diameter
and size are given.

Table 6 LH2 Refuelling Station Geometrical Data

Position of the lower left corner Size

X (mm) Y (mm) Z (mm) X (mm) Y (mm) Z (mm)

1 | Existing building -12388.0 6388.0 0.0 12888.0 12888.0 3500.0
2 | Storage tube 9464.0 10602.0 100.0 4232.0 2438.0 2000.0
3 | Compressor tube 9352.0 4612.0 100.0 6156.0 2462.0 2400.0
4 | Concrete wall (part 1) 500.0 14093.0 0.0 1346.0 300.0 2400.0
5 | Concrete wall (part 2) 2760.0 14093.0 0.0 14572.0 300.0 2400.0
6 | Dispenser 14748.0 14705.0 0.0 900.0 600.0 2400.0
7 | Fence 1 450.0 0.0 0.0 50.0 6388.0 2438.0
8 | Fence 2 500.0 3838.0 0.0 16832.0 50.0 2438.0
9 18618.5 18300.5 512.0 2438.0 964.5 2683.0
10 18618.5 17080.0 1081.0 2438.0 1220.5 2114.0
11 18618.5 14540.5 577.0 2438.0 2679.0 504.0
12 | Parts of LH2 truck- 18618.5 2665 1081.0 2438.0 13410.0 371.0
13 | trailer 18618.5 8940.5 706.0 2438.0 4519.0 375.0
14 18618.5 7640.5 706.0 2438.0 219.0 375.0
15 18618.5 6340.5 706.0 2438.0 219.0 375.0
16 18618.5 2665.0 706.0 2438.0 2594.5 375.0
17 | Sliding gate 17349.0 2000.0 0.0 4572.0 100.0 1500.0
18 | Gate 1846.0 14093.0 0.0 914.0 100.0 1500.0
19 | Fence 3 21921.0 3838.0 0.0 1154.0 50.0 2438.0

Position of centre Diameter Length
20 | H2 tank 15203.0 9370.0 37.5 2272.0 75.0
21 | Bollards 1200.0 15468.0 500.0 150.0 1000.0
22 2569.0 15468.0 500.0 150.0 1000.0
23 3938.0 15468.0 500.0 150.0 1000.0
24 5307.0 15468.0 500.0 150.0 1000.0
25 6676.0 15468.0 500.0 150.0 1000.0
26 8045.0 15468.0 500.0 150.0 1000.0
27 9414.0 15468.0 500.0 150.0 1000.0
28 10783.0 15468.0 500.0 150.0 1000.0
29 12152.0 15468.0 500.0 150.0 1000.0
30 13521.0 15468.0 500.0 150.0 1000.0
31 14890.0 15468.0 500.0 150.0 1000.0
32 16259.0 15468.0 500.0 150.0 1000.0
33 17628.0 15468.0 500.0 150.0 1000.0
34 17679.0 15250.0 500.0 150.0 1000.0
35 17679.0 13881.0 500.0 150.0 1000.0
36 17679.0 12512.0 500.0 150.0 1000.0
37 17679.0 11143.0 500.0 150.0 1000.0
38 17679.0 9774.0 500.0 150.0 1000.0
39 17679.0 8405.0 500.0 150.0 1000.0
40 17679.0 7036.0 500.0 150.0 1000.0
41 17679.0 5667.0 500.0 150.0 1000.0
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42 17679.0 4298.0 500.0 150.0 1000.0
43 19837.5 9370.0 2671.0 2438.0 13410.0
44 18787.5 17760.0 540.5 1081.0 338.0
45 20887.5 17760.0 540.5 1081.0 338.0
46 18787.5 14000.0 540.5 1081.0 338.0
47 20887.5 14000.0 540.5 1081.0 338.0
48 tFr’:irlteSrOf LH2 truck- 187875 8400.0 5405 1081.0 338.0
49 20887.5 8400.0 540.5 1081.0 338.0
50 18787.5 7100.0 540.5 1081.0 338.0
51 20887.5 7100.0 540.5 1081.0 338.0
52 18787.5 5800.0 540.5 1081.0 338.0
53 20887.5 5800.0 540.5 1081.0 338.0
______________________________________________ 1_ Sliding gate
Doub é/
le LH2 Delivery Tanker H
12 m lona x 2.5 m wide x 3 E
LH2 refill /V"-\ LH2 storage :
N
\
LH2 N
Disnen: N Fence

Concrete wall
2 m hiat

tube ghk
I LH2 Storage .

