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1. Introduction

This appendix gives some precisons for the cdculation of the frequencies in the event tree
(caculation of the frequencies of Dangerous Phenomena, MIRAS step 5).

Chapter 2 will show that, in the event trees built with the MIMAH methodology, they are in fact
"AND" and "OR" gates which are included. This chapter explain how these gates are placed and
how to take them into account in the calculation of frequencies.

Chapter 3 gives information about the notation of the different probabilities encountered in the event
tree.

Chapters 4 to 7 shows the generic event trees of MIMAH on which the AND and OR gates, as well
as notations, have been explicitly expressed.

2. "AND" gateand " OR" gate

In event trees built by the MIMAH methodology, "AND" and "OR" gates and probabilities are
placed on the branches of event trees, between the different levels of events.

For example, if we consgder a catastrophic rupture of an equipment storing aliquid substance with all
imaginable hazardous properties (fictitious example), the event tree, with the "AND"/"OR" gates and
the probabilities associated with each branch when there are no safety barriers), is shown in
Figure 1.
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CE SCE TCE o
IMissiles ejection (DPE)
P =1 (Fee * Pom * Pusz * Prz® Prz * Pam)
Catastrophic rupture (SCET) Pamz =i Catastrophic rupturs [TCET) P12 =1 AND
Fusz=1
Catastro Pra=1  |Overpressure gemeration (DP9
FupiLre. (Foe ® Poin ™ Pusz ® Pee™ Pz ® Pam)
(CE10] Foie=1 | AND
{FCE) Pai =1 Poal fire (DP1)
(Foe ® Poin ® Pmss ® Pss ® P Pra® Pam)
Fu | fmmediate igriifon Fool ignited (TCE4) PTa=1 'H_HD PaE =1 Toxic cloud {OP8)
(Fee * Pom ® Pasy * Psz ® Pl Y Pra® Padg)
Pan=t  Epvironmental damage [DP11)
PusI=i Pool fo i Fee ® Poi ® Pmsz® Psz ® Pii * Pre® Piapen
[SCET) Pu=1 | OR
VCE (DP4)
Puge| (Foe ® Poio ® Puoss ® Pss *{14Pii) * Pirs * Prs * Pdi * Pvee)
Pdi| Delayed igmition [ er
1 -Fm|
Flashiire (DP3)
(Fce ® Poin ® Pmss * Pss *(1-Pil) * Pirs * Prs ® Pdi * (1-Pvce))
Gas
s persion
(TCES) P =1 OR
Pars =1 Toxic clowd (DFG6)
Papé=1|(Fce * Poin ™ Poss® Pss *(14R01) * Pims * Pra ™ (1-Pdli) * Paos)
1.pd|  Dispersiom AND
FEn1 =1
Environmental damage (DP11)
1« P Mo immediate jﬂ'ﬂ}ﬂ':m | AND Fée ® Pom ® Paosa® Pz (1P * Pars ® Pra ® (9-Peli) * Paon)
P34 =1
|Poal dispersion (TCE11) P1igan =1 Envirenmental damage [DP11)

(Foe * Pom ™ Pmsa * Pss *(1-P1i * Pars * Prion)

Figure 1: example of addition of AND and OR gatesin the event tree
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In the generic event trees built with the MIMAH methodology, thereisno AND / OR gates explicitly
drawn. Infact, these gates are implicitly included in the event trees.

AND gates are located between an event and its Smultaneous consequences (for example a breach
on a two-phase sorage, under the liquid level, has two consequences occurring Smultaneoudy — a
two-phase jet and a pool formation). These outcomes are linked by a AND gate.

If the events are tied by an "AND" gate, the frequency upstream the "AND" gate is
transmitted to all the branches downstream.

Freq. F =F,

Freq. F; Freq. F, = F

]

Freq. F =F,

Figure2: " AND" gate

OR gates appear downstream an event if one of the consequent events may occur and the others
not. For example, if we consder the pool formation, a direct ignition can occur and we have then
the "poal ignited” phenomenon, and in the other case we have the disperson of the gas. Events
linked by a OR gate are mutualy exclusve.

The frequency of each event downstream a OR gate may be determined by multiplying the upstream
event frequency by the "transmisson” (conditiona) probability adong the path leading to that
outcome. Thus the probakilities associated with each branch must sum to 1.

For ingtance, if there are only two downstream events, the transmission probability of one branch
may be R and the transmisson probability of the other branch, B, is equa to 1-P. This is
illugrated in Figure 3.

-

Freq. F=F * P,

[ Ty

Freq. F;

Freq. F =F * P,

Figure3: "OR" gate
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3. Notationsin trees

The probability which ties two events or the probabilities between an "AND" gate and an event,
isnoted asfollow: PiLj

where | isthe number associated to the upsiream event
] isthe number associated to the downstream event
L is "S'when the downstream event isthe secondary critical event
"T" when the downstream event isthe tertiary critica event

"D" when the downstream event is the dangerous phenomenon

Pool dispersion Pup11  Environmental damage
TCE11 DP11

Gas dispersion
PaTe TCE5

Pool formation

SCE3 —AND

Pa711 | Pool dispersion
TCE1l

The probability upstream of agate is noted asfollow: PLi

where | is the number associated to the upstream event
L is"C" when the upstream event is the critical event
"S" when the upstream event is the secondary criticd event
"T" when the upstream event isthe tertiary critica event

