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\‘ma,o,, Agenda &7110101)‘ Hazard Consequence
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Key Definitions

w
Tharod

Hazard :

Hazard The potential to cause harm, including ill
health and injury, damage to property,
products or the environment, production
losses or increased liabilities.

Threat A possible cause that could potentially
release the hazard and produce an
incident.

An unplanned event or chain of events,
which has caused or could have caused
Injury, lliness and or Damage (Loss), to
Assets, the Environment, or Third Parties.

Incident

The potential to cause harm

HC

under pressure

Hazard

wnalod

Consequence:

Threat:

wThalod

An event or chain of events that result from the release of
a hazard

That which releases a hazard
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\‘ma:o:r Top Event:

wnalotl Control of Threats:

The first consequence

HC
under pressure
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&-n,a,o,, Control of Threats:

an,o,: Control & mitigation of consequences

Barriers

under pressure

IR
§ EXCESSIVE \
N PRESSURE \

\ \\\\\\\\\\\\\\\\\\\\\\\\

Threat Barriers

Recovery (preparedness) measures
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Scenario’s

® Pool fires

® Jet fires

® Flash fire

® Vapour cloud explosions (VCE)

WThalod
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\‘n,a,o,, Pool fire

naunslun1sinn1s Liquid Spills and Spill Fire

w
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Liguid spills

Definition:
"lvlﬁlﬁﬂ%uv{uﬁ'm?emwzv”iﬁ'mﬁwmmmﬁn'lﬂw“smmmm"h'lﬂ,
waziuvzanldesndanuaiudensonun Idnaud
50....200.....up to 350 kW/m?2

. z
msmvinaves POOI fire annsodnnaldmugnsvesiiuii

Spill fires
* uyANITIEUNU

;‘m W;‘lﬁ-ﬂ‘ww fﬂnzﬂlw Venl ey
‘Maximum Weight: 100-tons

* ngANITIUINY
* Jasnuunasraslssmelu

ve o o &, I
* Augullbidniiunszanasaanitiuaning

* AnlnuAgy

I
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* Anlrungu Spill fire

* sziaFasraamavinliiianisnszareaauas Spill

anvauzves Vapour jet ngnilaniasseenuiainne

wmalotl wmalod
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"o (j) Gas

wasnunmelue
Internal Energy
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| Jet dispersion | Transition,
| | |

Gravity

Passive dispersion

Momentum driven Driven by weather conditions

forced mixing slumping  (wind and atmospheric stability)

//

Gas Dispersion Regimes (note: heavy gas shown)



wmaloll Modelling dispersion- some notes &7170]0[’ mstlessunsaimaduahinal (Leaks without fire ¥3o Vapour cloud)

1. enowoonlilogmiioay

2. vaunasvonlszmeliianun (ﬂﬂfi'uﬁuﬁ)

3. Tandrfamsaszngams lnavesma 1dTaniudi @nild)

4. 1¥lemhiwlumsanlovesianinizey na

5. nlaoufiena Il lumailasassTaonsiadesi
nndumileniedutavesiiamaveanguineg

a T~ 1 = [~
Gas luamzilndisezueslimiudeanar uaiisuiv
ADNQUNLBNINNITAIAIINTBUTOUN ALY

6. dndemonazidfadesss Saedud I lunguueame
v $ A o ¥ v o a a E
uazmsegnaseniniedesiunnuioudriinmin dalrvy

Taonzyiuviu duilu 'l Idwesu1i1s Mobile monitor tnuny

REMEMBER ! 323dn1373¢11im EXPLOSION.

Usually they are aerosols of a vaporising release or, condensing water
vapour in the air due to released gas being cold

Clip maandasivFanisiidnai asnsatesriuldWinansdinlnléd100 %

Q.",a,o,, fw¥udnnlyl (GAS LEAK ON FIRE 3o Jet fire) w.nm,o,, Jet ﬁre

Definition:

| Iniiaanusasu azvirliiinsedanusaungs
* swauinlasanen drdslismrsauganissaluale 4N FNIsasavanle
o dlignnsnasilafgld Wivinmsuaaiiu Wiisawanesaaiu (200 — 350 kKW/m?)

wauazguUnsaitranAns “KEEP BLEVE IN MIND-




\‘n,a,o,, Jet Fire \‘,,,a,o,, Sadanwdou Heat Radiation

* NLANTIFINELTDINAY

kW/m?
e Sl 2 ganomex-overall (temp. 100°-150°C)
nsiinAgUnsnitnaABaY; . o
i & 6 Full protection anldgasumasmuainzgis NFPA

* naafiu (Cooling) ) ) ,
8 AuarlismnsngninlWllé (DEP required water spray)

_- o 5 12.5 imdngoydelanaiedesnivsadiu(temp. 500°-550°C

wagUnsallafunanssnuannisdudanladlio ; " . Hiremp )
120 F@acwfeusnpool fire

* uani Deflecting == sasguansznusmumad
* waaifiu Absorbing heat 300 K@mufeunanuadnidudalagns
* vinsauln dwihla Extinguishing?

