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<5 A pool fire occurs on ignition of an accumulation of liquidas. K M U T N B
7 pool on the ground or on water or other liquid. A steadily
burning fire is rapidly achieved as the flame vapour to
sustain the fire is provided by evaporation of liquid by heat
from the flames. The maximum burning rate is function of |
the net heat of combustion and heat required for its
vaporization. Generally heat radiation dominates the
burnir- rate for lame greater than 1m diameters.
4R www. il mh [l
A jet fire occurs when a flammable liquid or gas is ignited after
its release from a pressurized, punctured vessel or pipe. The pressure of
release generates a long flame, which is stable under most condition. A
flash flame may take the form of jet flame on reaching the spill point. The
duration of the jet fire is determined by the
release rate and the capacity of the source. A,
Flame'length increases directly with flow rate. |

Typically a pressurized release of 8kg/s would
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st A flash fire occurs when a cloud of flammable gas and_air is jonited. Fhe
~4speed of burning is function of the concentration of the flammable
component in the cloud and also the wind speed. Within a few second
of ignition the flame spreads both upwind and downwind of the ignition
source. Initially the flame is contained with in the cloud due to premixed
burning of the regions within the flammable limits. Subsequently the
flame extends in the form of a fire plume above the cloud. The
downwind edge of the flame starts to move towards the spill point after
consuming the flammable vapor downwind of the ignition source.

The duration of this fire is very short and the damage
IS n,auggr;l by thermal radiation and oxygen depletion.

]

A fireball is defined in CCPS (2003) as an intense
spherical flame resulting from a sudden release
of pressurized liquid or gas that is immediately
ignited.-Fireballs are most commonly caused by
BLEVES, which are described in the next module
section.
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The ignition of combustible gas or vapor releases in the open atmosphere. It

will only occur if there is sufficient congestion or in some cases turbulence of
the open air is occurring, VCE are high-speed, but have subsonic combustion
resulting in a deflagration not a detonation.

Four conditions have to be achieved:

There has to a significant release of flammable material. &%
-The flammable material has to be sufficiently mixed wit &= §
the surrounding air. -There has to be an ignition source.
-There has to be sufficient confinement,

congestion, or turbulence in the released area.

PEAK OVER - EFFECTS
PRESSURE ,psi
1 Knock personnel down 05-1 Glass windows break
5 Rupture eardrum 1-2 Common siding types fail
- corrugated asbestos,
15 Damage lungs shatters
hreshold fatalit - corrugated steel, panel
35 Threshold fatalities joints fail
o - wood siding, blows in
50 50% fatalities
2-3 Unreinforced concrete or
65 99% fatalities cinder block walls fail
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pact of Vapor Cloud Explosions onj.eomb

PEAK OVER - EFFECTS

XTNR
527 PRESSURE ,psi

o &

1 Knock personnel down 05-1 Glass windows break

5 Rupture eardrum 1-2 Common siding types fail
- corrugated asbestos, shatters
- corrugated steel, panel joints
35 Threshold fatalities fail

- wood siding, blows in

15 Damage lungs

50 50% fatalities
65 99% fatalities

2-3 Unreinforced concrete or
cinder block walls fail

FEAUAINAU(psi () FELALNANTESNLU
UUIANGULANLASRIAN LNTALARIANGLR LU
(Windows usually shattered; some window frame damage)
v‘i'flm”ﬁ'mmwi'mgnﬁ'm'm /'l,simminmﬁzmgj'fﬁ
(Partial demolition of houses; made uninhabitable)

PN AN NI LA URIAT LW LINRIUNIN AN
(Partial collapse of walls and roofs of houses)
Tﬂemé’"ﬁqmﬁﬂgnv‘i’nmmmwg AAINFIUIIN

(Steel frame buildings distorted and pulled away from foundation) d
ion-in the-Process Industries, Vol. 1. London and Boston, 1980

0.5




The result of a vessel failure in a fire anc

release of a pressurized liquid rapidly
intothe firev A pressure wave, a fire
bal}l;f.fvéssel fragments and burning
ligtid-droplets are usually the result.

@ youtube:BLEVE Demo
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Distance Comparlson(me&m)

/ 1- (N -1
VENTORY BLEVE UVCE FIRE IBaswExmoswnPﬁnciplesI
tonnes D | ﬁ t
tonnes) omino effects
1 18 120
Primary Scenario Escalation Vector Expected Secondary
Scenario’

Pool fire Heat radiation, et fire, pool fire, BLEVE,
fire impingement | toxic release

Jet fire Heat radiation, Jetfire, pool fire, BLEVE,
fire impingement | toxic release

Fireball Heat radiation, Tank fire
fire impingement

Flash fire Fire impingement | Tank fire

Mechanical explosion’ Fragments, All
overpressure

Confined explosion’ Overpressure All

BLEVE (boiling liquid expanding Fragments, All

vapour explosion)’ overpressure

VCE (vapour cloud explosion) Overpressure, Alll
fire impingement

Toxic release

"Expected scenarios also depend on the hazards of the target vessel inventory,
"Following primary vessel ailure, furthe scenarios may oceur (e.g, pool fire, fireball toxic

release).

“Any of the scenarios listed in the first column (primary scenario) may be triggered by the

escalation vector,



What is Risk? e,
isk is defined as the poss1b111ty of loss (J.R. Taylo@— VV TR

# Ifz)ﬂ1ﬂ’sll@Q‘]JNQ’Q/!‘I’WC]ﬂ:lﬁﬂ!ﬂ!ﬂﬂslﬂ!!!ﬂ?ﬁﬂWﬁﬂi%ﬂUﬂ@?ﬂﬁ!ﬂi%ﬁﬁﬂ/!ﬂ]
nanalaginvinlemanazinatazHansny (AS/NZS 4360 Standard)

4 # NAANNVDINNNUIDZNADUATIY HAZHADINOUATIEY (Und.niTuN
3 N.7.2542) Risk=Probability x Consequence

# 1SO 31000:2009 (¥oN. 31000-2555) defines risk as:

The effect of uncertqinty on objectives. \ *Can have different aspects
A deviation from Deficiency of e.g.finance, safety,

the expected— information relating environment goal

positive and / f’r to an event, its «Can apply at different
negative(MatDeauy consequence, or levels e.g. strategic,
NANNUMATIY) likelihood department, project

mﬂmmmm (Rlsk) anmsmanuanuilildla /Temmlamﬂﬂmm
11
WiRgR g danenS wady




A anuinloda 315zm3neIny Risk s

Risk must be eliminated at all cost.