"D" when the upstream event is the dangerous phenomenon
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Examples:
Gas dispersion
TCES
Pool formation Ps3
SCE3 ———AND
Pool dispersion
TCE1l
Delayed ignition
Gasdispersion  Prs |
TCES OR
Dispersion

The other probahilities between an "OR" gate and an event are tied to ignition probabilities

Pii means "probability of immediate ignition”
Pdi means "probability of delayed ignition”
Pvce means "probability of VCE"

Example:

VCE
DP4

Delayed ignition OR

1-Puce Flashfire
DP5

In the following paragraphs, abbreviations are used. Their Sgnification are given here,
FCE means "frequency of critica event”
P means "probability”
P means "probability of ignition”
Ai means "probability of immediate ignition”
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Pdi means "probability of delayed ignition”
Pvce means "probability of VCE"
Prain-out means "probability of rain-out"

Pexpl means "probaility of exploson”

In the event trees, the calculation to obtain the frequency of a dangerous phenomenon associated
to the criticd event, with a frequency FCE is put between brackets next to the dangerous

phenomenon.
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4. Substance state=Liquid

The table below gives the critical events associated to the substance state "LIQUID™

S
c C =
o= | o= 3 3 2 © 5 [}
ET|E g T % % 'g_ % g— © S
S £33l 3 2 loolo 5 " ~ %) 2
= BE|BE| @ |Sg|Se T| & | 2 g | =
0 w ol n o = 0 = = = ©
S S |luE|lvE| s |66/ 58| E £ 5 3 m
IS D ©E| ©<5 < |lec|ca| 8 o = — 0
£ S =zl = © |c3|c5| = - 7 Q =
52 |85 85| £ |89 ®.=| ¥ X @ ) ©
8 | $|3E|8E| 8 |¢22|23| S| S| & | 3|3
[a I} =2 =2 ] m>|m:= — 4 o > @]
L LU L L L LU L L L Wo |Wo| W~
Ol 0N O | O O[O OOl 0O O0OAd 10410 4
| Liquid STAT2 X x | x x | x | x
4.1 CE5: Start of fire
CE SCE TCE FD
Fire (TCE1) Fi07=1 Fire (DFT)
PIT1=1 (FCE " Pas1™ Ps1” P11~ Faom)
Start of fire Fire
{CES) Pi5i=1{(SCE1) Psi=1| AND Toxic cloud (OPE6)

[FCE) PED6 = 1 |{FCE * P551° P51 " P16 ~ P16~ P506)

F4T6 = 1|Toxic secondary products (TCES) FT6=1 | AND

Pini1 = 1 |Envircnmental damage (OF11)
[FCE™ Pas1”™ P51 ” P16 ™ P1s ™ P60

Figure4: Event tree of " CES Start of fire" with aliquid substance

InFgure 4, if there are no safety barriers, the frequencies of dangerous phenomena are known if the
frequency of the criticd event "Start of fire" is known for the given equipment type.
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4.2 CET: Breach on the shell in liquid phase; CE8: Leak from liquid pipe; CE11: Vessdl collapse

(FCE)

1-Pii

CE ECE
Pii| Immediate ignition |
Pool
CE?cgﬁEB i
el prsa=1 (SCE3) Pui=1 OR

Pms=1

No immediate ignition| [ AND

Parii =1

TCE DP
P4 =1 Pool fire (DP1)
(Foe ® Prsa ™ P ® Pl * Poa ® Papi)
Pool ignited{TCE4) Pr=1 AND | P40€ =1 Toxic cloud (DPB)
(Fce " Prsa® Ps: " Pil* P4 ™ Pups)
E4D1 1 = 1 Environmental damage (DP11)
(Fee * Prsa® Ps: * Pii * Poa * Papii)
VCEIDP4)
Pyce|(FoE * Prsa® Psa * {1-Pii) * Pars * P15 * Pdi* Pyce)
Pdi| Defayed ignition | [ or
1-Pvce
Flashfir e{DP o)
(FoE* Prss * Psa * {1-Pa) * Pars * Prs® Peli® {1Pvee))
Gas
dispersion
(TCES) P1s=1|0R
Toxic cloud{DP&)
Psoe @ 1| {FCE * Prs3 * Psa* {1-Ps) * Pats® Prs * (1-Pdi) * Psns)
1-Pdi| Dispersion | | AND
Piaoii =1
Environmental damage{DP11)
(FCE * Prsy™ Psr™ (1-P%) * P15 * P15 * (1-Pdi) ™ Psoii)
Pool
dispersion
(TCE11) Piipn = 1 Environmental damage(DP11)

(FCE * P7s2 * Psa ™ (1-Pa) * Pami1 ® Paabia)

Figure 5: Event tree of CE7, CE8 or C11 with aliquid substance

-10-




ARAMIS D1C - APPENDIX 11 July 2004
AND and OR gates in the event tree

In Figure 5, if there are no safety barriers, the data needed for the cadculation of frequencies of the
dangerous phenomena are;

Frequency of critical event for the given equipment type, FCE

Probability of immediate ignition of a pool from a continuous release of liquid, Fii
Probability of delayed ignition of the gas disperson, Pdi

Probability of VCE, Pvce, in rdation with the probability of aflashfire

The other probabilities are equa to 1.