Ma CGH2 Storaat Compressors
N (RIX &

System
Contro

Figure 11 Sketch of simplified layout for liquid hydrogen storage / transport area
based on Washington HRS

In Figure 12, a sketch showing all important equeptwith their mutual arrangement
for gas H refuelling station is placed. This layout will bsed for the simulation of
the T1 case and it is based on theéfuelling station at Luxembourg.

Fehler! Verweisquelle konnte nicht gefunden werdershows the geometrical data
of the CGH refuelling station main components. Again, eaamgonent is
represented as box or cylinder.

Fehler! Verweisquelle konnte nicht gefunden werdershows the geometrical data
of the lean-to roofs for weather protection of @@H, station. Two lean-to roofs exist
in the layout, one for the buffer storage and amdtie compressor module. Each roof
consists of two parts with two surfaces eachzehler! Verweisquelle konnte nicht
gefunden werdenthe coordinates of the 4 points of each surfaegegsented.
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Figure 12 CGH2 Refuelling Station Side View (Luxemburg refuelling station)

Table 7 CGH2 Refuelling Station Geometrical Data (rain components)

Position of lower left corner Size

X(mm) | Y(mm) | Z(mm) [ X(mm) | Y(mm) [ Z(mm)

1 | Buffer storage bundle 1 12830 16290 0.0 2000 1000 2000
2 | Buffer storage bundle 2 16910 16290 0.0 2000 1000 2000
3 | Buffer storage bundle 3 20940 16290 0.0 2000 1000 2000
4 | Buffer storage bundle 4 12830 13040 0.0 2000 1000 2000
5 | Buffer storage bundle 5 16910 13040 0.0 2000 1000 2000
6 | Buffer storage bundle 6 20940 13040 0.0 2000 1000 2000
7 | Buffer storage block wall 1 12830 14990 0.0 10330 300 2000
8 | Buffer storage block wall 2 15830 15290 0.0 300 1850 2000
9 | Buffer storage block wall 3 19860 15290 0.0 300 1850 2000
10 | Buffer storage block wall 4 15830 13140 0.0 300 1850 2000
11 | Buffer storage block wall 5 19860 13140 0.0 300 1850 2000
12 | Compressor 28600 15200 0.0 2400 1000 1000
13 | Unloading station 1 21460 19300 600 1130 1040 1200
14 | Unloading station 2 26960 19300 600 1130 1040 1200
15 | Unloading station 3 32460 19300 600 1130 1040 1200
16 | Part of entrance gate 1 17170 40550 0.0 450 450 2000
17 | Part of entrance gates 2&3 23630 40550 0.0 450 450 2000
18 | Part of entrance gates 4&5 30090 40550 0.0 450 450 2000
19 | Part of entrance gate 6 36550 40550 0.0 450 450 2000
20 | Part 1 of concrete wall 37000 3000 0.0 200 13700 2000
21 | Gate 37000 16700 0.0 15 2000 1800
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22 | Part 2 of concrete wall 37000 18700 0.0 200 22300 2000
23 | Fence 1l 3000 2985 0.0 34000 15 2000
24 | Fence 2 2985 2985 0.0 15 38015 2000
25 | Fence 3 3000 40985 0.0 14170 15 2000
26 | Entrance gate 1 17620 41000 0.0 3005 15 2000
27 | Entrance gate 2 20625 41000 0.0 3005 15 2000
28 | Entrance gate 3 24080 41000 0.0 3005 15 2000
29 | Entrance gate 4 27085 41000 0.0 3005 15 2000