&771010,[ Spray Water Equipment for Equipment Cooling Q-n,a,o,, Process fires

Typical Spray Waler Requirements for Equipment Coaling
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\‘ma,o,r Process fires &-n,a,o,, winenauDistillation-units

Scenario’s; |
n v v o
* nadliWlveflug) Whinnne Shut downwmhsnawiu uazvinnmasifi * whwlauis Flange leakage

With bigger fires the fires can be controlled until ESD is * wilin + riwzdu Fes fire
complete by sufficient cooling

gmsas Tactics;

o -3 1 LA 5 o e a T | H . Y LY 4
* naalvlidn Wiinnnsauseadisumassaniiuke vize lernSmall fires can be Eqﬂgm“u“”“ﬂ”?“
deal with by applying powder or steam * landuaanuanau

* nlavdlveanau
* yaafiuliAsy 360 a9An
* avndn iU lussuy
ppa pa v L awvo al . VY o -
* nacuind I lndmunulivinnnsannaeinen WAL IWGS

Q-n,a,o,, Vessels W-n,a,o,, ffu/in3essagas (Pump/compressor)

* Scenario:

* Jet fire vida 3D liquid fire
gaas Tactics:

* vyt It

* Scenario:
* ulaaWlududauasiinnsiufadranufeu enainliug BLEVE

BLEVE : Boiling Liquid Expansion Vapor Explosion

* yms7s Tactics;
* Mszuuimaaduanlui® Sprinklerviavdsifiuliasu 360
aranszezing
* sTUNBUNAUMBRUNIRTTLNEUIAY
* nenenuyn iiAansivaAsusesresmar luntusdwinlg
vy
* anawg blingadeseanty

v o - % 1 3 -l J t ) v 1 3 ° } 4 o
o insaulndradsaie Wdismacuiau damn s uasnn
nasvanidiu

. ﬁﬁnﬂwﬁa@uﬂuh’lﬂhﬁﬁwmi spray 11 savinnnsaadiu
Jet nulumiiwunénusa

L o 1 o 1 1 :’
* TAndduazdananssnusiammiaanaulanemna

* WRansaumansznuann Jet via pool fire



N ot s Pipe Rack N ot STORAGE TANK FIRE

. Scenario's: ﬂ'ﬂﬁ'.j.ﬁ‘ TaCtiCS;
. Jetfire *  n valves susiumia iierTaariu
* 3D liquid fires BLEVE o v .oy
o yenldFHnsnareaintuastaingdy
. 5 athesiailie
-, : ° 1 o v o 1]
s Langers o yuaaiulasaialilluugidaanuve
i Gl % ;
* BLEVE risk ¢ vaaasilaviaiia uazdanis pool fire
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Clip
&7710101] '&'Imli]z.l’l’i'm QThalod
* Wein
o ﬁﬂﬁuﬁu « Fixed or Cone roof
* Tihatimel + Internal floating roof
aaa =l
* Uiz miaual

3 = o B e d : * Internal floating roof with geodesic dome roof
. n'm'lNmmwmmumuvﬂmﬁuvnﬂum\r]

1 ° J . g
® N9 ﬂﬂ’\i‘ﬁ]'ﬂu]_l’]?\mﬁ External floating roof

o

* Auranisie « Spherical



*mmo,, Fixed roof tank &ma,m, * Internal floating roof and with geodesic dome roof
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\‘ma,o,l External Floating Roof Tank &malo’l Tank Fire scenario’s

Possible scenario’s:
* Rim seal fire (floating roof tanks)

* BLEVE (pressure vessels)

* Bund fire, any fire that occurs within the containment
area outside the tank shell.

* Explosion in pontoon.

* Spill on roof fire, involving ignition and burning of
flammable material from a hydrocarbon spill on the tank
roof.