.Playing it safe is the safest thing to do.
Ve ‘ Safety is a wayth, Risk is reality,
doy. Take the road less

g véwntured, nu{hinﬂ qained.
The advenkure is within. Boldness

has rg;‘:.. Take thwe first step.
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ILO. Major Hazard Control : A practical manual

®
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World Bank Technical Paper No. 55 ,Techniques
for Assessing Industrial Hazards , A Manual ,1988

API PUBLICATION 581, Risk-Based Inspection Base Resource
Document , FIRST EDITION, MAY 2000
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ISO 31000 2009 Risk management ; Risk Assessment Guideline :

a»"‘

31010 2009; uaz 1e9n.31000-2555 ﬂ15ﬂ31’i15ﬂ’313~l!ﬁ’ﬂx‘1
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METHODS OF RISK ANALYSIS
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ANNIVERSARY
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N B

Qualitative
Analysis

Aa ¢ A
UANNSHIBINUMN

l¥msesuiglemaing

Semi-quantitative
Analysis
a d A d!
InNzrirInadsuna
Mrivamvedlomalna ua

Nan3ITNU

HasHanNITNU Sl
ﬂ]ﬁlﬁ!ﬂﬁ!!?ﬂ%l“ﬂﬂ]ﬂﬁﬂ
Use words to Give values for
describe ranking scales
likelihood but not the realistic
and CONSEQUENCES |\ yalues for risk  (eg
(9_9 high, scale 1-100)
medium, low)
|
, unvlnua?
@Emgﬂﬁﬂmﬂ@fﬂhdhﬂ%ﬂhﬂﬁ%ﬁmluqy

Quantitative
Analysis
a d A
IR I R EE AL
1% nszuIUMTARIATaNS
@nuazilunazada)
amvivamlomaiDauaz

Nan3IcnNu

Use numerical
values for both

likelihood and

Consequences
(eg. loss $5 million)
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Risk = Frequency x Consequence
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i 49’ ! 2 ° °
o NIYUNdUAIIY (Hazard Identification) n~~-vznsaav
» /™ Checklist < K M VV T N B

®  What-If Analysis
"  Fault-Tree Analysis (FTA)
" Event-Tree Analysis (ETA)

®  Preliminary Hazard Analysis (PHA)

It's eve
" Failure Modes and Effects Analysis (FMEA) resﬁ s|b|I| :

® Hazard and Operability Studied (HAZOP) [
(‘I]N‘l.liwfnﬂﬂﬁ ﬂﬁ?ﬂﬂﬂﬁ]cﬁﬂﬁﬁuﬂnﬂﬂ 3(N.11. 2542)

1960 - 2001 1960 - 2001 1965 - 2001 1970 - 2001 1972 - 1974 1974 - 2001
Safety Check Lists Relative PHA What if HAZOP
Review Ranking

Walk Historical ICI Mond Preliminary Brainstorming Hazards
Through Lists Index Hazard Operability
Inspection Analysis Analysis
Yes / No Dow FEI
Hazardous Mtls Line by Line
Hazardous Opns Deviation 18
Analysis

This presentation only considers the HAZOP technique.



o K ad "\ =
< lsk Assessment Techniques ’Jiiﬂ]‘ﬂuﬂ”l‘iﬂi%!%ﬂ!ﬂ?]”IN!@’ENGHNNWI%@RI;Q
;\?.;cﬁf 1. Brainstorming 17. Cause-and-eﬁectén%ls_l{ T

2.  Structured or Semi-structured | 18. Layers of Protection Analysis

Interviews 19. Decision Tree Analysis
3.  Delphi Technique 20. Human Reliability Assessment
4. Check-lists (HRA)
5. Preliminary Hazard Analysis |21. Bow Tie Analysis
6. HAZOP 22. Reliability Centred Maintenance
7. HACCP 23. Sneak Analysis
8. Toxicological Risk 24. Markov Analysis

Assessment 25. Monte Carlo Simulation
9.  Structured What If (SWIFT) 26. Bayesian Statistics and Bayes
10. Scenario Analysis Nets

11. Business Impact Analysis BIA | 27. FN Curves
12. Root Cause Analysis (RCA) 28. RiskIndices

13. Failure Modes and Effects 29. Consequence /Likelihood Matrix
-Analysis (FMEA) 30. Cost Benefit Analysis
14. - Fault Tree Analysis (FTA) 31. Multi-Criteria Decision Analysis

15. Event Tree Analysis (ETA)
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R&ID
Conceptual Design

Pilot Plant Operation
Detailed Engineering
Construction/Start-Up
Routine Operation
Expansion or Modification

Incident Investigation

000000000:
000000000
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000000000
000000000
000000000
000000000
000000000
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000000000

Rarely used or

Commonly
inappropriate

used
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Fault Tree Analysis (FTA) F‘ﬁb

AnAUNalag W.A. Watson l¥inunaaninavisgaluil ﬂ.ﬂ.l962!‘i@ﬂ_—ﬂl urpsugs
Tﬂﬂﬁmsmﬁamiﬂ (Logicﬁmﬂzﬁwa"lﬂmmw"ldmmmﬁauﬂﬂ"lu im"lﬂmmwmmmim
wumu (Basic Fault Event)ifinszviaeliala amumuﬂmmmﬂmmmmmwm
ilosmnlfimams sz ldriunNuRanaarsen NN dNHan

o = v Y d' [ v UA < d! < d' %
MruarasniIveuduns e giiamanuilu Top Event Fuilunaninmanfesmsnsiu
ANUAANMA/ANNANTA? lagodedaanwaiuazanavi e ld lunsIaszy FTA

Heydnuol ¥o ANUTING
3 dx a y A A o
- O~ | And Gate UM saing Ao InnHAEa IH/MAM s VLENNA
ETE 2 :
S > | orGate ImaMsaaznaduldieInnauHalaT IHAYHIYe I NTALDE
da = a 4 a 4
O Basic Event | amsasiinaduldaan@ifluaumanugi lidesdmnzvimawnaee
Fault Tree mamsaidesfigwalidamamstinetios suihumglHifaeiinme
Event

Undeveloped !‘ﬁﬂf'n‘iﬂ!fjif]fjulilﬁ’13~l1‘§ﬂ’3£ﬂ‘§1u1’i1’ﬂﬁ1!1’iﬂﬂﬂulﬂ mmmn"l if] ﬁﬁ"l»!‘]Jﬁ‘H‘l»!
~.»| Event

d d' < d' o Y A d v d?
I | External Event mq}mimmﬂuan/ffcnﬂnmuan‘nnJummqwm‘lmnamqmammaqmu
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79879 Fault Tree Diagram
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. N a ¢ a . .
Event Tree Analys1s (ETA)!ﬂH!ﬂﬂuﬂﬁi‘muﬂ'ﬁ?lﬂﬁ131111@111’11!‘“\1&5]5571 (blnary loglc)
ﬂ%’nﬂﬂ‘ﬂ FTA !‘I"iiﬂ‘”Eﬂ?‘i‘i‘ﬂﬂi?‘ﬂﬁ@‘ﬂi”‘ﬂ‘ﬂﬂ?‘ﬂﬂﬁl sm“'lummiﬂwmsmm Root Cause 114!
!!ﬂﬂuu1ﬂ5ﬂ1‘§ﬂﬁu!‘l"iﬂ?‘1ﬂ !W@ﬂ1ﬂﬂﬂﬂ1ﬂiﬂ]i/ﬁ”ﬂﬂﬂ@\‘iﬂ‘l«!/Safe Guard