30 | Entrance gate 5 30540 41000 0.0 3005 15 2000
31 | Entrance gate 6 33545 41000 0.0 3005 15 2000
32 20686 34512 380 2438 1374 620
33 20686 22320 1385 2438 12192 1975
34 ) 20686 22320 1000 2438 13566 385
35 | Pans of railer 1 20686 | 25680 380 | 2438 | 5530 620
36 20686 33262 380 2438 250 620
37 20686 24430 380 2438 250 620
38 26124 35886 1000 2438 1860 1860
39 26124 36886 500 2438 860 500
40 26124 34512 380 2438 1374 620
41 ) 26124 22320 1385 2438 12192 1975
4 | Parts of truck-trailer 26124 | 22320 1000 | 2438 | 13566 385
43 26124 25680 380 2438 5530 620
44 26124 33262 380 2438 250 620
45 26124 24430 380 2438 250 620
46 31562 34512 380 2438 1374 620
47 | Parts of trailer 2 31562 22320 1385 2438 12192 1975
48 31562 22320 1000 2438 13566 385
49 31562 25680 380 2438 5530 620
50 31562 33262 380 2438 250 620
51 31562 24430 380 2438 250 620
Position of centre Diameter Length
52 20832.5 34012 500.0 1000 293
53 21125.5 34012 500.0 1000 293
54 22977.5 34012 500.0 1000 293
55 22684.5 34012 500.0 1000 293
56 20832.5 32762 500.0 1000 293
57 21125.5 32762 500.0 1000 293
58 22977.5 32762 500.0 1000 293
59 ) 22684.5 32762 500.0 1000 293
go | Tars of trailer 1 208325 | 25180 | 500.0 1000 203
61 21125.5 25180 500.0 1000 293
62 22977.5 25180 500.0 1000 293
63 22684.5 25180 500.0 1000 293
64 20832.5 23930 500.0 1000 293
65 21125.5 23930 500.0 1000 293
66 22977.5 23930 500.0 1000 293
67 22684.5 23930 500.0 1000 293
68 | Parts of truck-trailer 26270.5 36386 500.0 1000 293
69 26563.5 36386 500.0 1000 293
70 28415.5 36386 500.0 1000 293
71 28122.5 36386 500.0 1000 293
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7 262705 | 34012 | 500.0 1000 293
73 265635 | 34012 | 500.0 1000 293
72 284155 | 34012 | 500.0 1000 293
75 281225 | 34012 | 500.0 1000 293
76 262705 | 32762 | 500.0 1000 293
77 265635 | 32762 | 500.0 1000 293
78 284155 | 32762 | 500.0 1000 293
79 281225 | 32762 | 500.0 1000 293
80 262705 | 25180 | 500.0 1000 293
81 265635 | 25180 | 500.0 1000 293
&2 284155 | 25180 | 500.0 1000 293
83 281225 | 25180 | 500.0 1000 293
P 262705 | 23930 | 500.0 1000 293
g5 265635 | 23930 | 500.0 1000 293
86 284155 | 23930 | 500.0 1000 293
87 281225 | 23930 | 500.0 1000 293
88 317085 | 34012 | 500.0 1000 293
89 320015 | 34012 | 500.0 1000 293
90 338535 | 34012 | 500.0 1000 293
o1 33560.5 | 34012 | 500.0 1000 293
92 317085 | 32762 | 500.0 1000 293
93 320015 | 32762 | 500.0 1000 293
94 338535 | 32762 | 500.0 1000 293
95 33560.5 | 32762 | 500.0 1000 293
g6 | Parts of railer 2 317085 | 25180 | 500.0 1000 293
97 320015 | 25180 | 500.0 1000 293
98 338535 | 25180 | 500.0 1000 293
99 33560.5 | 25180 | 500.0 1000 293

100 317085 | 23930 | 500.0 1000 293

101 320015 | 23930 | 500.0 1000 293

102 338535 | 23930 | 500.0 1000 293

103 33560.5 | 23930 | 500.0 1000 293

Table 8 CGH2 Refuelling Station Geometrical Data (ith lean-to roofs for weather protection)

