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RISK AND IMPACT ASSESSMENTS OF EXPLOSION FROM NATURAL GAS LEAKS

IN A POWER PLANT LOCATED IN AN INDUSTRIAL PARK
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ABSTRACT

This study focuses on assessing the risks associated with natural gas leakage in a combined cycle power plant
in Thailand, where natural gas serves as the primary fuel. Given the high flammability of natural gas, the potential for fire
and explosion necessitates a comprehensive evaluation to enhance preventive and emergency preparedness measures. The
research employs the ALOHA process hazard analysis software to generate models, primarily utilizing the HAZOP
method, to identify the most critical scenarios for risk assessment. The investigation uncovers two critical events that can
lead to natural gas leakage within the power plant: leakage in the natural gas pipeline system (specifically, the discharge
line) and leakage at the Gas Compressor Receiver Tank. Corrosion is identified as the primary risk factor contributing to
leakage. Furthermore, the study reveals that a 4-inch hole in the natural gas pipeline has a significantly greater impact
than a 0.25-inch leak in the Gas Compressor Receiver Tank. In terms of the consequences, the study finds that a flash fire
resulting in a natural gas concentration of 30,000 ppm has a potential impact radius of 558 meters. For jet fires, where the

thermal radiation reaches 10 kW/m2, the affected distance is approximately 33 meters. Moreover, in the event of an

explosion with an overpressure of 8 lb/inz, the affected distance extends to approximately 427 meters. To mitigate the
harmful effects of these scenarios, specific preventive measures are proposed. These measures include implementing
preventive maintenance practices for high-risk components such as pipeline flange joints and fittings, defining safety
regulations for restricted areas, incorporating emergency response instructions into the existing emergency plan, and
establishing new assembly points based on the modeling results. By conducting this comprehensive risk assessment and
proposing targeted preventive measures.

Keywords: Natural Gas Leaks, Power Plant, Risk Assessment

1. unin
o o & ' v Y o { A 2 ' ' 4 ° 1]
Wﬁ\i\?']ubhl\lﬁ1flﬂ')'lllfﬂlﬂu@ﬂ'lﬂll'lﬂ ﬂ'ﬂll@'lENfﬂﬁ1“]51/‘1ﬁ\?\ﬂuhlwﬁ'lﬁ!,Wllll'lﬂ"ﬁu@ﬂ']\?ﬂﬂlﬁ@\i '1/]']6114
v a 2 o & a @ a 9 a 4 &
Iﬁth/\lﬁ'l@]ﬂ\iwaﬁﬂﬁgillﬁ'qWﬁ”m']ﬂ"ﬁu Iﬂﬂﬂ']ﬁu1L%ﬂLWﬁ\1i}1ﬂﬂ1°]fﬁ§§3J‘]51@]3J11%11&ﬂﬁgﬂjuﬂ1§Lﬂulﬂ§ﬂQLﬂu
o wa o ad @ o Ao a & © a o q Y
nan l,l,ﬁmﬁ]mﬁllﬂ@]‘ll@ﬁﬂ']“ﬁﬁﬁﬁll‘]ﬂ@uu Lﬂuﬂmmumm'l’ﬂﬂ@d 1’11ﬂlﬂﬂﬂ']ﬁi?llﬁﬁﬁll'E'Nﬂ'l"]f‘ﬁﬁﬁﬂﬂf'l@lﬂ'ﬁﬁ/l'ﬂw

a a Y A a A gy & Xq P 1w A K aa & oA 4 a wa
Lﬂﬂlwa\‘]ll‘ﬁuwsalﬂﬂﬂﬂljizlﬂﬂwlﬂ ‘VlQuﬂluﬁju"‘uﬂdﬂﬂﬁﬂm“ﬁﬂ@guuwuwjﬂuuu NﬂjW“LﬁﬂﬂﬁﬂﬂTilﬂﬂqﬂﬁlﬁ@

a

A ' ~ A da ' 1 v 1w = < A A ~ X
uInnNn Lummﬂagiumnmwumﬂfﬂamaz"lmumﬂmnummm% ‘Vi]ﬂiJﬂ]ﬁi’Jml'ﬁﬁ NIBNANITISIUAUVU
1 Y a A A [ 1 Y (A oA A o 9 = yé o o A Y
ennelfinagiiag wieduaswaedifinau nazuiindiunes]d aeludegiulseIdhduiunms 1diins