-11 -



ARAMIS D1C - APPENDIX 11 July 2004
AND and OR gates in the event tree
4.3 CE10: Catastrophic rupture
CE SCE TCE DF
Missiles ejection (DPE)
Fam=1  |{Foe* Poie® Pass ® Pee ® Pz " Pem)
Catastrophic rupture (SCE2) Patz = Catastrophic rupture {TCE2) Pri = AND
Preesz =i
" Faps=t  |Qverpressure generation ([OP9)
ruptire. {Fei® P ® Pass * Pam * P * Pam)
(CE10)  Pocu-1 | AND
{FCE) Pivi=1  Pgol fire (DP1)
(Fee * Poie ™ P ® Pss® PR P Pam)
Fil|  Inrmediate igaition Pool ignited [TCE4) Fri=1 AND | P Toxic choud ([DPG)
(Foe * Poie ® Pesz * Psa ® Pl * P1e * Pans)
Fanii=1  Enwironmental damage (DP11)
Paes: =1 Pool farmation {FCe ™ Pcin™ Pss * P53 ™ PR™ PTa ™ Paip
[(SCEJ) Ps1=1 | OR
WVCE (DP4)
Pyee|{Fee ® Poin® Paess ® Pss *{1PH) * P17 ® Pes * Pdi * Puce)
Fal| Defayed ignition | OR
1 -Puce
Flashifire {DPS5)
{Feu * Poip® Pase * Psz *[1-PH) * Pis * P * Pdi * {1-Pvee])
Gas
dispersion
[TCES) Prsat oR
Pams =4 Toxic cloud ([DPG)
Ping =1 [{Foe*® Poie ® Pies: ™ Pas *(1PH) * Pama ™ Prs® (1-Pdi) * Paes)
1-Pdi|_ Dispersion | [ AND
Papii=t
Emvironmental damage {[DF11)
1 -FijNa immediate igrition| | AND (Fee* Poin® Piiss ® Pss *(1-PH) * Prs ® Pes * (1-Pdi) * Pson)
Frrn=i
Pool dispersion (TCE11) Frip =1 Environmental damage ([DP11)

(Foe* Pom® Pawss ® Ps3 *[(1PH) * Pt * Pas

n11)

Figure 6. Event tree of " C10 Catagtrophic rupture" with a liquid substance

-12-
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In Figure 6, if there are no safety barriers, the data needed for the calculation of frequencies of the
dangerous phenomena are;

Frequency of criticd event for the given equipment type, FCE

Probability of immediate ignition of a pool from an ingtantaneous release of liquid, Al
Probability of delayed ignition of the gas dispersion, Pdi

Probability of VCE, Pvce, in rdation with the probability of aflaghfire

The other probabilities are equal to 1.

-13-
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4.4 CE12: Collapse of the r oof

CE SCE TCE DP
Pae=1  Tankfire (DP2)

(Fce ™ Pizsi * Pse® Pii " Pra* Pang)
Pool ignited inside the
Fii|_lmrmediate ignition | tank (TCE3) PT3=1 AND Par =1  Toxic cloud (DPB)
(Fee ™ Pizst * Pse ™ Pii " Pra® Pans)
Finii=1  Environmental damage (DP11)
(Fee ® Pizse * Pse® Pii ® P1a® Papi)
Boilover and resulting poolfire (DP13)
Collapse of Pool inside
the roof the tank
[CE12) FPusa=1 (SCE4) P | OR
VCE (DP4)
(FCE| Py (Fce® Passy* Psa *(1-PI " Pas ™ Prs = Pdil ™ FVCE:I
Fdi| Delayed igmition | | or
1:-Pvee
Flashfire (DP5)
(Fee ™ P42sd ™ Psa ® (1-P) * Pars * Prs ® Pdi * (1-Pvce))
Gas
dispersion
1 -Fil|No immediate ignition Pati=1 (TCES) Frs=i | OR

Toxic cloud (DPE)
Prins =1 |[(Fee ® P1254 * Psa ® (1P} * Pams * Prs ® (1-Pdi) * Paos)

1.Pdi|  Dispersion | [ AND

Psnit =]

Environmental damage (DP11})
(Foe ™ Pizsa ® Pse * (1-Pii) * Pats * Prs * (1-Pdi) * Psoie)

Figure7: Event tree of " CE12 Collapse of theroof" with aliquid substance

-14-
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InFgure 7, if there are no safety barriers, the data needed are:
Frequency of critical event for the given equipment type, FCE
Probability of immediate ignition of a pool ingde atank, R
Probability of delayed ignition of the gas dispersion, Pdi
Probahility of VCE, Pvce, in rdation with the probability of aflashfire
The other probabilities are equal to 1.
Remark:

The occurrence of abailover isfunction of substancetype. Thisevent isvery rare

-15-
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5. Substance state = Gas/vapour

The table below givesthe critical events associated to the substance sate "GASVAPOUR"