* Full surface fire

* Collapsing of the tank
» Explosion in fix roof tank



\‘mmr \‘n,a.o,, msanaw Escalations

] 1 I
Rimseal Spill on Roof Fire * Rim seal fire 1inlug full surface fire
G * Spill Firenundsandainlg full surface fire
* Fire on tank top 1nlug bund fire (slopover)
* fadnaAsgnaninandanufau, wadldudalaomns
Full Surface Fire * Boilover
Bund Fire Pontoon Explosion
o o v )
Qmalotl Ta nk Fires -Thalotl NANNIBU Radlant Heat

o arildegnlsdidenfeulisdinanssnuiudaiiu
dadee How do we know if the fire is
causing radiant heat problems on

gmsis Tactics:

* wppRanssusereaiaiy adjacent tanks?
* 473 Spill fire W Bund daudatriheninadumas
o yimmdeifudeiadio @it dllansovdediuldnsy ¢ wavdedlhilummdadiurinls How much
360 a9 fildseaanidy) clip cooling water do we need and where do

* wrannauidsmnapplication rate mu NFPA we apply it?




\‘n,a,o,, &‘m@f Boil-Over

wiiunnaliiiamsdiamanusau(heat wave)asdsugis

1ot ;

Boil-over sunsavildifannsininandsluaule.

* vnusu Crude oil

S * yinsfumn Fuel oil
Boilover

(3
ISR, T4

uitlifiHeat wave

¥ o e
CLELERERRELERE (AL e inhuuwiuMogas
' 2 Heat wave 1 m./hr. * uniuinm Kerosene
i

e ynivsiaa Diesel

\‘na,o,, \\77,,,,0,, Ismsaarien]Waumnas

1. Bounce-Off

Aomsaalnulznzgnsaiviomisudq vnea vy lva
lldarmyhveansaunas

Slopover
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Flrewalor \
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2 b Hydracarbon
Grdo CH e 3., Foam/Troth
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' 3. Rain-Down

o v a Y a
2. Ban k'ln ﬁﬂ mifiﬂanmumﬁ’wv]umnuaﬂnﬂaﬂﬂmnam'mm‘umnmmm
- - A 9ay a a axd
AemsRarlea rlulznzasituudr e Tvlu Ina linquAvesneamdaz 35

v

2 ; : o
aunsaldduinan lufiomadiiaudreuinfa

~ 9 i o 3 - - & J a ' a ar a
‘ma:otl domssrilumsiimherThudumds ‘7770'0:’ Uszinveuromasiinanoms 15siiaves Tulumsaumas

1. ‘hinsdalludi W luiuiiqs Spray h13
2. hinrsdaTuasludaiuiuiicahida 1 erwi ¥ ihadndld

* msazae (Polar Solvent) . Hydrocarbon
* annsazaeninlg * Talazanmia
* wu Alcohol, MTBE * aayagAani
* 1nanSeazaeshiniunlarin * 17 Gasoline,

Kerosene
* AInddaan
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\\,,,a,o,, % Foam nuname plate venaTuw \‘,,,a,o,, Application of Fixed roof Tank Fire as NFPA 11
Table 5.2.5.2.2 Minmaun Discharge Times and Application Rate fol{ Type Tand Type II I I
Fived Foam Discharge Outlets onl Fixed-Roof (Cone) Storage Tanks Containing ?
Hydrocarbons e p—,
1 = = i, Sy
Mirdmun Application Minimum Discharge Type 1
Rate Tinse (nir) B
TypeIFoam Type II Foam —~pn/ e
Hydrocarbon Type Lin' m?  gmf®  Discharge Oullet  Discharge Ouet _ — ~
Flashpoint between 378°C and 60°C 4! 010 il kil s =7
(100°F and 140°F) Nl g
Flashpoint below 37.8°C (100°F) or 4} 010 30 55 —
viumsnae 194y Hydrocarbonialil daudamdaldiy i bt % Type:2
Polar solvent Crude peiroleum 4 010 ] 5 [:]
LA
Qma,o,r Application of Fixed roof Tank Fire as NFPA 11 wThalod Application of Fixed roof Tank Fire as NFPA 11
57 : ) . fan fontRe g T ; e
Table 52422 ‘Foam Handhnz'and l'\I.om;? iotef:on for i"md Roof Storage Tanks ] bl 651 Mo Discange Tims and Appliction Rates f"m‘ ‘
wHREg TR Application 04 Fived-Roof Storage Tanks | :mt
mmnu L = Mixdrwm I e S Y SR e
- lication Rate Subsurface injection
ischasge Time L e
Hydrocarhon Type Limin © m? 9..131 (i) Mirimun Discharge ﬂ?ﬂl.?ﬂnﬂnﬂ.f_h:m'\ -
(100°F and 140°F) Flash point between 37.8°C end 60°C ki 4] 01
Flash point below 77.2°C (100°F) ot iquids 65 016 €5 (I00°F ang 141°F)
heated above their flash points Flash pomt below 37 8°C (100°F) or liquids 53 ﬁ.l 01
Crude petroleum 65 016 ¢ heated above theis flash points