Brake Sensor Brake Controller Actuator Fails Result
Fails Fails
— Yes(.25) )
< Brake fails{.005)
e Yes(.1)
<) No(.75) _
% Brake fails(.015)
= No(.9
= Yes(.2) %) _
ag Yes(.25) Brake fails(.045)
- ; »
ffg No(.75) Brake fails{.135)
No(.8
= bt Yes(.25) Brake fails(.02)
&° Yes(.1
= 1) No(.75) Brake fails(.06)
&
= No(.9) Brake fails (.18)
o= Yes(.25)
Yes=l1/a 152 No(.75) Brake engages(.54)
No=ai#ia?
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Figure 1: Example of an event tree for a brake system
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-First used in the 1960’s in the Aerospace industry during the Apollo missions
-In 1974, the Navy developed MIL-STD-1629 regarding the use of FMEA

Z¥&sKailure Mode and Effect Analys1s(FMEA)r1Jumﬂuﬂmsamﬂmwaﬂﬁ 7

-In the late 1970’s, the automotive industry was driven by liability costs to use
FMEA. Later, the automotive industry saw the advantages of using this tool to
reduce risks related to poor quality TagaizFord Motor Co Ltd.
1135123 FMEA @199 1215801010 P&ID (Piping and Instrument Diagram )
-!ﬂumﬂﬁﬂ‘ﬁﬂl“mu Reliability Engineering

! v 9
n3039n3/g1lnsayszul Failure Mode

Pump T‘igﬂ!a‘u /Seal Leak /Rupture

Valve uan /5ymalumawidanmasdasilaninna

\J
] a9 . v v U

N0, 2o~ AN Yin 373 9AAU

Q

sensor No signal ,Error
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isk Priority Number (RPN) is the productigfithe:

. . _ K M BFOfe'N B
everity, occurrence, and detection scores.

[Severity] X [Occurrence} X [Detection} 7 RPN

Severity :Importance of the effect on customer requirements

Severity 1 = Not Severe, 10 = Very Severe

Occurrence :Frequency with which a given cause occurs and creates
failure modes ;Occurrence 1 = Not Likely, 10 = Very Likely

Detection :The ability of the current control scheme to detect or prevent

a given cause Detection 1 = Easy to Detect, 10 = Not easy to Detect
There are a wide variety of scoring “anchors”, both quantitative or qualitative

Two ,typj,és of scales are 1-5 or 1-10
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FMEA .Occurrence &Severity of Effect F‘ﬁb

>|/Probability of Failure oAU | Az K MUT N
Effect Criteria Az
Extreamely High 1Tu2 1 10 ne
P "Hazard or legal = Jymeanuiasansg 10
nNeuUaeNIN 2 & U
: N 11‘“3 9 infringement Fadangning
=*Warning of ).
High:will occur 11u10 hazard of legal =Jaymanaudaaadieg 9
| . 8 wasgnLiiaw
requently LA lauae | 1lu20 —
7 =Vary large " {inavh i e 8
effect ann haoulsile .
ium:wi 1lu100 | 6 v - - Or
Medium:will occur "Large effect =yhaule Uszansmwen
occasionall N UNBN 1luso0 | 5 . - ] .
142000 | 4 sIntermediate | "finathunar vhowlai | 6
effect d2@1n 5
Low:will occur rarely | tluniiu | 3 sSmall effect | =5 57708 viouliazenn i
=N v Y ]
(e lotiaa/enn 2 very smalleffect | g atioznn fl#an
- 1Tuueu : e —
L *Minor defect | ®#inadntios eunluidn | 3
Zero:will'never occur |11y |1 =Slight defect | *fuaidntiaaufiauidn | 2
gj 1T a o
2zlaiin 2

=No defect myifine azluheay
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FMEA:Detectability &RPN=S*0*D F~~ *>

Detectability Likelihood of Detection | azuuu < KMUTNSGB
Undetectable Taignsnsansiale 10 RPN Value wisea
Very Difficult to 522 LA EINHIN 9 = v
Detect 1<RPN>136 LHENUDE
Difficult to Detect M52 kA8 8 1]
137<RPN>504 TUNEN
Very Low Tamanslalavassnn 7 y
Possibility =~
- 505<RPN>1000 | bEENEN
Low Possibility Tamansalerias 6
The ¥ FMEA Steps
Intermediate Tamansa lauu 5
Possibility N8 | Sclect Process |
Fairy high Tamanvaldraudiegs 4 I Assemble Tr-_'-.;l*r'h, Resources I
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I Tdentify Potential I
_ - Y I |dert] Py F*::-tantlal {ITAUNGaE & I
Relatedd Process CTonlirals
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(Parameter) 15U Flow, Temp., Pressure ,Level iuau !ﬁ?ﬁ!ﬂ‘ﬂ%ﬁ’hﬁiﬂmﬁ (e
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VUABUMIMNBVUMINAUNAUA HAZOP f\/@b
1. MnuaveLUnvesszuL/gilnsal (Node) mwmmwu@ﬁaﬁ@bﬁqﬁ =
g1lnsald1Asy 151 Pump, Heater, Heat Exchanger
2. 159N oM INAN (Process Parameter) (44 AINAY QUHHH ONTIN3
v Yy A . d' Y ] % U
Tvia szaua uauaen Guide Word nivisnzlflal3ures« vounnses”
a o a ¢ A

3. Nosanmaungnmlfinaasumsasdssvilioinmesnuu 1w aune

Aa o d o
M3iia High /Low Pressure iluau thaunghfldlures “asmumsaidnasy”

4. wmammawanmmﬂume “mﬂmﬁm‘nmﬂﬂmm”smmumummms

v
=
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Guide

word
No Low High Part of Also Other than Reverse
Process-
variable
No Low High Missing . Wrong Reverse
Flow flow flow flow ingredients Impurities material flow
Low High ~ Low ) High
Level Empty level level interface interface
Open to Low High
Pressure atmosphere pressure pressure Vacuum
Temperature . Low High - - - Auto
Freezing temp. temp. refrigeration
. No Poor Excessive Irregular- Foaming - Phase
Agitation agitation mixing mixing mixing separation
. No Slow "Runaway rPar::aln Side Wrong Decom-
Reaction reaction reaction reaction” eactio reaction reaction position
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are mixed, diammoniumphosphate (DAP) results if the -

reaction is complete. If too little phosphoric acid is

added, the reaction is incomplete and ammonia is

reaction is incomplete and ammonia is produced

Diammonium
Process Unit: DAP Production PhOSDhate (DAP)
Node: 1 Prccess Parameter: Flow
GUIDE ‘
WORD DEVIATION CONSEQUENCES CAUSES SUGGESTED ACTION
|
No No Flow Excess ammonia in reactor, (1) Vaive A fails closed Automatic closure of |
Release to work area. vaive B on loss of i
flow from pnosonoric]
acid supply |
(2) Phosphoric acid
supply exhausted
(3) Plug in pipe; pipe
ruptures
Less Less Filow Excess ammonia in reactor. (1) Valve A partially Automatic closure of
Release to work area, with closed valve B8 on reduced
amount released related to flow from phosphoric
quantitative reduction in (2) Partial plug or leak acid supply. Set 1
supply. Team member to in pipe point determined by |
calculate toxicity vs. toxicity vs. flow
flow reduction. calculation
More More Flow Excess phosphoric acid -- =L !
degrades product. No i
hazard to work area. I
Part of Normal flow of Excess ammonia in reactor. (1) Vendor delivers Check phosphoric
decreased con- Release to work area, with wrona material or acid supply tank
centration of amount released related to concentration concentration arfter
phosphoric acid quantitative reduction in charging
supply.
(2) Error in charging 34
phosphoric acid
supply tank