=
5 = s |= °
2o 82 = |= S| o | 2 5
ET EC| T |2 |2 s 2| 2 S
< £33 2dlg,le | 2| 9| 2| 8] 2
= 3E|BEl 2 |Sg8/Sg 2| & 2 g | =2
0 (] = = o
> S |lvEl vweE|l & | 65|68 E £ 2 S ®
Q o = = < o o o o
e n 8 £| = C | c = = = — [72]
o S8 =S ® o Cc 3| C - = 1] [ =
S| 2|g8f|gs| £ |s3|s8| x| x| & 2| s
o | X |Bg|85| S |2&l23 §| §| | & | 9
o w =2 =2 »n m >| m:= | 4 (@) > @)
o — N
— N ™ < n o N~ [e0) [0)) — — —
L L L i w L L L w L L L
@) O O O O O O O O O O ©)
Gas / Vapour STAT4 X X X X
5.1 CE5: Start of fire
CE SCE TCE FO
Fire (TCE1) PiDr=1 Fire (OFT)
PaT1=1 [FCE " P351™ P51° Pim1 ™ Piom
Start of fire Fire:
[CES] Pusi=1(SCET Psi=1| AND Toxic cloud {OPE)
{FCE) PiDe = 1 |(FCE ™ P551~ P51 " P16 ™ PTG ™ P6DG)
F4T6 = 1|Toxic secondary products (TCES) FT6=1 | AND

Pandl =1

Envircnmental damage (OF11)
[FCE™ Pas1”™ P51 ” P16 ™ P1s ™ P60

Figure 8: Event tree of " CES5 Start of fire" with agas

InFigure 8, if there are no safety barriers, the frequencies of dangerous phenomena are known if the
frequency of the criticd event "Sat of fire' is known for the given equipment type.

-16 -
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5.2 CEG6: Breach on the shell in the vapour phase; CE9: Leak from gas pipe

CE SCE TCE PD
Froz=1  Jetlire (DP3)
{Fo# * Pess ® Pss * Pl *Prr * Pro3)

Fil|_Immediate fgnition | Gas jet ignited (TCET) Pi=1 BND | #ré=1 Toxic cloud (DP6)
{Foe * Pess * Pss * Pl *P17 * Prog)
CE6 or Gas jet
CE9 Pass=1 (SCES) Pss=1 | OR
{FCE) Proi=1_Environmental damage (DP11)

T (Fee * Pess " Pss* P P * Pron)

VCE (DP4)
Pues| (Foe * Pess * Pss * (1-Pil) * P * Pdi ® Pvce)

Pdi| Delayed ignition | [ or

1-Pyce|Flashfire (DP5)
(Foe * Pgss ™ Pss * {1-Pli) ™ Prs = Pdl = (1-Pvce))

Gas
dispersion
1. Fii No immediate ignition (TCES) PIS=1 oR

Toxic cloud (DP10)
Pans = 1[(Foe * Pess® Pss * {1-Pil) * P * (1-Pdi) * Paos)

1.Pdi|  Dispersion | [ AaND

Fani1 = 1| Environmental damage (DP11)
(Foe * Pass * Pss * (1-Pil) * Pm * (1-Pdi) * Psoii)

Figure9: Event tree of CE6 or CE9 with agas

InFigure 9, if there are no safety barriers, the data needed for the calculation of frequencies of dangerous phenomena are:

Frequency of critical event for the given equipment type, FCE - Probability of deayed ignition of a gas disperson, Pdi
Probability of immediate ignition of agesjet, Fi - Probability of VCE, Pvce in reation with the probability of a
fladhfire

The other probabilities are equa to 1.

-17 -
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5.3 CE10: Catastrophic rupture

pi| immrediste ignition |

CE SCE
Catasirophic rupture (SCE2) P =t
Pz =]
Cata hilic
rupture,
({CE10) Poin=1 | AND
{FCE)

Piicas =1 | Gas pull
(SCEG) Faiml | OR

By g

1. #i| No fmarediate igmition | AND

PiTii =1

TCE oP

Nlissiles ejection (DPE)
Fing =1 (Fce * Pcm * Pmsz * P ® Pz * Ping)

Calastrophic rupture (TCEZ) Prz=1 [ ano

Fane=1 | Overpressure gemeration (DPG)
(Fce™ Pcm * Pasz * Prm2 ® P12 * Py

Fans=1  Toxi: cloud (DPE)
(Fee*"Pom * Pass®* Ps® Pl " Pre® Pom)

Gas pultignited (TCE10) P =1 AND
Fami=1  Envir al damage (DP11)
{Fce * Pow * Puss * Pss * Pl Pra® Pooy
VCE (DP4)
Pyce|{Fce ™ Pos ™ Poise ™ Pss *(1-PH} " Py * P ™" Pdi ® Pyce)
P Delayed igniien | | OR
1Py
Flashfire [DP5)

(Fee ® Pom * Puss * Pss *(1-P) * Pars®* P ™ Pdi* (1-Pvcel)

Gas
dispersion
[TCES) Fs=l | OR
Toxic cloud (DPE)
Paps = ((Fee ® Pom * Pass * Pss *(1-P) * Pars * P ® (1-Pdi) * Paoc)
1.Pm|  Dispersion AND

Panm "'||

Environmental damage (DP11)
(Fee ® Pom * Puse * Pss *(1-P6) * Pars * P ® (1-Pdi) * Pa 1)

Pool dispersion (TCE11) Piabii=1 Environmental damage (DP11)
|{Fce * Pow * Pass * Psz (1P} * Parn * Prsi)

Figure 10: Event tree of " C10 Catastrophic rupture" with a gas

-18-
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In Figure 10, if there are no safety barriers, the data needed for the cadculation of frequencies of
dangerous phenomena are:

Frequency of critical event for the given equipment type, FCE
Probability of immediate ignition of agasjet, i

Probability of delayed ignition of a gas digpersion, Pdi

Probability of VCE, Pvce, in rdation with the probability of afladhifire

The other probabilities are equa to 1.