Cruds petsolewn 5 4] 01




\‘ma,o,: Application of Rim sea] Fire as NFPA 11 Foam Application Method for Fuel

. Flammable e S Tvoe | Pea::lfoarm TYPr:ii S:::szljfa:e
APLICATION RATE = 12.2 |/m/ m? for 20 min. Liquid el

Application Density and

Fuel oil No.1
Fuel oil No.2
Fuel oil No.4

37.8 to 93.3 ° | 4.1 Ipm/m? | 4.1 Ipm/m? | 6.5 Ipm/m? | 4.1 Ipm/m?
for 20 min for 30 min for 50 min for 30 min

Gasoline
Hexane
Toluene

Crude
Petrolem

Water-soluble, Hydrocarbon-type flammable liquids require foam concentrate with a

4.1 Ipm/m?
for 55 min

concentration value of 3 percent.

Some Foam concentrates allow for proportioning at 1 percent on hydrocarbons

&,,,a,o,, mMsfu Tny
Flammable | Porous Tube Foam monitor = (Appl. rate) x (Fire area)
Liquid 9 (Flow rate) = 6.5x200= 1,300 I/m

Application Application
Density and Density and
time*® ti

Gasohols
(more than 4.1 lpm/m” for30 | 4.1 Ipm/m” for55 | 6.5 Ipvm/mZ for65
% alcohol minutes minutes minutes
volume)
4.1 lpm/m” for30 5 Ipm/m” foré5 | Recommend
minutes i minutes

8 Ipm/m” for65

Foam Solution = (Appl. rate) x (Fire area) x (Mini. Disch. Time)
=6.5x200 x 65 = 84,500 liter

Foam concentrate = (Foam solution) x (% Foam)
= 84,500 x3 % = 2,535 liter

Water supply = (Foam solution) - (Foam concentrate)
=84,500- 2,535 = 81,965 liter

minutes

* Water-soluble, polar solvent-type flammable liquids require foam concentrate with a

Mobile Foam Monitor

concentration value of 6 percent
Some Foam concentrates allow for proportioning at 3 percent on Polar Solvent Foam Concentrate fj Fire water (Supply)

au NFPA 11 425.2.5.2.3 1:u1’7n'wﬁwﬂluapplication rateawnmnanianadliusfadlshisnndt70%auin




wma,o,r QEGIOII n1sdenns Functions of command

O'I s - - . . H ;- o L o
NSTINISA L.Avsnamgnisad Ce.nS'.d.e,[ the lnCISent v finaslsaudl
duiniduviagoywsvselal, Hdunsearls?

FunCtionS Of COmmand 2.fasandnanm Consider your possibilities

assessment of facts, mawmauazgunsnifumdaiame
visali
3.4hannumaudraty Set the priorities

4.nnsdnduilauazdeansgiinTake decisions and
communicate organize and use commands

5.nmzafnrdtyuazindslafineiu Motivate and be in control
investigate again

63

| 1
Qn,a,o,, 1. fansaswsnisnd Consider the incident wThalo:I ANDNINNLRN
mmmu’lumanﬁ: Q 'Wiwstels? O Ardunawils?
> Anarlstn? Q fnsAlvanis? a f?’nr‘flnfx)mammwmmmﬂu
o y atials?
> {ifunsduvitegomnaviielal? O blanwuoinls? 4
O saamadlon? Q duldszinmerlndu Jet via
» flanshwvieadvield? IR i . pool fire?
Q funaduiegymasunuwihls? i 0
>3 5 0O faneanuazannuiian?
nAnTaY Q aovivasdumdu? $ D
. Q szuvszineinduednals?
>80 O snvouzassmsunaidu?

i ;

Q Tanainverlmeglunsunny?

D - o e v I,
Hnmusiiuresns g’

v
- oa o

Z ¥ 4.