° o o ® o ° = ' 1A o A a Y
G]ﬁ'J"l]?f’E]‘U’U']E\ﬁﬂ‘]al'lﬁZﬂﬂﬂ@ﬁﬁﬂ"lclﬂﬂuﬂﬁziﬂnﬂﬂ ‘t]'lﬂﬂWﬁﬂi’Ji]ﬁ’f]‘]Jﬁ'JuGlﬁﬂluﬂW‘Uﬂ']ﬁi’]]l'ﬂﬁ 19 VILIUUDND

9 9 S 2 o A = = Y 1y ] s A A ~
UDND W‘Lﬂlﬂjau UHAZIIAIANE “]le,uuﬂﬁuﬁml"ll!wENmi!"JJaEI’L! UVDHD VDD Wu']uﬂau 2187 NIDLBDUUILIN

A @ ' (= v A = A Y a @ o a [ < [
NUIBYTANUU llﬂllﬂ"liﬂu‘ﬂ?ﬁ"l!fﬁ?ﬂ ‘Hiﬂﬂ'J"Ill!,ﬁfNVIﬂ@iﬁlﬂﬂﬂ"lﬁﬁ?nl‘ﬂﬁéllﬂﬂﬂ"lcﬁﬁﬁﬁlﬂﬂﬁ ’fJEmhliﬂmusluﬁ’m

o A YA

vypamslsziiuanudsafasentnaslimasssumasa lvadadnsmsane luunin Advanmsane

U

v 1] ¥
MenUN35 Inaveamasssunanlduaemaslulsdddfmdinnudousiu Tasadrauuusianalums
' Y

a 7Y ' Vo a = A qb Aa &
Lﬂﬂn’iﬁ]ﬂ?ﬁmﬂ?ﬂiﬂﬁllﬂﬁﬂ@ﬂﬂ“’] LmENGU1@ﬂ'ﬁﬂi%muﬂ'ﬂlllﬁ'EJ\HWfJW']ﬁuﬂiﬂ"llﬂ\?ﬂ']ii?llﬁaﬂmﬂsllu

9
[

ce Agne = A = a = A
ﬂﬁuuiuﬂ?u?ﬂﬂuﬁ?‘ﬂEJ"lNﬁubli]'ﬂ‘ﬂ$ﬁﬂ‘ﬂ'lﬂ']i‘ﬂﬁgliluﬂ'J']iJLﬁENLLa&”IJi&’HJuNaﬂﬁ%V]U 1uﬂl®ﬂlmﬂ

9
@ [l

= o P ' A g & a I a
fﬂ5ﬁﬂ]&l"IGUﬂ\1Ii\1Vl‘V\IﬁTWa\1ﬂ'31115@ufl"Jll‘V]91Qﬂﬁlj‘luﬁjuﬂq@ﬁjﬁﬂijﬂﬂﬁlﬂﬂa%i Lmﬂ‘m%m‘wmmﬂm‘fﬂ‘ﬁﬁu‘mﬁ

TUETN o BINIAY W.A.BEDD w1 247 dJalay UniaTnenay In1IngIaysiae



-' n1sUszgudduowaouUIDIUUANANYIS=AUH6G
ACIRATIES

asoi 06 Unisdnui lodbd

o o A

J o Y an A& q9 a o B o Y a 3 @ a
ihundn #1875 HAZOP tive ldamnsadinsizinnu@es nilssedvgine liinansi lvavesmasssuana
ldvdramingaunazasoungy swnuTUsunsu ALOHA 1ag Google Earth dmSuihwsziiiunansznuain
g ad ° 4 o 7
MIma555u11a57 Ina TagTisunsy ALOHA vzfuianngmsel uazaieuuuiiaeungnisel #9zuaas

' 9 o Y 3 Y v o o a 9 o
"UE]‘]JLE‘U@]ﬂ151!w5ﬂ53i]’lﬂﬁ'lﬁ51JGl‘])'lﬂu‘UE]MuaGl,uﬂ’lifﬂﬂ‘VIuqu5@\15ﬂlwcﬂﬂﬂlﬂuﬁﬂlnujﬁiﬂ1iﬂ1uﬂ31uﬂaﬂﬂﬂﬂ

voaT34'lvh

2. Yaguszasnmside
) v ] Y
1. iednyTadentnarm i messsunasd Inalulsd Idhaunamas Iuduazmsszbayuy
2. ieafanusaeslumsdssiunanssnuveanmasdia n3gnamessssusasa Inalulselndh