Failure Data for Specific

ANNIVERS AR

Components (.I.R.Taylor,155&)2“\}“\?N :

Failure Mode

Failure Rate

_7122U02-61158N DY

—NAYUIN2-61I5ININ

0.001 05968 UBI LN DLNGT

0.0001 05968 IUTI LA DLNGS

Vv 3

~MUNIF (Globe Valverinm21id)

~579uM8 Ualule

1 Tuduzlas

6 luaunIla

- UNnyUNIENT)

~Juvhou /vgerhanunssiuvy

6)

30 ludurlug

6)

20 Tudurlug

—Level Sensor AN

6)

50 ludundlug

—Préssuré Switch Taviheu

6 LU UBILN

~Flow Sensor 1ﬁiﬁ§ﬂgﬂﬁm

4 Tudurlas

Dgparimen of Tndustwial Baginesring
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FAILURE FREQUENCY DATA BASE ~A D
\

‘ ANNIVERS AR
&5 } Failure Frequency Failure Data Base Failure (&‘?qlﬁlcy HEFQtaﬁasb

(time per year) (time per year)
Smith and Warwick (1981) Less, 1983; King, 1990
Power Failure (PEA) 10 Pressure Vessels (General) 0.026
Limit Switch Failure 1x10™ Pressure Vessels (High 2.56x 107
Standard)
Level Switch Failure 82x10° Pipes 1.71x 107
Operator Error 1x10° Pipe Joints 4.27x 107
Pressure Control Fault 1x10™ Gaskets 4.27x 107
Solenoid Valve Fail to Close 1x10° Bellows 0.043
Level Alarm Failure 82x10° Diaphragms (Metal) 0.043
Vent Gas Failure 2x10° Diaphragms (Rubber) 0.068
Inter-unit Pipe (General) 3.5x107 Unions 3.42x10°
Emergency Gen. Fault 1x107 Hoses (Heavily Stressed) 0.342
Mechanical Failure 7x10° Hoses (Light Stressed) 0.0342
P. Trip Signal 0.2/D or 5.4 x 107/Y Relief Valves (Leakage) 0.017
No Immediate Ignition 0.5/D or 1.4 x 10°/Y Relief Valves (Blockage) 4.27x 103
Immediél'té"‘l‘g‘iiition 0.9386 Valves (hand-operated) 0.128
Sudden Weather Change 1x 107 Valves (ball) 4.27x 103
Third Party Error 1x10° Seals (rotating) 0.0598
Seals (sliding) 0.0256 36
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FAILURE FREQUENCY DATA BASE F\f/\\b

ANNIVERS AR

W \\ 2 o0
v Failure Frequency Failure Data Base Failure Q\lﬁ‘re“enﬂ ﬂurﬁr])aﬁ B
(time per year) Base (time per year)
Smith and Warwick (1981) Less, 1983; King, 1990
ImpulseLines (Blocked/Leak) 0.09 Seals (“0” ring) 1.708 x 107
Pressure Switch 0.13 Filters (blockage) 8.544 x 10
Cable(Fractured or Severed) 0.03 Filters (leakage) 8.544x 107
Loss of Electric Power Steam 0.05 Pins 0.128
Shut-off System Nuts 1.708 x 107
Relay (Complete with Wire) 0.08 Bolts 1.708 x 10
Solenoid Valve 0.30 Boiler (All Types) 9.398 x 10°
Loss of Electric Power 0.05 Pressure-indicating Controller 1.15
Trip Valve 0.25 Pressure-recovery Controller 1.29
Air Supply Line (Block, 0.02 Flow-indicating Controller 1.51
Broken)
Loss of Air Supply 0.02 Flow-recording Controller 2.14
Pump Shut-off System 0.02 Level-indicating Controller 2.37
Relay, e't'c:',"»it'sﬁal;qve 0.08 Level-recoding Controller 2.25
Pressure Rélief Valve 0.02 Temperature-indicating 0.94
Controller
Flame-failure Detector 1.69 Temperature-recording 1.99
Controller Trip Initiator 37
' canization, Major Hazard Control), 1998




Column

Dapariment of Tudusirial Bagineasiag NMNAPI Publication, May 2000

TemalumsiiamsSiinavesailnsal (a5e/i)

Uszinngilnsal

Centrifugal Pump

Compressor , Reciprocating

Heat Exchanger ,Shell
Pipe 1 inch diameter, per ft
Pipe 2 inch diameter , per ft
Pipe 4 inch diameter , per ft
Pipe 6 inch diameter , per ft
Pipe 8 inch diameter , per ft
Pipe 10 inch diameter , per ft
Pipe 12 inch diameter , per ft

Pipe 16 inch diameter , per ft
Pipe ))16 inch diameter, per ft

Reciprocating Pump atmospheric

Storage Tank

3%"3 02571
6x10E-2
8x10E-3
4x10E-3
5x10E-6
3x10E-6
9x10E-7
4x10E-7
3x10E-7
2x10E-7
1x10E-7

1x10E-7
6x10E-7

0.7
4x10E-4

3%"3 1.0%7
5x10E-4
6x10E-3
2x10E-4
1x10E-4

6x10E-7
4x10E-7
3x10E-7
3x10E-7
3x10E-7

2x10E-7
2x10E-7

0.01
1x10E-4

_RA

ANNIVERSARY

gs:; 4.0
1x10E-4
6x10E-4
2x10E-5
1x10E-5

8x10E-8
8x10E-8
3x10E-8

2x10E-8
2x10E-8

0.001
1x10E-5

UANTAN

6x10E-6
6x10E-6
5x10E-7
6x10E-7
7x10E-8
8x10E-8
2x10E-8
2x10E-8
2x10E-8

2x10E-8
1x10E-8

0.001
2x10E-5

b



Failure Rate & Rupture of Pipeline <‘: }}U \0'1{9.. -
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0.5

1.0

2.0

4.0

1-3
3-10
10-50
Total

1-3
3-10
10-50
Total

1-3
3-10
10-50
Total

1-3
3-10
10-50
Total

3.725x10E-5
1.364x10E-5
1.227x10E-5
6.316x10E-5

4.037x10E-5
1.479x10E-5
1.279x10E-5
6.795x10E-5

4,628x10ES
1.695x10E-5
6.126x10E-6
7.701x10E-5

5.745x10E-5
2.104x10E-5
7.605x10E-6
9.145x10E-5

gNNgIEROSAR;