-19-
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6. Substance state=Two-phase

The table below givesthe critica events associated to the substance state "TWO-PHASE"

©
c C =
o [
2 |22 = = g o g 5
o= | o= 3 3 2
ES| Ec| T |2 |2 s | 2| 2 S
< SR8 2 |gole S|l al| 2] 8|2
= E|BE| 2 |E3|Sg| T | 5| 8 g =
0 [ () = = c = o
S § |lvE|vE| « |686|c8| E E ) 3 w
IS %) ® < ® £ 5 o 5 c o = = = T 3
3 S |s8|3f| ¢ |83|8T| x| x 2 b | =
g | £ |3E|8E| 8 |¢22|23| S| 8| & | 3|3
[a) l =2 =2 n m s> |m= | - (@) > ©)
w L L w w L L w L Weo |Wo|wea
Ol 0N O | O O[O OOl 0Oo[O0OAd4 1040 4
Two-phase STAT3 X X X X X X
6.1 CE5: Start of fire
CE SCE TCE PD
Fire (TCE1) Pio7=1 Fire (DPT)
PaT1=1 (FCE ™ Pas1™ Ps1” P1im ™ Pion
Start of fire Fire
{CES) Pssi=1(SCE1} Psi=1| AND Toxic cloud (OPE)

[FCE) PEDE = 1 |(FCE ~ P551 " P51 " P1T6 ~ PTG~ PGDG)

F4T6 = 1|Toxic secondary products (TCES) FTa=1 | AND

Pini1 = 1 |Envircnmental damage (DP11)
[FCE ™ Pas1”™ P51~ P16 ™ P1s ™ P60

Figure 11: Event tree of " CES5 Start of fire" with a two-phase substance

In Figure 11, if there are no safety barriers, the frequencies of dangerous phenomena are known if
the frequency of the criticd event "Stat of firé' is known for the given equipment type.
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6.2 CEG6: Breach on the shell in vapour phase; CE9: Leak from gas pipe

CE SCE
ril| Invmediate fgnition |
CE6 or Gas jet
CES8 Fam=1 (BCES) Psa=1 OR
(FCE)
1 - Fii Wo immediate igritiorn

TCE
F7Di=1
Gas jet ignited (TCET) P17 =1 BND | Eroe=1
Pror=1
Pvce
Pdi| Defayed ignition [or |
1.Pvce
Gas
dispersion
(TCES) P=1 | OR
P = 4
1.Pdi|  Dispersion | anD
Pt =

PD

Jetfire (DP3)
(Foe ® Piss * Pss ™ Pl P17 * Prig)

Toxic cloud {DPE)
(Foe ® Puss * Pss ™ Pii P17 ® Pros)
Environmental damage {DP11}

{Foe ™ Piss * Pss™ PH*PT17 ™ Pinn)

VCE (DP4)
(Foe * Puss * Pss * {1-Pii) * P1s * Pdi * Pvee)

Flashfire (DP35)
(Fee ® Pess® Pss * [1-Pil) * P * Pdi * (1-Pvce))

Toxic cloud {DP10)
{Foe * Pass® Pas * (1-Pii) * Prs ® (1-Pdi) * Psne)

Environmental damage (DP11)
(Foe * Piss ™ Pss * (1-Rii) * Prs ® (1-Pdi) * Paon)

Figure 12: Event tree of CE6 or CE9 with a two-phase substance

InFigure 9, if there are no safety barriers, the data needed for the calculation of frequencies of dangerous phenomena are:

Frequency of critical event for the given equipment type, FCE

Probability of immediate ignition of agasjet, Pi

The other probabilities are equal to 1.
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Probability of deayed ignition of a gas dispersion, Pdi

Probability of VCE, Pvce, in rdaion with the probability of aflashfire
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6.3 CET7: Breach on the shdl in liquid phase; CE8: Leak from liquid pipe
In Figure 13 (see below), if there are no safety barriers, the data needed for the calculation of frequencies of dangerous phenomena are:
Frequency of critical event for the given equipment type, FCE

Probability of rain-out, this probability is tied partly to the probability that the jet is turned toward an obstacle. So this probability is tied to the

position of the leak on the equipment, to probabilities of wind directions, to the presence of an obstacle in this direction. If the two-phase jet meets an
obgtacle, the rain-out is 100%.

Probability of immediate ignition, i
Probability of delayed ignition of agas digoerdgon, Pdi
Probahility of VCE, Pvce, in rdation with the probability of aflashfire
The other probabilities are equa to 1.
Remark:
The probability Pii is often the same for the branch "Pool formation™ and for the branch "Two-phase jet”.