X (mm) Y (mm) Z (mm)
1 12830 13040 3600
2 23160 13040 3600
B Buffer storage Lean-to roof surface 1 53160 15140 3300
4 12830 15140 3300
5 12830 13040 3300
6 23160 13040 3300
- Buffer storage Lean-to roof surface 2 53160 15140 800
8 12830 15140 2800
9 12830 15140 3300
10 23160 15140 3300
1 Buffer storage Lean-to roof surface 3 53160 17290 3600
12 12830 17290 3600
13 | Buffer storage Lean-to roof surface 4 12830 15140 2800
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14 23160 15140 2800
15 23160 17290 3300
16 12830 17290 3300
17 27300 13800 2250
18 32300 13800 2250
1o Compressor Lean-to roof surface 1 32300 15700 5500
20 27300 15700 2500
21 27300 13800 2000
22 32300 13800 2000
7 Compressor Lean-to roof surface 2 32300 15700 550
24 27300 15700 2250
25 27300 15700 2500
26 32300 15700 2500
7 Compressor Lean-to roof surface 3 32300 17600 550
28 27300 17600 2250
29 27300 15700 2250
30 32300 15700 2250
3l Compressor Lean-to roof surface 4 32300 17600 5000
32 27300 17600 2000

4.2.1 Hydrogen source and ignition location

Since there are no indications on selection ofidtails of hydrogen source and
ignition locations; their choice has to be perfodn&king into account general
approach of safety simulations, namely the sceralimved by the worst case
damages has to be taken for the consideration.

In Figures 13 and 14 the hydrogen source takemmialations for scenario T1 is
detailed. The coordinates are x = 27.343 m, y 32% and z = 1.5 m based on the
geometry given in the Tables 7 and 8.

The direction of leaking hydrogen flow is horizdnaarallel to the y-axis), originates

from the middle truck-trailer and faces the midditdoading station. Note that the 3
unloading stations were assumed to have a heighBah.
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Figure 13 Location of leak for scenario T1. The ldaoriginates from the middle truck-trailer and
faces the middle unloading station

Figure 14 Location of leak for scenario T1. Top vier
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4.2.2 Transducerslocations

The transducer locations were chosen so as tonoipfarmation about the explosion-
generated over-pressures at critical locationd) agc

- the weakest equipment or constructions;

- the expected highest hazard potential; and

- to obtain information on how the blast loads dewdi distance.

5 Validity of numerical tools

The adequacy of the numerical tools used in sinauiatis one of critical issues in
computer modelling in general and in safety analysparticular. All of the partners
have performed systematic and thorough codes vamlida&Each of them has its own
intensive programme of verification and validatamitivities. The validity issues
themselves belongs to the special area of techkintatledge and are beyond the
scope of this document (deliverable). However duienportance of this subject we
have annexed a collection of papers devoted teréifit aspects of validation of the
partners’ codes.

5.1 COM3D

A. Kotchourko, W. Breitung, A. Veser, and S. DomfeTube experiments and
numerical simulation on turbulent hydrogen-air castion,21th Symp (Int) on Shock
Waves, Great Keppel Island, Austria, 20-25 July 1997,3%20.1-3220.6,, 1997.

A. Kotchourko, S.B. Dorofeev, W. Breitung. Testextended Eddy Break Up model
in simulations of turbulent H2-air combustion, i7th Int. Collog. on the Dynamics of
Explosions and Reactive Systems, Heidelberg, Germany, 1999.

A. Kotchourko, W. Breitung, and A. Veser. Reactil®v simulations in complex 3D
geometries using COM3D code, Tagungsbericht Pracgedlahrestagung
Kerntechnik 1999 (Annular meeting on Nuclear Tedbgy, page 173, May 1999),
1999.

A. Kotchourko, W. Breitung, and A. Veser. Validatiof COM3D code for fast
turbulent H-airsteam combustion, Scientific Report FZKA 63B@yjekt Nukleare
Sicherheitsforschung, Forschungszentrum Karlsr@®,1

A. Kotchourko, W. Breitung, U. Bielert. Simulatiai hydrogen behaviour during a
nuclear power plant accident, Modelling in Natural Sciences, Eds T. Mueller, and
H. Mueller, Springer, 2003.

W. Breitung, S. Dorofeev, A. Kotchourko, R. Redknget al., Integral large scale

experiments on hydrogen combustion for severe anticbde validation — HYCOM,
Nuclear Engineering and Design 235.253-270, 2005.
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A. Kotchourko, Simulation of Combustion Processekaan H-Air Mixtures:
Conservatism of COM3D Results, Scientific ReporKRzZ7115, Projekt Nukleare
Sicherheitsforschung, Forschungszentrum Karlsr20@6.