W’ I
KMUTNEB
Process Equipment

Leak Frequency Data
for use in QRA :
Flange (DNV)
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Likelihood Conseguences
AaJTuuIAzi1du
I nsignificant Minor Moderate Major Catastrophic
1 2 3 A4 L]
Almost Certain M H H
L] 9 10 15
Likely uaoa M M H
q4 a4 8 12
Moderate M M H H
G g 12 15
3
Unlikely 1 uifiaoda M M M H
2 a4 6 8 10
Rare M M
1 q 5
-4
weudadssiliumarutAas (Risk Asscessment Matrix)
Aasuldle
Rick Assessment axnn / 2 s B Hasnn /
— AN/ uas drunana #H3 / vas .
Matrix uaFgNIN HasNan
1 2 3 4 =
Hawn / _
s s 10 15
WIS
= 3/ Bngm a 4 = 12 1e
=
-
= hhunanas 3 2 =
=
= &1 7 Tiau =
[ 2 8 10
—
= -
13Tl
wyszdA\Au /s | 1 - s
Uagsun
STEAUTRIAINNIADI




SAMPLE RISK ANALYSIS MATRIX F\ﬁb

Likelihood Consequences )
Insignificant ~ Minor Moderate  Major Catastrophic
1 2 3 4 5
A (5) H
(Almost Certain)
B (4) M
(Likely)
C(3) L
(Moderate)
D (2) L
(Unlikely)
E (1) L L M H H
(Rare)

: Extreme Risk, Immediate Action Required mmaémgamn ARIDAMSNUN

: High Risk Senior Management Attention Needed mma?'mam ﬁ‘lﬁﬁﬁi%ﬁﬂﬁﬁﬁﬂﬁﬁﬁ%@!m
: Moderate Risk, Management Responsibility Must be Spec1ﬁedﬂ’31w’s’fﬂ\1ﬂ1uﬂm\‘i
ﬂmgmwusm‘smuwmaum‘smmﬁmmmm

: Low Risk, M%? e , outhro edurs ﬂ’J1N!€TﬂQﬂ1 i]ﬂmiiﬂﬂﬁlmﬂﬂuﬂ1uﬂﬂﬂ 42




Nomogram of Risk Assessment F\/ﬂb

A, HOQD ' : TIE LINE RISK FACTOR ANNIVERSARX
- O 0 9
| * rweh A
S0 ey POSSIBLE ﬁ*,gg _
CERTAIN EXPOSURE CONSEQUENCES RISK
B HIGH
‘ RISK
MANY FATAUTIES g2 CATASTROPHE 200
* OR > 10,000,000 DAMAGE s
- VERY LIKELY %
VERY RARE MULTIPLE FATALIES )
(YEARLY OR LESS) OR 5 1,000,000 DAMAGE Ak
RARE o 100 o RisK - z
(A FEW PER YEAR) - o
80 —
LIKELY
mcEU#En MONTH} -
{ () - s
OCCASIONAL 7 3
{ONCE PER WEEK) a
LOW -~
MEQUENT 40 — RISK !
UNUKELY | (DARY) : -
LOSTTIME @ IMPORTANT >
> 1000 DAMAGE - >
CONTINUOY . § :
o
MINOR INNRY @ NOTICEABLE = o 1
OR > 100 DAMAGE Y §
VERY UNUKELY : 5




v v a d
mM3daszavlemalumsiaminn sl (Probability)

Th
A
ANNIVERS AR

2 O 0 9
U =N
J2A 188108 KMUTWE
H a -1 g/ A
5 gaun anudlumsnavu 1 a3alurie 1 1neu « Una. N.3
= = Ty I A
499 anydlumsnavu 1 a3aluria 1l & Handbook of Chemical
3 thunais anualumanavu 1 adeluria 159 Hazard Analysis Procedures,
' e v Federal Emergency Management
2 Uoe anualumsnavy 1 aseluras-109
Agency,U.S. Department of
a\ ] a\ ] = d' ] .
1 8NN Tannendaraaure 10 e Transportation, US.EPA., 1990
5  Common Wamatna 1 a3 /Al viseannnn 1 a3 Al
4  Likely Nemainasegares 1 A5 1usev 107 > 0.1 a33 A))

3 Reasonably

likely

2 Unlikely

1 Very Unlikely

Dgparimen of Tndustwial Baginesring

dlamana 1 a33 Jusew 10-100% (0.1 84 1 x 10E-2 A33 Al)

Womatna 1 n33 lusev 100-1,000 1 (1 x 10E-2 949 1 x 10E-3 a3 A))

Nlamanaueenil 1 A543 lusev 1,000V (<1 x 10E-3 33 /)
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S\ mMsaanzuuulemanazing Likelihood U Qualitative RO
ol o Av v A o & - KMUT NGB
1. NHIUAUNTUNTHIDMINTUHY 1233)=

. ANNBLATITEZIMNANN 123(3) =
. M3ATIVIATMWIAADNMININY 12303) =
: fgjﬁammﬂaaﬂﬁﬂﬁ‘lﬁmmgm 123(3) =
: m‘ﬁlnammmfgjﬁaﬁﬁﬂizaﬂ%mw 123(3) =

2
3
4
5
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7. gunsafunsesnnalasaiaaiuyana 123(2)=
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9. MINTIVABVLIFITNYN 123(3)=
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Risk Communication
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Risk Management

Inherent risk

(i.e. without controls)

Transter

LIKELIHOOD

OCCURRENCE

(1)

Frequent

SEVERITY OF CONSEQUENCES

Catastrophic

(1)

Serious

(3)

Major

(2)

Minor
(4)

Incidental
(5)

(2)

Occasional

Seldom
(3)

Unlikely
(4)

Mitigative Controls
e.g. bunds, isolation,

Preventative Controls
e.g. alarms, trips etc.

Residual risk (actual
current risk with
existing controls)

Improved reliability
/ effectiveness of
existing controls

Additional Control
e.g. Trip, check etc

Remot - . =
() fire protection, Risk Reduced
invento
] AFETY SFARP
PRIMARY RISK MANAGEMENT - T <
DRIVER MAMNAGEMENT SYSTEM OLCUEA LIONAL 4
DRIVEN DRIVEN
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-WHAZAN (World Bank Hazard Analysis) il dsunsuavansnwannlae
DNV Technica Ltd. M&lansaiivaiyuyay World Bank
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_Breeze Haz, (Shililsunsu@vanswannlasudsin Trinity Consultants Inc.
1J‘s°'naummmmmmﬂaﬂﬁl‘m]sumuwam‘ NUDINMIF VRIS
-BREEZE HAZ EXPERT ite1lszifiumssva
_BREEZE HAZ DISPERSION riloszifiunnaundaduiiionszone

sﬁaﬂﬁzaﬁuwanszﬂumﬂmsqﬂﬁﬂ"lvf :




ﬂ'ﬁ‘l/\l‘iﬂ‘iﬂ!’]ﬂ'ﬁtﬂﬂﬂ‘ljﬁltﬁﬁi’lﬂLt'iﬂ nﬁeﬁv

o

NI\
‘I/\I"ln‘iﬂ!ﬂi’)ﬂ]ﬁﬂTi!ﬂﬂi’)ﬂﬂ!‘l‘iﬂ’i”lﬂ!!‘ix‘]!!‘].l‘]]ﬂﬁﬂ - KMUT NGB

Suunuuuvesnsdlva :aouzvesasvaezs Mo AHIAVBIFII ,DATINTT)

a 7 Y a 1 a a d
o UBHAM N IUNATY UM IDaam el szanan Ty
nMINanszaBveIm s ,UszanamaniznuiiewnInANN3auINMI3aNAn