The probability Pdi is the same for the branch "Pool formation” and for the branch "Two-phase jet”. Indeed, the gas disperson comes from the pool
(vaporization of the pool) and from the jet.
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CE BCE TCE oe
Pani =1 Pool fire (DF1)
fFoe ™ Por ™ Prain-owt ™ Psx ™ Pl "Pra ™ Pin)
Pii | inrrretiate igritien | Pool ignited (TCEA) P =1 Puis =1 Tosie chaud (DP6)
{Foe * Por * Prainowt® Psz * PP = Pans)
Paol
formation Punm 21 Enwvironmental damaga (D11}
scEm;  Pw=1[ om {Fee * Pr7 * Prain-mut ™ Psi * P P12 ® Pami)
Prain-out VCE (DP4)
Pyce [iFoe * Por™ Prain-sut ™ Pss * (1-Pii] "Pars = Pis © Pdi * Pvce)
Pdi[Delayed igmiton | I 13
1-Pvce
Gas Flashifire {DP5}
disparsion | {Foce " Por ™ Prain-out™ Ps: " (1P ) "Pars " Prs * Pdii " {1 Pwvce))
oEs)  Pr=1 TG
Pars =1
Toxic choud (DP6)
Peoe = [{Fee * Por® Pran-out™ Pas* (1P “Para * P (1-Pdl) * Paos)
1.Pdl|__Dispersion AND
Panin =1
. o Environmental damage (D011}
1 - Pl Mo frrarediate ipaiifan | Fee ® By = Pramacat = Pae® (1-P0) 5Wyrs © B © (1-Pdl) © Pspai)
Barp =9 |
Pool dispersion (TCE11) Parys ®q Environmental damage (P11}
{Fee * Py = Pran-out = Pae® (1P *Piro * PITTTn)
CEf or
CEE Poya] |
(FCE) ¥
Peapy &1 Jdwifire {DP3)
{Fea ® Poy * Pray = Pay * B 5P ® Paog)
Pil|_inwnirediage igiition | Two-phase jet ignited (TCED) P [ARD.  Pam =1 Toxic choud (DFE6)
L T o P S 3 | Foce ™ Por ™ Prsr ™ Psr® Pl "Pro = Peos)
Prag =1 please jor Par =1 I'_i?E.
(BCET) Puwon =1 Enwvironmental damage (DP11)
{Foe ™ Por " Prar ™ Psz " Pl P ™ PeK{)
VEE (D)
Puca |(Fea = Bry 4 Pear = Baz  (1-000) *Fs * Pdi Puca)
Pdl| Delayed ignition oR
Gas 1 - Pvce |Flashiire (DPS3)
X disparsion {Foe ® Poy * Prar = Py * (1-P0) *Bm * Pdi ¢ (1-Pvee))
1 - Pil| Mo imimrediate igoition | (TCES) Pe=i[ @R
Taxke cloud ([DP6)
Pama B [fFce ™ Por * Prar ™ Pss ® (1-P1 "P1s ® {1 Pl © Panaj
1-Pdl| Dispersion AND
Pon =1 | Environmental damage (DP11)

fFee ™ Boy ® Brar ® B * (1-Pil "B (1P} = Papnp

Figure 13: Even tree of CE7 or CE8 with atwo-phase substance
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6.4 C10: Catastrophic rupture
In Figure 14 (see below), if there are no safety barriers, the data needed for the calculation of frequencies of dangerous phenomena are:
Frequency of critical event for the given equipment type, FCE
Probability of immediate ignition, R
Probability of delayed ignition of agas digoerdgon, Pdi
Probability of VCE, Pvce, in rdation with the probability of aflasfire
The other probabilities are equa to 1.
Remark:

If there isimmediate ignition of the aerosol puff, there will be dso immediate ignition of the pooal or if there isimmediate ignition of the pool, there will be dso
immediate ignition of the aerosol puff.

So, the probability Pii is the same for the branch "Pool formation™ and for the branch "Aerosol puff”.