5.2 GASFLOW

Royl, P.; Travis, J.R. “GASFLOW analyses of contaent experiments in the ThAl
facility”. Jahrestagung Kerntechnik 2003, Berlif,-22.Mai 2003 Berlin : INFORUM
GmbH, 2003 S.67-71

Travis, J.; Necker, G.; Royl, P. ,Recent developtador GASFLOW-II". NURETH-
10 : The 10th Internat.Topical Meeting on NucleaaBtor Thermal Hydraulics,
Seoul, Korea, October 5-11, 2003 Proc.on CD-ROMePEH0403 Seoul : Korean
Nuclear Society [u.a.], 2003

Baumann, W.; Breitung, W.; Kaup, B.; Necker, G.yR®.; Travis, J.R. “Three-
dimensional ITER accident analysis of combustibietane generation using the
GASFLOW code”. Jahrestagung Kerntechnik 2002 ,t&aut, 14.-16.Mai 2002 Bonn
: INFORUM GmbH, 2002 S.493-96

Necker, G.; Travis, J.R.; Royl, P. “Model developrand validation of GASFLOW
II”. Programm Nukleare Sicherheitsforschung. Jabegicht 2001. Teil 1
Wissenschatftliche Berichte, FZKA-6741 (Juni 200215

Royl, P.; Travis, J.R.; Baumann, W.; Breitung, Wkautschick, V.; Necker, G.;
Starflinger, J. ,Status of development, validatiand application of the 3D CFD code
GASFLOW at FZK*. IAEA-OECD Technical Meeting on UséComputational

Fluid Dynamics (CFD) Codes for Safety Analysis @dRtor Systems, Including
Containment, Pisa, |, November 2002, 2002.

Royl, P.; Travis, J.R.; Necker, G. “Model develaggrmhand validation of GASFLOW
II“. Programm Nukleare Sicherheitsforschung. Jabegicht 2000 Wissenschaftliche
Berichte, FZKA-6653 (September 2001) S.1-16

Travis, J.R. ,A computationally efficient thermaldiation transport model for the
GASFLOW code”. Proc.of the Seminar on Containnoémiuclear Reactors held in
Conjunction with the 15th Internat.Conf.on Struaetuvlechanics in Reactor
Technology, Seoul, Korea, August 23-24, 1999 S.3-25

Travis, J.; Spore, J.; Royl, P.; Necker, G. “Théioced and computational models of
the GASFLOW-II code”. Chang, S.P. [Hrsg.] Transaas of the 15th
Internat.Conf.on Structural Mechanics in Reactarhif®logy (SMIRT-15), Seoul,
Korea, August 15-20, 1999 Vol. XI S.157-164

Baumann, W.; Royl, P. ,Validating the GASFLOW mddgj of condensation with

Phebus containment thermal hydraulics”. ProjektIBae Sicherheitsforschung.
Jahresbericht 1997. Wissenschatftliche Berichte, &BK26 (September 98) S.71-81
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5.3 ADREA-HF
Hydrogen releases:

J. C. Statharas, A. G. Venetsanos, J. G. Badz/urtz, U. Schmidtchen, 2000,
“Analysis of data from spilling experiments perfardwith liquid hydrogen”Journal
of Hazardous Materials 77(1-3):57-75

H. Wilkening, A. G. Venetsanos, T. Huld and J. @rtBis, 2000, “Safety assessment
of hydrogen as a fuel for vehicles by numericalidation”, paper presented at the
EuroConference “New and Renewable TechnologieS#stainable Development”,
Madeira Island, Portugal, June 26-29

A. G. Venetsanos, T. Huld, P. Adams and J. G. Bar2003, “Source, dispersion and
combustion modelling of an accidental release afbgen in an urban environment”,
Journal of Hazardous Materials A105:1-25

Gallego, E., Migoya, E., Martin-Valdepefias, J. Glyscia, J., Crespo, A., Venetsanos,
A., Papanikolaou, E., Kumar, S., Studer, E., Han€erR., Dagba, Y., Jordan, T.,
Jahn, W., Hdiset, S., Makarov, D., 2005, “An intenparison exercise on the
capabilities of CFD”, International Conference oydrbgen Safety, Pisa, September