9
@

naegluarugaamnssy

3. MIANHUMIIY

nmsdiiumsasedeamsdszduanudswazdsadiunansen nsdifemssadannmesssuand
$lnalulsalihiineegluaugaamnssu fsuneudail

1. fnnszuaumsean T liihndeanueuian Hunsldndinnudouvedlefidessin
inseasnnda llihfafufe (Gas Turbine) #1¥Mwsssumndiiudemdndn uazfiguugigenldi

4 a v 2 qyd s Ao {
wsosannan llimaalor uaz lilddemauny dsgla 1

| LAty Wetornng StMtan ]

|

[ ool Gas Fitter Sepanator

! Node 2

I Gas Commpeenor

Node 1 [:H —pev ]
4

I Gun Corgmonsr Recener l

I Fodl Gas Filver Lt l

}__.l mlm |_.|5-L~.m.—..~.-.-.(~

U0 1 amswnszurumsnaa el limdnnudousaw

TUETN o BINIAY W.A.BEDD i1 248 dJalay UniaTnenay In1IngIaysiae



Iy

Q n1sUs=gUUNAUd WA IUIDIUTUTIAANYIS=AUTIG

e asoi 06 Unisdnui lodbd

A\

7l

= adA 1 o a a ' 9 ¥Ya o Y an A
2. ﬁﬂ‘HTJﬁ’If‘UQ'f)uﬂi]ﬂ!!ﬂgﬂﬁZ!Nuﬂ?]u!ﬁﬂﬂﬂ]ﬁﬂﬂiﬂ!ﬂﬂﬂuﬂﬁ]ﬂﬂ]ﬂ]ﬁ HAZOP %']ﬂg‘lj'ﬂ 1 UL

a § {1 a o a [ @ {
M3fNK (Node) voamsilsziiiuanudesine 1dinadunsed1095 HAZOP Tag uiiadlu 4 Nodes siagili 2

H v Y v
31U 2 P&ID Node N1 umsiadounsionazlszitiunnunassdieds HAZOP

. v .

2.1 Node 111 52UUNOEINBEIINTIA (Discharge Line) Aduaa1UN00N91n Gas Compressor U4

& vy A Ao a 2~

Gas Compressor Recycle Cooler Lummﬂmamumﬂu@mnﬂm NMYTITUFINDONNI191N Gas Compressor HIY

Y 1A L2 YA v a =K a s A < Vo o A a o '
ANUAUGIDYN 638 Iby/in ﬂ13Jﬂ’J']ilﬂ“L!Lﬂ“L!"lNilﬂ'J'lill,'dEN‘V]fl]$l‘ﬂui!ﬂlLﬁﬂﬂl@\‘i‘ﬂ@’dﬂﬂ1"]§‘1/|§]$!ﬂﬂﬂ1ii'f]“lﬁaﬁ"lil no
v A I Ao A
nrulau NIDNAIN NN NUMTIADUTNIN
d' o Y A a o Aaa U P Ay

2.2 Node N2 Gas Compressor Recycle Cooler MM UINAAYUUYUNIETITUFIANGINIIAINAD

o o P A N o g A aa o 9 ¥ ¢ a 4 A4 a o

AIUAN UANNITNINIU ﬂai%umgm&ﬂumwumaﬂqmwgu 11Nﬁ‘l/lﬂ,'ﬂQ“]Jﬂimuuﬂ?"llllﬁﬂﬂﬂi]%mﬂﬂ"ﬁﬂﬂ