Ilvesansaa Intazwaainmsszia

%4

Y Ay v Ao A Y Q'Jl!l
m@yaﬂﬂﬂﬁﬂ1§!!a°’ﬂﬂﬂﬂ(ﬂ Aa1IAUNUANANDNTIIFI LTia

[V

G?J’mga ‘HFJ%J’JTIE]‘I Ambient temperature, Ambient pressure, Relative humidity,
Wind direction, Wind speed, Standard deviation
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{ Toxic gas dispersion J

Fire and Explosion Hazards c
onsequences
Scenario Assumption Sudden a
’[cxpansion —>[ Fire Ball ]
| High [ Quick ]__
pressure ignition
-[ Jet Fire j
Quick ] 2 22
ignition J .[ Flash Fire J
leak J | pressure [ e
Delayed Flammabl E‘;";wg:
ignition cloud ({)/CE)
m >[ Pool Fire ]
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Feteorology [s=lect]

| LI L | ] = Mame

Feteorological parameters Stability options

In] | ASATF f» Stability clazs

Mame | S attahip " Inwerse Monin-Obukhoy lengkh

Ambient temperature 221 T C Release Data
i Stability clas=s
Ambient pressure 1.0 atm Relzaze
. - A [extrermely unstable - dayg)
R elative hiunnidity B = i < e nefef daul
m_D EUELEE MMEEES = @5y R elease height l—w e
whind direction 120 deagrees [=lightly un=stable - daw)

[n=utral - day or night) Haole Diameter |—1 inches v
[=table - night] L/

%
a
Woind speed 247 md=s i | o 2
= _ [wery stable - night] Discharge orient. (% Horiz, Wert, gﬁjﬂju‘]ﬂ 1 U
Anemometer height 0.0 meters Felease duiation | 600 seconds

Surface roughness (| meters

I Inwersion height

DI T T B T
TmoOQOm

Ok | Cancel | Help

Y 1 o (-3 o o o
AIBDEIINTIIWN Lﬁqﬁa&daﬂqilﬂﬂﬂﬂ la 3‘21%']@]33')?] adituulaINaay BREEZE HAZ

Source Data

Source Details ] Release Data

Source [select]

Release
| =7 oD * Mame
Relzaze height
Source type [select) Storage state 1.0 meters
| Pipe (unlimited flow] - " Liquefied gas [pressurized] Huole Diameter [ 6 inches

Hmpriice) mes Elieneize] Digcharge orient. & Horiz, & Yert,

Feleaze duration B00  zeconds

—~
Pipe [unlimited fow] = Compressed gas
{

Al
%4

Fipe length 400 meters Eijmu‘lﬂ 6 ﬁg

Pipe diameter E  inches

Containment area O 2 Storage parameters
I Temperature [ z81 -cC
Pressure 120 psia

Cancel Help

Cancel | Help




4 file Edt Yiew Map Options Analysis Tooks Window Help

(ZHE $aild2esd

Source Tem ||| Parameter

alug] Uit

Cortinuous ar Firite

Q Container type

Finite:

Fipe [unlimitzd flow)

1B

7P BREEZE HAZ Professional (EXPERT) - [Summary]

4- File Edit Wiew Map Options Analysis Tools

DNeEE @268 8

Window  Help

EPERT Discharge orientation Horizontal Source Term ||[Paramater | Valuel Unit
fllmebd as[aPh Sn Eas Continuous or Firite ' o Firite
umber of Phases ingle-phase ; " -
Choked o1 Unchaked Choked fiow . g?;:;:;:ﬁ';:manm U ) Fipe wnhn;;ﬁig;g
Bugyancy Mot Derige Gas ExPERT Stored as & 3 i ’3 6“ u 1 ﬂ 6 u g Gas
Murber of Phazes Single-phaze
E:Em- 'ND Sﬂi”% Choked or Unchoked Chaked flaw
. Name v ethang Buoyar% Dense Gas
404 j 9
hem.
Evaporating podi) No Chenm. Name Methane
Emiszion rate 05309426 kilograms/s| Cas it 74.82.3
Fipe quantity - mass Unlimited
q }otal quantity released 1857 kilagrams Evaporating pocl Mo
) Emizzion rate 1911393 kilograms/s
e lEmg 1 ﬂ 1 ﬁ 3 g (kg/SO 53 09) 00 ms Pipe quantity - mass Unlimited
wind speed at anemometer heght 247 mfs Toatal quantity releazed 11468.36| kilograms
Wind speed at release height of 1 meters 1.22 mf's
Exit velocity 0.0 mis
Sperified Release duation E00.00 seconds \Wind speed at anemometer height 247 mis
Computed Release duration 0.00 seconds 'Wind speed at release height of 1 meters 1.22 s
Used Release duration B00.00 seconds
Specified Release duration B00.00 seconds
Starage temperature 2810 °C Computed Release duration 0.00) seconds
Ambient temperature 2810 °C |lsed Release duration G00.00) seconds
Buoilig temperature 6158 °C
Release tlemperature B30 C Storage temperature 2810/°C
Arbignt termperature 2810/°C
Storage pressure 120 psia Boiling temperature -1B1.55/°C
Ambiert pressure 14.695 pia Releaze temperature 307 C
Euit pressure E5.48733 psia
Storage pressure 120/ psia
Starage dersity 5.23865 kg/m™3 Amhient pressure 14696 pzia
Ambient air density 11521 kadm=3 Exit pressure E5.45733 psia
Release dengity 0 kafm*™3
Storage density 5 29866 kg/m 3
Storage container diameter E inches Ambient air denzity 1.1521 ka/m*3
Diameter of hole 1 inches Releaze dernsity 0/ kadm™3
Release diameter at chake point -39330.71 inches
D Release diameter after expansion 0 inches Storage containes diarmneter £ inches
‘SD?[SIDH i Diamneter of hole £ inches
Fire : : : Releaze diameter at choke point 3933071 | inches
Explosion | Meteniology | Chemical| Source | Release] Resubs | Summan: Reloase diameter after expansion 0 inches
Dizpersion
Fire b
J Evplosion | Meteorology | Chemical | Source | Release| Resuls | Summary ]
Dgpartament of fudz ;