Papanikolaou, E. A. and Venetsanos A.G., 2005, “@tiddelling for slow hydrogen
releases in a private garage without forced verild International Conference on
Hydrogen Safety, Pisa, September

Venetsanos, A. G., Bartzis, J. G., 2005, “CFD miougbf large-scale LH2 spills in
open environment”, International Conference on ldgen Safety, Pisa, September

Other releases:

Andronopoulos S., Bartzis J.G., Wirtz J., Asimakdps D., (1993), “Simulation of
the Thorney Island dense gas trial No. 8, usingtite ADREA-HF”,Process Safety
Progress 12.61-66.

Statharas, J.C., Bartzis, J.G., Venetsanos, A.@rfaMJ]., "Prediction of Ammonia
Releases using the ADREA-HF code", (19PB)cess Safety Progress 12:118-122,

Andronopoulos S., Bartzis J.G., Wirtz J., Asimakdps D., (1994), “Modelling the
effects of obstacles on the dispersion of densar #ir gases’Journal of Hazardous
Materials 37:327-352.

Wirtz J., Bartzis J.G., Venetsanos A.G, Andronope@., Statharas J., Nijsing R.,
(1996), "A Dense Vapour Dispersion Code Packag@pplications in the Chemical
and Process Industry", Journal of Hazardous Mdse4i, pp. 273-284.

J. Bartzis, A.G. Venetsanos, M. Varvayanni, S. Andpoulos, S. Davakis, J.
Statharas, N. Catsaros, P. Deligiannis, “Wind feovd dispersion modeling over
terrain of high complexity”, Proceedings of thetkilnternational Conference AIR-
POLLUTION 97, Bologna, Italy, September 16-18, 1997
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Venetsanos A.G., Andronopoulos S., Statharas §tziBa.G., (1998), “Local scale
dispersion model evaluation exercise”, Proceedafgke Sixth International
Conference AIR POLLUTION 98, Genoa, Italy.

Venetsanos, A.G., Bartzis, J.G., Wirtz, J., Papaid.D., “Comparative modeling of
a passive release from an L-shaped building usieg twwo and three-dimensional
dispersion models”, (2000hternational Journal of Environment and Pollution 14(1-
6):324-333

Andronopoulos, S., Grigoriadis, D., Robins, A., ¥&anos, A.G., Rafailidis, S.,
Bartzis, J.G., “Three dimensional modelling of cemication fluctuations in
complicated geometries”, (2001) Environmental FMigchanics |, pp 415-440.

Vlachogiannis, D., Rafallidis, S., Bartzis, J.Gndkonopoulos, S., Venetsanos, A.G.,
“Modelling of Flow and Pollution Dispersion in Défent Urban Canyon
Geometries”, (2002) Water, Air and Soil Pollutiéiacus, Vol 2, pp 405-417,

5.4 ET CODE

Blotto P., Podenzani F., Bonuccelli M., Andreussi@®alinetto F., “An Integrated
Methodology for the Evaluation of the Safety andiiEsnmental Consequences of a
Blow-out”, SPE 61192, 2000.

Blotto P., Podenzani F., Mancini N., Bonuccelli Malcitelli M., Bennardo A.,
“Modelling of Unconfined High Speed Jet Flames™"TAt. Conf. On Energy for a
Clean Environment,” Lisboa, July 2003.

Blotto P., Podenzani F., Mancini N., Bonuccelli Mralcitelli M., “Modelling of
Multiphase Unconfined High Speed Jet Flames”, 8tdrhational symposium on Two
Phase Flow Modeling and Experimentation”, Pisat&aper 2004

Podenzani F., Mancini N., Bennardo A., PiccoloRlgtto P., Frattini L., “Oil & Gas
Industry: CFD Simulation and its Application in 88f Management”. CISAP-2,
Naples, May 2006.

Podenzani F., Novembre N., Colombo E. “Numericadlgtfor accidental gas releases
from high pressure pipelines”, ECCOMAS 2006, EgmantdZee, (NL) September
2006.
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5.5 REACFLOW

Wilkening H. and Baraldi D., An innovative methotanlaptive meshing for
hydrogen explosion simulations with the CFD codeARELOW, Jahrestagung
Kerntechnik - Annual Meeting On Nuclear Technology, Aachen, 2006.