The probability Pdi is the same for the branch "Pool formation” and for the branch "Aerosol puff”. The gas disperson comes from the pool (vaporization of
the pool) and from the puff.
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cCE ECE TCE DP
Par =1 Pool fire (DP1)
(Foe™ Pusa™ Psa™ Pl ™ Prra™ Papi)
Fil|__immediate igmition | Pool ignited (TCE4) Fr=t ANDT| Puoc=1_Towlc cloud [OFG)
(Foce™ Pmsa™ Psa™ PH ™ Pra™ Paps)
P
Formatiom Puri =1 Enwviranmental damage (DP11)
(BCEN) Pza=1| R (Fee™ Puisa ™ Psa™ PH " Pra ™ Papdi)
Paisn =1
VCE ([DPA)
Pvce|(Foe = Pusa = Psa® (1-P) * Pam = Pom s Pdi - Pyce)
1 = Fdi|Dela QR
Gas 1 - Puca| Flaghifire (DP5)
dispersion {Fea ® Poga ® Paa® (1-§)* P ® Bast Pdi (1 -Puca))
(TEES) Pm=1| oR
Touie cloud (DPE)
Pspw =1 | (Foe ™ Pmsa™ Psa™ (1-PI} " Pars ™ P ® (1-Pdi} * Psod)
P2 =1-Pdi AND
; oo Prp =1 Environmental damage (DP11)
1 - Pili| No irrrediate irition | [ BND (Foe = Pwsa® Psa® (1-P1) * Py = P (1-Pd) * Pson)
LEIEEL |
Pool dispersion {TCE11) Paiiis =1 Environmental damage (DP11)
{Foe ™ Pmsa ™ Psa™ (1-Pi} " Paras " Pisoi)
Fomives =1 Fireball L=t
(Fce™ Pusn™ Psu™ PH " Pras ™ Pasoio)
Catstrophic Fna— Pil|  Immediate igritian | Agroscl pult ignited (TCE1D) Pran =1 AMD | Puo =1 Towic cloud (DPE)
Latsirop pan e e 2 - + 2 L 1ES — [Foe & Pusi = P ™ PH * Bres* P
(CE10) |All!| Passn =1 | [SCER) Psi =1| oR
FCE) Pmpr 81 Enwironanendai aharmaecpe (DPFA1)
(Foe® Pasa ® Pso® FH A Prse® Pt
VCE (DPd)
Pwoe|{(Foe ® Pass ® Paa® (1=} * Prs* Pl * Puycae)
Pail Delayed fgrmition [[oer
Eas 1 = Puoe| Flashiire (DP5
dispersion {Foe™ Pmsn ™ Psa™ (1-PI} " Pz " Pdl * {1-Pvoe))
1 « Pil| Neo fmmediate ignition | (TEES) Pa=i| oR
Toxic clowd ([DFGE)
P =1 | (Foe * Pmsn ® Panc® (1P Pos s (1Pl * P
1 = Pl LHE peraion | [ AND
Fann 21 | Enwviranmantal damage (DP11)
(Fea ® Pasn ® Paa ® (1-0§) * Prs® (10d6) * Paon)
Plissiles ajection (DP)
Peon =i | (Foa ® Posse & By = Py Pros)
Fusz =1 | Catastrephic rupturs (SCEZ) Pz =1 Catastraphic ruptuce (TEEZ) Pz =1 AND
Pzio =1 | Dyerpressure gensration (DP9}
{Foce ™ Pumsz ™ P21z ™ Prra ™ Paos)

Figure 14: Event tree of " CE10 Catastrophic rupture" with a two-phase substanc
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7. Substance state = Solid

The table below gives the critical events associated to the substance state "SOLID"

=)
5 53 s £ ° °
T B = Z 3z g o = kS
ET| E® T | < < o 2 = o
> > n %) ° o )
= DE|BE|] @ |S2|So| & S | e < i
@ c |92 oo E |c 8| c2 = < 5 15
8 S |LE|wE © |[6a|S6&| § E g 3 P
D © < < £ u— c - | = a = = = — 0
IS o S| 82 5 c 5| g £ = = = Q
o o oL| O = o SO0l @B | x ~ Q n ©
[} o = = = o = © © = %] =
o X |85 85 8 |2 L3 D o 5 o o
[a) Ll =2 | =2 wn m s | M= | — @] > O
| L w [ [ L w | w Weo |Wog| W
Ol 0an O | O O VOO OO O O0Od 10 A0 4
Solid STAT1 X X X X X X X X
7.1 CE1: Decomposition
CE SCE TCE TN
Miggiles gfection [DFE)
Forg =1 {Fee = POt Pexpl* PaTi2* P12~ P08}
Explosion (SCE®) Ponz=1 Explosion (TCE1Z) P11z=1 [ AnND
Pexpl
Farna =1
Orrerpreseure gensration [OP3)
Decomposition (CE1} Po1=1 [ DR Fee ™ Po1 " Pexpl ™ PaTiz " Pz ™ Paao)
FCE] Tauie eloud (DPE)
Peme =1 |{Fee ® Pot " (1Pexplp " P1276 " P16 "Psba)
1 Pexpl Decompasition Toxic secondary
[BCE12) Pume=1 products(TCER) _ P1a=1 | AMND
Pt =1
Envirenmental damage [DP11)
|:F|::E " PCy T {1Pexplh” P26 T PTG TPEDA)

Figure 15: Event tree of " CE1 Decomposition" with a solid substance

In Fgure 15, if there are no safety barriers, the necessary data to know for the caculation of
frequencies of dangerous phenomena are:

The probability of explosion, probability to have an explosive decomposition, Pexpl
The other probabilities are equa to 1.
7.2 CEZ2: Explosion

CE SCE TCE DpP

Missiles ejection (DP8)
P12p8 = 1|(Fce * P259 * P9T12 =~ PT12 * P12D8)

Explosgion Explosion Explosion
(CE2) P2s9 =1 {SCE9) Pamiz=1 (TCE12) PT12=1 AND
(FCE)

P1zpa =1

Overpressure generation (DP9)
(Fce * P2s9 " PoT12 - PT12 * P12D9)

Figure 16: Event tree of " CE2 Explosion" with a solid substance
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If there are no safety barriers, the frequencies of dangerous phenomena are known if the frequency
of the critical event "Exploson” for aMass Solid Storage is known.