O sruvdum@ssiaselufiuivinamg
aalsl?
visall?
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-Ma:o:l 2' ﬁqq?mqﬁnﬂﬂqw wmaloll 3. 'ﬁ'ﬁﬁ’lﬁ’um’mﬁ’]ﬁm PHOI’ity Settlng
Consider your possibilities assessment of facts

Q saenlasniu Own safety(swmls, szuzine, PPE)
Q ufawvpuazseu Alarming, report ('( =i
i o ") E€scape

Ask questions: Q amnlaensvussdau Safety of others
Q Aswaumanisal Controlling the incident Tauems33deiu(Defensive)
O suméa Fight the incident tnagmsagiden (Offensive)
U guandsdmniave Aftercare

- Protection of open flammable or toxic products

- Collapsing structures

- Clean-up the area

- Check equipment and clean it
- Truck relocated and refueled

Q fesnnsqunsalfumdserlnie?
D ° o = <4 -f)
maaieanaviialy’?
v -~ a 2 ° ' 7
O desnsarsiumdserlaiauazamauyinls’

Q feamaddaemizeld?

3%
AFFF
B

67

bb

w'ﬂwalotl ﬁ‘!ﬂ ﬁﬁ%‘ L%\'] ‘FU DefenSive wmalotl F_qu] ﬁﬁ%‘ L%Q ﬁ;ﬂ Oﬁe n S i Ve

o dl o 1
O sdaFesndunme il Q rdmadaaiiaane Enough personnel available

J
Q NEANTEUIUNITNAU U Weyareawmamaniimunudadainuaiauios

Q ﬂmﬁu’bﬂﬁqnmu QO muaumanisalldeglusednia iy saussdumdedisadnien

* yanfiulng Wsruusumasn ludFn1anu

\ d X
* Fnvdssanunidudneeeium
v « o - o J v - Ve o e
* dgunsninumariinindeudadin iiussuudnludiRainszesing
* W pre-fire plan el
* nstanuu




‘\ 4. nasnaulauazdeaisgi ‘\ 5.11985 919ty uarialanuenu

Tharod Tharod
Take decisions and

> nnsdminus udaspAularn NN Na LIV LA AR EN?
v« Planning
e lduannns:
1. gliasu 360 a9 : LOOK
2. Asvihunu (THINK

o i o o o o
3. NIATHUNY . ACT lagvinnluu vinazls vnetinals

D NNTATINADL ANALNTNTDIUNY

e .
QO Yiuwudiefideyaludidiunudaudagiia

U Wanudrdtyiunisananduaudrftyatiasaiio
0 deviuladumgnisainunulaaaiiagi attach

O dunldsuidmantreaiiaus
» nsdedns

O What must be done?

O Where must it be done?

[ When must it be done?

O How must it be done?

O Why must it be done?

0 Who is the best for this task? C_hg

4 4
O a1wns, weizeann

70 . — 71

wma,o,r Exercise # 2 wThalotl a31/ms3an13 Process Fire vualng Tagvian 3 C

) 1. nmavaaifiu Cooling )
it cooling odihien 2,000 o,
Mobile monitor 1ualngy
2. neaupuwensad Control
- naugamniaenais/vuga Pump siie Emergency shut down
(unnsanusesuazdamaa)
3. nearinveuwn Contain
- natlafudemaslifesnan (Isolation)
Clip - matasiugunsaiinaAeg
- maamienTruFUmg
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Tharod

asimssamsnssiia Tank fire

S g

nsainy bund fire 1dimsia Foam dunsu
° o o (= [~
viims cooling dahafes monitor Temp dusze:
g‘ o g o o
nasnIMuumuIn e TNy udutaziIfauaziinig Wy
Yy 9
voalvinsoy
Y] %’ o % 1 = = = ’o‘
gszaniniuludy 1l room iisawe lumsasiien Foam
mmsaa Foam
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N1TOUIUVENGAT NSUWAINVUNUFIU CPR / N1519LATR AED




o L &
‘luaamwwegsun?mnaﬂsu
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wingas mideFinduiugm cermildinies AED fufi 1 A 17 WumAN 2567 fuf 1 A 17 WoumAN 2567
THAWANIN fo-wnn Ak 1281 9.00- 1200 % R Fe-umn wnle 1381 9.00- 12.00 .
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Sy
F
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wingas matawiasuingn CPR/M1ldiadas AZD Wi 1 W0 17 wopman 2567
ERCITHERI fo-ana duwsia

1981 9.00- 1200 W. |

LYUTY

BwvuwugIu (CPR

s

nnOindowoBs IFidknSos
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