' ¥ & g 9 a J I ay ¥
NIDUIINUI %Qlﬂuﬁ”llﬂﬁﬂﬂmﬂﬂﬁi’)hlﬂﬂ"lli‘NﬂMfﬁiiiJG]ﬂﬂmlﬂ

'
IS o

! g o Ao =
2.3 Node 1i 3 Gas Compressor Receiver Tank 1Jug1nsaifigevi lin1stienasssumasanei
o ~ 1 1 @ . (= a a 4§ v o 1 A ] o J
ajuane Higaneaen13910 171U Gas Turbine Idpgnaiillsz@nsnm uazitiosnindssananiiveas 1dinda
A A~ A 2 o Y = Y a o Y an ¥
Wioneraeyaelimsidouanin I Inlianu@ediinamssa lvavesmasssuma lavatega
a & 2 o o o A AN o s
2.4 Node 1 4 Safety Valve i uauniuguanulasans vanmsianune lunstinianuauge 1d)
d' o Y d‘d‘ [ @ d‘ a 1 1 o A o a a 9
mhmihnfnuguanuay wrszeanuauiinuesngussoIna win lihaursehauralng udinielu
Gas Compressor Receiver Tank ﬁmmﬁuqa AR GRE RNt
= % d' o Y d‘ a a 24
3. Anwfadeieziimnasdeyalilisunsu ALOHA twadszifiumwansznumssziinoinnie

ay ) o 2 F o & a d ' = ° 4 v
ﬁiiu“ﬁ1ﬂi'ﬂﬁﬁ TLlfﬂi’diNLH_I1_Ii]'lﬁfN‘L!“LlﬂzﬁﬂﬁﬂTﬁuﬂﬂqﬂﬂlﬂﬂﬂ'ﬁi’lqﬂﬁﬂf]u FINITNIHUATANT TN

° ) o a 2 A o Ay Y =2 o Y A4 9 o
Lm‘umamuui}zmwum1ﬂmﬁ'ﬂ53mum1mﬁm@dt§ﬂ WONMYUARALTUIYLLA" i]dummJE)lJ“mmﬂEl’JﬁlJﬁNﬂ

o 1y A o o o add g X g Al X
g Qﬂm’lﬂ’miﬂiuﬂﬁ\l ALOHA mﬂﬂ%ﬂﬁaﬂmﬂmmmmmmumm
Y a = A s A I A a
3.1 vayaastaN Gluiﬂmﬂimzuauuwmmaﬁmnmm usiiioannlluasHeay uazienIsan

wa (<) a 1 9 (4] 1 : @ 1 9
AULATOIMFFIINHIANYI Usenoudremaiimnuuinni ﬁﬁﬁﬂﬁi?ﬁ?uﬂi$u1m 80-90% [mﬂmﬁmgamm

TUETN o BINIAY W.A.BEDD i1 249 dJalay UniaTnenay In1IngIaysiae



@ n1sUszgudduowaouUIDIUUANANYIS=AUH6G

- asoit 06 Unisdnu lodbbd

@ a o ° [ %Y Aa o w @ g’; Ao g’z dyd Y I o
1aeany ¥voIUTHN Uan. 1MUIEMFTITUIA 3100, 2563] AU IveluaTatI I imuTuaunuveg
MBBITUHA

3.2 thdsmuammnerma fiameannazandlan gamgi Anuvu Tassrusiudoyafianisay

<3 = A = 9 v = cs'cgl Y a 9 =} =} A a 9
tazANUE AR UVIT) 2565 dounal Faluntidndteyadnitineuiies N sandoyauay
MuruameAMIaNazANUE NN MI a1 U0

A o y o { g o ¥ ° a |
33 ﬂ15!ﬁﬂﬂﬂ1!!ﬁ1«iﬂ%’3‘]ﬂﬁ ﬂ']iﬂ']ﬁu@i!ﬂﬁﬁi']\HIfU'U%'Iﬂf]\iuu%$ﬂ'n’iuﬂﬂ1ﬂﬂ1iﬂimuuﬂ'ﬂﬂl%ﬂ\1

A

° o A v Y = o 9 Y oA Y ' = A & P A
q@q@‘l IHONIHUAATUILTYUIDYULLAD fi]\i‘l«!?i‘ll1‘ll'ﬁ]3;l]ﬁ@l1\i1/l£ﬂﬂ'ﬁl@\i LYY WWﬂiuﬂWiﬁﬂHHai]ﬂL‘l]u Tank ""U'Elisl‘ﬁ'i/l

{ 9 Y 1y ¢ v A v 3 o a < v o
GERLGN ]lﬂ!,l,ﬂ ITUATUAUINA N 15umsueans ‘L!1“Huﬂﬂ§'f]ﬂ§ll1@]isuﬂ\1ﬁ1i VYUIAVDIFTI UASHTIAUD