Troyer C., Baraldi D., Kranzlmueller D., Wilkenity, Volkert J., 2005, Parallel Grid
Adaptation and Dynamic Load Balancing for a CFDv8gl EuroPVM/MPI 2005, B.
Martino et al. Edsl.ecture Notesin Computer Science, 3666, 493-501, 2005.

Breitung W., Dorofeev S., Kotchourko A., Redlinger Scholtyssek W, Bentaib,
L’'Heriteau J.P., Pailhories P., Eyink J., Movahed Rktzold K.G., Heitsch M.,
Alekseev V., Denkevits A., Kuznetsov M., Efimenkg ®kune M.V., Huld T.,
Baraldi D., Integral large scale experiments onrbgdn combustion for severe
accident code validation-HYCONNuclear Engineering and Design 235.253-270,
2005.

Gallego, E., Garcia, J., Migoya, E., Crespo, A.tdkourko, A., Yanez, J., Beccantini,

A., Hansen, O.R., Baraldi, D., Hgiset, S., VoortMM Molkov, V., An Inter-
comparison Exercise on the Capabilities of CFD Mette Predict Deflagration of a
Large-Scale H2-Air Mixture in Open Atmospheheternational Conference on
Hydrogen Safety, Pisa, 8-10 September, 2005.

Venetsanos A.G., Huld T., Adams P., Bartzis J.Gur&e, dispersion and combustion

modelling of an accidental release of hydrogemimidan environmendournal of
Hazardous Materials A105:1-25, 2003.

Baraldi, D., Heitsch, M., Eyink, J., Movahed, Mgifeev, S., Kotchourko, A.,
Redlinger, R., Scholtyssek, W., Pailhories, P.,d{l, Troyer, C., Alekseev, V.,
Efimenko, A., Kuznetsov, M., and Okun, M.V., Apgiion and Assessment of
Hydrogen Combustion Models, Th6th Int. Topical Meeting on Nuclear Reactor
Thermal Hydraulics (NURETH-10), Seoul, Korea, 2003.

Scholtyssek, W., Bielert, U., Dorofeev, S., BredgulV., Kotchourko, A., Kuznetsov,
M., Redlinger, R., Pailhories, P., Eyink, J., MogdhM., Petzold K.G., Heitsch, M.,
Alekseev, V., Efimenko, A., Okun, M., Yankin, YHuld, T., Baraldi, D., Integral
Large Scale Experiments on Hydrogen Combustioiséwere Accident Code
Validation, FISA-2003 / EU Research in Reactore8afLuxembourg, 2003.

Bielert U., Breitung W., Kotchourko A., Royl P., 8ityssek W., Veser A.,
Beccantini A., Dabbene F., Paillere H., E. Studetgld T., Wilkening H., Edlinger
B., Poruba C., Mohaved M., Multi-dimensional sintida of hydrogen distribution
and turbulent combustion in severe accidedig|ear Engineering and Design 209
165-172, 2001.

Wilkening H. and Huld T., An Adaptive 3D CFD solvier modelling explosions on
large industrial environmental scal€gmbust. Sci. Technology 149:361-387, 1999.

Huld T., Peter G., Staedtke H., Numerical simulatd explosion phenomena in
industrial environmentjournal of Hazardous Materials 46:185-195, 1996.
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5.6 CEA CODE
For CAST3M:

H. Paillere, E. Studer, A. Beccantini, S. Kudriakbv Dabbene, C. Perret, 2005,
“Modelling of H2 dispersion and combustion phenomasing CFD codes”,
International Conference on Hydrogen Safety, Pisa, Italy, 8-10 September.

For SPHERE-1D:

A. Beccantinj A. Malczynski and E. Studer, 2007, “Comparison BiTFequivalency
approach, TNO multi-energy approach and a CFD ambran

investigating hemispheric hydrogen-air vapour clemglosions” 5th International
Seminar on Fire and Explosion Hazards, Edinburgh, UK, 23-27th April.
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