a w Y A A . o
d v v J C 1re L) K
S \\
s
= e : NE— - —
: : # BREEZE HAZ Professional (Vertical Jet Fire (GRI)) - [Reports] =113
<@Eile Edit ¥iew Map Options Analysis Tools window Help 3 B ) ) )
## BREEZE HAZ Professional (Vertical Jet Fire (GRI)) - [Reports]
q. p T
D EES Q P ﬂ @ = @ & ’ s -0.4,-10.8 meters L3 @ @ @ éﬂ-? [] ‘@ File Edit W“iew Map Options Analysis Tools window Help
GAS OUTFLOW DUE TO PIFELINE EUPTURE :
CeEHE PinhlES=e S T, -04,-108 meters
FUEL Source Term FUEL
Hame : METHANE BiEereen Name : METHANE
Physical state : Vapor phase only Fire Physical state : Vapor phase only
o CONSTANT PROPERTIES CONSTANT PROPERTIES
F"f'“c[gﬁﬁt Molecular weight o ls.04 h Molecular weight - 15.04
03 Boiling poinc : -161.55 °C - S Eoiling point . -l181.55 "G
Critical temperaturs - 1%0.4 K Fei['e'c[gﬂﬁ Critical temperature - 1%0.4 K
h Critical pressure : 46.0 bar Critical pressure : 4.0 bar
; Ratic of specific heats of wapor : 1.300 Ratio of specific heats of vapor = 1l.z00
Confined Pool h
Fire [GRI] CALCULATED PROPERTIES e B CALCULATED PRDPEIIZT:FEEF
Vapor compressibility factor D 0.983 Fire (GRI) Wapor Compl_'ESS:Lblllt'Y factor = b0.583
h Vapor density © 5.39 kgifcu m Wapor densicy © 539 kgseu m
Unconfined PIPELINE DATA h PIﬁE;zTEnZAEZmpera:ure .
Pool Fire [GRI i i - s | - -
[EH) Pipeline cemperature P28l tc Unconfined Pipeline pressure {(absolute) : 5.27 bar
Pipeline pressure (absolute) : B_27 bar Pool Fire [GRI] Pipeline diemebes T 20 mm
h Pipeline diamecer 6.0 mm Discharge cosfficient - o.sz
Discharge cosfficient © 0.e3 Substance release rate : 1.91E+01 kgrss
BLEWE Substance release rate : E_31E-01 kgls Choked flow I
[EPA&) Choked flow : Yas BLEVE
[EP&) LOCAL AMEIENT CONDITIONS
LOCAL AMBIENT CONDITIONS Air temperature s oze.l °C
Air temperature ©ozE.l °C Ambient pressurs : 1.01 bar
Ambient pressure : 1.01 bar Wind Speed T Z.47 mfs
Wind Speed © 247 wis
RESULTS
RESULTE Maximum flame =xtont : Z7.98 m
Maximum flame extent : 6.3l m Visible flame length : 2z 52 m
Visible flame length : E.lm Flame lift-off : 5.dé m
Flame 1ifr-off S lzlm Average flame dismeter : 748 m
Average flame dismeter S 1z m Maximun emissive power ) s zZ87.0 EW/n*®
Mavimam emissive power L 287.0 KlUsme Height for Radiation Calcularions 0.5 m i
Height for Radiation Calculations cO.Em
Dadiation Distance from center of jet
. . . . (W ) [3%)
Radiation Distance from center of jec W
R fm! 37.5 Unshle to calculate distance to this flux
137 10.84 v v
37.5 Tnable to calcoulate ditstance to this flug 1z.5 zz. a1 Y a
so Y = 3329110 6 #2
<1 533UHIA 1 H) -3
: 4.0 1z.04 q) _- N
E =plozion E xplosian prs
Zoom: 103 meters

szazmaﬁnﬁmwans:wugqqm (LHR9)

AUIRgTI 1 U9 Nanguaniin (539 6 W9)

4 KW/m? 10.20 46.83

12.5 kW/m2 5.21 22.41

Unable to calculate Unable to calculate 57
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Options  Analysis  Teals

window  Help

DEEHE | P nlnSe P | 2700 | ®QE Y OE

‘@Eile Edit wiew Map

Options  Analysis  Tools

D ld S @ b3 e X

window  Help

T, 4700

A B @ E

"tﬁ

Source Tem [UNCONFINED WAPOR CLOUD EXPLOSION (THT! MODEL Source Term UNCONFINED VAPOR CLOUD EXPLOSION (THNT: MOGEL
Dispersion Dispersion
E wplosion Explosion
o B
TR e
o INPUT DATA o INPUT DATA
US Ay THT US Armp THT
Equivalency Selacted substance: Methans Equivalency Selected substance: Methane
Heat of combustion:S00ZE999.16 I kg Heat of combustion:S00ZE999.16 J/kq
£, 253,
o Mass of flammable wapor in cloud:318.5% kg o Mass of flaumable vapor in cloud:3L1E.54¢ kg
- Tield factor (percent):l0.0 - Tield factor (percent):lO.D
Baker Strehlow Baker Strehlow
C:Cg"\ RESULTS Cgp:ﬂ?\ RESULTS
S T
HSE THT Ecuivalent TNT mass:340.38 kg HSE THT Eeuivalenc TNT mass:340.38 kg
ey EatsinEy
CALCULATED OVERPRESSURES AT SPECIFIED DISTANCES CALCULATED OVERPRESSURES AT SPECIFIED DISTANCES
e Specified Surface Explosion Free—fir Explosion S Specified Surface Explosion Free—Air Explosion
Multi-E nergy Discance Owerpressure Owerpressure MU-E neray Discance Owerpressure Owerpressure
[THO) m atm (o) armigh [TND) m arm (g armigh
s0.000 0.275 0.175 s0.000 a.z7s 0.17s
100,000 0.0ss o.084 100 000 0.0ss 0.0s4
150,000 o0.0s3 0.0s6 150.000 0.083 0.0s5e
zoo. 000 0.03s 0.041 zoo.ooo 0.038 0.041
z50.000 o.0ze 0.033 z50.000 o.oze 0.033
z00.000 o.o0zo 0.0z7 300000 o.ozo 0.0z7
350,000 o.0ls o0.0z3 350000 o.ole 0.0z3
400. 000 0.014 0.0z0 400000 0.014 0.0z0
450.000 0.o1z 0.018 450000 0.0z 0.018
500,000 0.o10 0.016 s00.000 o.olo 0.018
CALCULATED DISTANCES AT SPECIFIED OVERPRESSURES CALCULATED DISTANCES AT SPECIFLED OVERPRESSURES
Specifisd Surface Explesion Free—iir Explosion Specified Surface Bxplosion Free-iir Bxplosion
Overpressurs Distance Distance Overpressure Distance histance
atmigh ™ m atmig) n m
0.034 zos. 170 z4l.aze 0.0z zoe.170 z4l.4ze
0.0s58 1lz4.551 1z3.11@ 0.0s8 1z4.551 1z3.118
0.13s 75,198 sz. 786 0.z04 &0.770 44,553

Han15UsZINUSZAVANNAY NIFAUNANITITUUAUIY VCE

= %‘“’EI“"VI'N‘VILﬂﬂN@ﬂ%‘”VI‘LIaQﬂﬂ (Lum'i)
FIEIASLAEM , -
muﬁmgifa 1 m w@memmnun(isfa 6 U1)

241 797
123 407
63 207
45 147

339"1’11@3@%& 0.5 psi (2)

sTAUANAY 1.0- psi (g)
FTAUANNAY 2.0 psi ()
FTAUANUAY 3.0 psi (2)
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-NFPA 10 :Standard for Portable Fire Extinguishers
-NFPA 72 : National Fire Alarm Code

Standard for the
Installation of Sprinkler
Systems

-NFPA20":Fire pump and Jockey fire pump

-NFPA 13: Standard for the Installation of Sprinkler Systems
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sefunmEunIolumaduli FIRE RATING masnasghu uen 332-2537
CLASS A FIRE TESTING (TIS 332-1994, ANSI UL 711-1979)

AN ‘;&
FIRE RATING ,3’ A

1A

13 50 funoage 10
(45 x 45 x 500 ¥y.)