4. #an3zNUMIsHTANNMBEITNIIAT Ivad1811sunsUALOHA 531 u1sunsuGoogle Earth
4.1T1)5un51 ALOHA ter@awaiiis an1 Footprint Ao n51mMarionaasusnuninnudssgaiog
o v A a ' o &
185vesnililusz@niinu LOC (Level of Concern) Tagg1l519994 Footprint ¥nvziiluniseniamwnszuday
. 3 A P v ] I3 A A ~ Y] A (A
5919 Footprint 1S nanuaadeduilse iWuusnailiarsinlionenszaelanunssuaavinnlaou
(N¥UFT NENANIA, 2559, u. 24) Tagglunuainmsaduuuiiaes daunsouaasraveslsunsulday

A1519% 1

M3f 1 gluuumsuaamannmsaiauuusiassvedlisunsy ALOHA

Scenario/Source

Direct Source

Tank Puddle

Gas Pipeline

Vapor Cloud Toxic vapors Toxic vapors Toxic vapors Toxic vapors
Flash Fire Flammable area Flammable area Flammable area Flammable area
Vapor Cloud Explosions Overpressure Overpressure Overpressure Overpressure
Pool Fire NA Thermal radiation Thermal radiation NA

BLEVE (Fire Ball) NA Thermal radiation NA NA

Jet Fire NA Thermal radiation NA Thermal radiation

i1 : ALOHA (Areal Locations of Hazardous Atmospheres) 5.4.4 Technical Documentation (2013)

42. m3duanernamsyseiivuuunuinlas1¥115un50 Google Earth 1iio TUsunsy ALOHA 18
Ysziiunsuningzate uazmiszidanda wwuaaanaluguuy Footprint Tagaziin Footprint 1 1d91n013
a ' 4 o ° < = 1 =
dsziiumsuninszaelih¥ouTeadulysunsy Google Earth v lifiudsvouiva Saflinsuninszais ag
Y

1&5umansznumaRamgmsaiaana iy

5. Mnuamasmstleaiu nazWannuwul jUaluaerumsaigmdu ionsuanuguusuay

J dy A Y o Ay ¥ o [ =} [ [

HansENUAsURA1 U thwah IdinmruauiasmsanuiasasounfSouiouiuuasmsanuilasant

s o (= 9 ° A A
Nﬂgiuﬂ%?ﬂu W’lﬂhllllwﬂ\iWﬂ@]fJQﬂ’]ﬂUﬂLWNW]N

=

TUETN o BINIAY W.A.BEDD i1 250 dJalay UniaTnenay In1IngIaysiae



A
7N

I\

A\

N

asoi 06 Unisdnui lodbd

4. HAN5I8

dg LY a 4‘ Al YVa v [4d ay as
4.1 NAaMIYUIDUATIY !!ﬁgﬂixlﬂuﬂ’ﬂulﬁﬂﬂﬂ1iﬂi’)ﬂh‘i!ﬂﬂi’)uﬂi1€ﬂl§)ﬂﬂ1“ﬂﬁ§§3~l°ﬂ1ﬂﬂ)ﬂ'Jﬁ HAZOP
vy

a A a o J a A o '
ﬂ’]ﬂﬂ’]iﬂizlnuﬂ'ﬂu?ullﬁﬂmﬁ’]ll’lﬁﬂlﬂﬂﬂ’]ii'ﬁvl'ﬂa"uﬂ\?ﬂ'lclf'iﬁﬁiuelﬂﬂﬂ']ﬂnluii\?vh\hﬁ'lﬂﬂﬂﬂgcluﬁ:]u

v Ed 1
ATIMNTTNINMTU5ZIUUYDI HAZOP Team QQN@%WﬂﬂTi%UQﬁ’HQSWH uazﬂszmummﬁrmﬁﬁﬁ% HAZOP

9 v H H J Y f
WITU 4 1MgM3al nUNANUASIgIgananIananii vavesmasssuand meu’ls 2 mgmisel Taun
Node 1 1igm3aiia TnausnaszuedimMasssuma aAnudesgaga laun snmsiansouinm

o a 3 3
L%u‘ﬂ@ﬂ?“]fﬁﬁilla]ﬂﬂ fﬂL'ViCﬂﬁ]1ﬂfﬂﬁﬂi$Lﬂu‘ll@ﬂuﬁ’i@iz‘]ﬂﬂﬂ'ﬂll%}@u ﬂ?ﬁﬂixlmﬂ‘llf]\iﬁ}ﬂu W%@‘IJ?%LL%%Wﬂﬂﬁ