7.3 CE3: Materials set In motion (entrainment by air)

“E SCE TCE D
_ Igrvitian Diieset eloasd igmited (TCE13} P13012 =1 Dot axplosian {DF12}
Fl [Fee " Fxsm " Fsi Pl Fro)
Matesiais gatin
naition Materials
enbrained in alr
{CEX Prim =1 (SCEID) % kol OB
FCE) I Touks doud {0PE)
PuDé =1 | (Fee " Pisw " Psw ° (1-Pi] " PTu " PLD6)
1-Pi Dl capersian ST
o igrnion] TCE) Fra=1 [TARGL|
Pnie=-1

Environsental damage [OF 1)
{Fee " PTsm " P " [1-Pl] " PTi ” Pupn)

Figure17: Event tree of " CE3 Materials set in motion (entrainment by air) with a solid
substance

In Fgure 17, if there are no safety barriers, the necessary data to know for the caculation of
frequencies of dangerous phenomena are:

The probability of ignition of adust cloud, P
The other probabilities are equal to 1.

7.4 CE4: Materials set in motion (entrainment by a liquid)

CE SCE IGE FO

P =1 Polfire [OP1)
Fee’PASar PS11" PP T PaDd §

Pool ignited (TCE4] _Fri =1 [RARO | Pas=1 Toxic chowd [DPE)

Fi Fea"Pista"P511"Py PTi" PiDs)
Materials sef in mation -
{sritrainment by 2 Bgud| Materials entrained by a [Faon =1 Enwirarimentsl danssge [DF11)
1CEd Pasti=1 liguid (BCET) P¢.11 (Fee"PasarPs11"Pi PTa" Pam 1)
FCE)
Pood not Fiié =1 Towso chowd (D PE)
IgniteiP oo (Foe PAsin P PP T P
1-Pii dispersian TCET) Prin=1] anD

Fiten1=1 Environments damage (OP11)
(Fee"Pasan"Ps11"Py PT91"F 11}

Figure 18: Event tree of " CE3 Materials set in motion (entrainment by a liquid) with a solid
substance

In Figure 18, if there are no safety barriers, the necessary data to know for the calculation of
frequencies of dangerous phenomena are:

The probability of ignition of the pool disperson, A
The other probabilities are equa to 1.
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7.5 CEb: Start of fire

CE SCE TCE FD
Fire (TCE1) F107=1 Fire (OFT)
PIT1=1 (Fce~ Pss1™ Ps1° Pam * Paom)
Start of fire Fire

{CEB} Pasi=1(SCEN Psi=1| AND Toxke cloud (OPE)
(FLCE) Pim6 = 1 |(FCE " P551 " P51 " PMT6 * P16 ° PGDG)

F4T6 = 1|Toxic secondary products (TCES) FT6=1 | AND

Pini1 = 1 |Envircnmental damage (OF11)
[FCE™ Pas1”™ P51 ” P16 ™ P1s ™ P60

Figure 19: Event tree of " CES Start of fire" with a solid substance

In Figure 19, if there are no safety barriers, the frequencies of dangerous phenomena are known if
the frequency of the critica event "Start of fire" is known for the given equipment type.

7.6 CEG6: Breach on the shell in vapour phase; CE9: Leak from gas pipe

CE SCE ICE L
| dgrigion | Dust choud ignfted (TCETF) POM2 =1 Dust exploaicn (DP13)
=i |Fee " Pagin ~ P& " P~ Piamg)
Materiats endrained in ai
CES or CES Pasm =1 (SCEAD) 7 B ] fa] -
{FCE) T Taxic chowd (OPE)
P =1 | [Foe ~ Pasi0 © Ps# (1P~ P14 P a6
1R Daigt digpereien |
ﬂﬁ four TCE14) Pria=i ahen
o =1
Erviranmeantal darage (DF11)
[Fee ™ Ps510 * P ™ {1 P& " PTd ™ Puodi)

Figure 20: Event tree of CE6 or CE9 with a solid substance

In Fgure 20, if there are no safety barriers, the necessary data to know for the calculation of
frequencies of dangerous phenomena are:

The probability of ignition of adust cloud, P
The other probabilities are equal to 1.
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7.7 CE10: Catastrophic rupture

Ch oCE TCE oP

Missiles ajoction {DPZ)
Faon =4 |{Fiee * Pon ™ Pz * Feme® Pz * Faw)
Cmagiraphic
Catastrophic rupture (SCEZ) Pame =1 ruplure [TEEZ) Pri=1 AND

Fuis2 =1

F2i =1 | Oyerpressure genaratian [OF$)

C nie {Fes " Prip ™ Mpsz © Fame " P2 * Fam)
[updure
Eib Pows | AND

lgmbon Dust clowd ignited {TCENS)  F13Me =1 Dt enplosion [OF12)
A 3 {Fea " PO ™ PHesm * Psm ™ Pi° Pon)

aterials ertramed
Pism =4 [in air [SOE1G] Pomsd | OR

Tezic clawd {DPE]

Podie =1|{Fee ™ PCip” Pesm © P~ (1420 PTH " P14oe)
1-F Dust @spersion
_Wogniton | (TCEM) _Prvi=t_ [N
Pupn=1|

Envrcnmantal damage [DE11)
|{Fee " Pow ™ Finsw * Psm * [P FTd " Pum)

Figure 21: Event tree of " CE10 Catastrophic rupture” with a solid substance

In Fgure 21, if there are no safety barriers, the necessary data to know for the calculation of
frequencies of dangerous phenomena are:

The probability of ignition of adust cloud, P
The other probabilities are equal to 1.
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