L)

ATDIN 2.
FIRE RATING ¥, l

1 78 Sunaog 13 fu
(45 x 45 x 600 )

"

AN
FIRE RATING 1’ o

3A“

13 98 Bunaogy 14 B
(45 x 45 X 750 )

"
B !
AN § Ao ﬂh' &
FIRE RATING - FIRE RATING ' <]
- 'L

4A

Vi 120 Bunaog 15 B
( 45 x 45 x 850 wy)

seAummEwIolun1sAule FIRE RATING musnmsg uen 332-2537
CLASS B FIRE TESTING (TIS 332:1994, ANSI UL 711-1970)

naoouln
FIRE RATING

1B

- —

walu 12 8n3

Ao
FIRE RATING

2B ,
R

0 o —

iy 25 8Rg

nnaoedln
FIRE RATING

5B I’y
EX,

\‘—mrs:m—.
v

Wi 60 ARS

. Wo com._ for your sfety

6A &

1 153 Suneoge 17 tu
(45 x 45 x 1,000 un,)

masoild
FIRE RATING

108,

AN

g
\-ubm-

i 120 AR

N

waseuin
FIRE RATING

20B 4

\-2150 mm, w—

i 250 fns
11.071S 1.

nnavedln
FIRE RATING

HE

MDD
FIRE RATING

10A

i 209 Bunaoge 19
(45 x 45 X 1.200 )

HUAYDIFISLAND L LUNITAULWE

-Potassiumchroride(Super K) -
Potassiumbicarbonate (Purple K)
-Potassiumbicarbonate werugiss(Monnex)
-Ammoniumsulphate
-Ammoniumphosphate(Triclass)
Monoammoniumphosphate
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Fire Rating | (11 ‘IJTMﬂﬁﬂ\‘l %18!!5@
2-A | 560 | 200 | laily
3-A | 840 | 420 | 200
4-A |1050| 560 | 370
5_A |1050| 840 | 560
10-A |1050| 1050 | 840
20-A | 1050| 1050 | 840

1050 | 1050 | 1050

40 - A

‘‘‘‘‘‘‘‘

1J‘§°’ﬂ1ﬂﬂ‘§°"¥lﬁ?x‘]@ﬂﬁ"ﬁ’iﬂ§ﬁll !§@Qﬂ1§ﬂ9\‘iﬂu!!ﬂ°’ﬁ°’\‘lﬂ

Fire Uy
Rating naNn

5_ A 280
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VELE (Split-case /End suction) HAZUVUUNUAY (Vertical
Turbine)

S d' Iy Iy Y
%°* Jocky Pump M3 NEIANNAUIUIZTUUNG VA 5-15 gpm.UU
d o
AENBIABT AIVANMINNUIAY Pressure Switch

*%* Portable Fire pump
*** anuaul¥1uln@ 100 psi.az150psi. dmulsandnini
nazillasndi(nNasg v API)

** Pump Sizing (NFPA STD.) 25, 50, 100..,250..,500, 750,
1000,1250,1500,2000,3000,4000,5000 EP M.
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FPA13 Standard fo;; the Installation of Sprin
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f 2 FUAVOIH ISprinkler
2 \\ \555. [[ / é Inspector’s test
= ] connection
é \ \x A A !/ u 2 _P d t
Z = 2 enden
é \a,; W, i s F A e e
Z 7;_\37__&_/ ¢ B .
Buk main | L - | Upright
AINS = & B B Auomatio 03T 1410 182°C
P Nﬁs\\ A 7 [ Wall ope N
Z AN N 27 3
Z .. = — o .
Frocept. o T ~~L pamvae . Use1aNn¥ISprinkler |
connection OS&Y e - w ’J ‘V] ﬂ ﬁﬁ] 1]
Maln drale — water SUppy 10 ystem Y —Standard Response |
— . BT ST 75T 20 B6F 300
“—_’JIH._ Water supply 1,1% m —Quick Response
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AQUEQUS FILM OR
l ‘ ‘ POLYMERIC MEMBRANE

TV\IN/Nm(Foam)umeaﬂnJuChemlcal & Mechanical lmm |
Foam ﬂswnaumﬂmaiwu (Concentrate Foam)!!a“”m ~_FOAV BUNKET
aza1e 134 Foam Solution 149015183 1% 3% ,6%

.1
-

' o v a A
" mishinfisuiluaeddldaulunmsaumnasne nax
Yo X o
Hydrocarbon!5HiAWraInas isnas uuilsiaa< uay
J J
naNPolar Solvent 151 HBANDIDA 1DAINDS AINY 1] |

Various Types of Foam Rated by Their Properties

— [

Knockdown Fair Good Excellent Good Excellent

Heat Resistance Excellent Excellent Fair Good Good

Fuel Tolerance Fair Excellent Moderate Good Good

Vapor Suppression Excellent Excellent Good Good Good

Alcohol Tolerance None None None None Excellent

Light water :
AT C
830
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/ onsimsaalwu (Foam Application Rate) ﬂ‘;'f,lmurwmﬂ‘;wr nk M WU TN B\

1 81531130 Hydrocarbon (mﬁ‘n‘lmzmﬂm) R ATRYRTNLY

1voms1mslvia 4.1 aas5/1N/A 54005

2 81531190 Polar Solvent (15Naza ANV 1A) 1351

a d d QYo A =

Nues, uoanadoa 170n31013 14a 6.5 a0/ IN/A.INAT
I=p=| Y W a A || v g Y v

3 nsaRAlagl ¥ A UIWAIRANIHTIIRG/ Monitor 1996357

m351%a 6.5 a0 3//M5. 4. STESNMIAAAVINAINTY L
1 vourans vaa s (Spill Fire/Non Diked Spill Area) I aanoniiog 10-15107

2 voaradluiuiisouumas(Dike Area) 13aasoriing 20-30 117

3 ﬂﬁmﬂummﬁuaamaﬂwmaﬂmu(Tank Area) 15aanaIiiaa 55-65 117
maaﬂnnsm?mmwm?uwumammeﬂ YA 40 M31UNN3 lnedausseiiumes
@mmnﬂﬂMu 40 x 6.5 = 260 ansnouil szezIaIMsaaly = 20 w1 Y5uas
Mam?wmwm =260 x 20 = 5,200 ans 1¥WuvHa AR-AFFF A3 U4 3%
ﬂﬁ%ﬁﬂg@@@@ ﬂwmﬂmuah\lw Concentrate Foam 13 =5,200 x 0.03 = 156 aA3
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