]
A

1 o a A @ A o 4 I 1 v A = = a =2

BNV warmsAwnsesnimsduazimeuin Ivunanddanonareas namsideadaunansanise e
A ' o Y=y ' ' a1 A 9 A @ 19 Ya ' v v W dy
VlﬂﬁTJiﬂﬁ"lil"liﬂ‘Vl"lﬁh’iﬁﬂ]ﬂﬂﬂf]ﬂ@ﬂi@u ’d‘ﬂﬂll“l’ilﬂﬂﬂ@\iﬂuVlllG!WW’JVIfJﬂWEluﬂﬂﬁllN’ﬁﬂﬂ@1ﬂ1ﬁlm3ﬂ’ﬂll‘]5u"ﬂu

a @ ' a = & a IS o =
Lﬂﬂﬂ"l'iﬂﬂﬂﬁﬂuulﬁ} Waﬂ1'5ﬂ§$L3Juﬂ')111Lﬁfl\iﬂ"I'i'i']mlﬁﬁsllﬂ\ift{"l‘*lf‘ﬁiiil"]ﬂﬁ Node 1 1J1a3915199 2

d‘ dy LY Y ax a d'
A5 197 2 MIFLIOUATI8AI8I5 HAZOP uazilsziiuanunges (Node 1)

P EPI— 7 T~ X P P 3
nsdl | Yeunmiea dorumsal aune wafinavy doreueuny dszfiuanundos
o -
$1a09 u Z| z
e = | e
= -
5 | 2
— g c
& &
a o Y @ A A ° q YO a o g Yt o > a o
1 ansnia iduniomay ANudoNANIMYD nedeuanm hldmasssuand | saldiinsthgesnuudadesty | 3 2| 6
ATOUVTNIU | BITUWIATI ginsaliazrieneny | $1lvasenmnainidurienine lusgezaiinzan uazdn
' 9 a t A ' Vet <
o msldan vinumiulau wiesesdeves | Wiimsasadeusesia
ginsaianag Wszdil
@ Y. - o o P ad o Yt o @ a @
2 WA idunioms gunsaiarunuam litsssunasilnasenn | Faldiimsthyesnuutleady 1 1 1
moludu FITUNAT duthzanielu nadurevsna usnawh luszeznatiiinzan
roguiuy aunsarhald uilau ieseonevesgilnsal
) o s 3o = = PR R, P
3 VA3 idunioms liflurumsihyuda etigUnsalidemensouua Ty | Salvilusunisthgesninm 1 4 | 4
. a2 o 4 4 1.1 e .
RIAPRELI DERTTRATL D) oty wieszeznar | fez@emeszlildfumsudly | nszuesgiinsaldieg
lumsgourigela aniungiinmegiinse
wngay $rouse
= ) — ¥ . . - ~ 33
4 ngaAL dusiems femasssumndniy | minlimsgeuhiaiems nsdilimsrgaiRuAToiier 1 3 3
4o a o v add o C o e @
19389903 FITNANA ogluduio sssumanneriulszmel oz | mssembgalivhns laa
a . 9 ady I a ] o
msanl dealimasssunandegly | siswandesnsinie Tashims
wduneimamsdaliviesziia @ouihuFtUfiiaan (work
AN Instruction)
' 9 a o ' o o A& o a & o 0 q YO o ' o o q Ya
5 Msgou wiwaull winouseuthyedy | Wellmsunsesdnsihlidme | wdimsweuge 31 Final 1 1 1
o a -3 a ] a Y. ad a Y. = I o
Thyasne | Messsund Heaudnamdwilay | sssundasieenumnisnamh Check Hoafinimilaunnda
-J < o UM a
oMy e Tiiiu wilaui hinuvaiin
BITUMA

Node 3 m@;mmfa?ﬂwau‘%nm Gas Compressor Receiver Tank ﬂﬂméﬂﬂgﬂtjﬂ 1&un :nmsnansou
UShmyaideu feded s auvgnnmsnszauvenimesseanudou manszumnvesdeu viedszuann
msgenthys aunginamannsaliangasou Feiinhindessulilffiineuendudaiuemeauas
AnuduRanstaniewld tazmssanseutinusesdou mamslsziiuanmdsinisia lnave sy

a IS @ =
F3TUB1A Node 3 11 UAIAI1TINN 3

TUETN o BINIAY W.A.BEDD i1 251 dJalay UniaTnenay In1IngIaysiae



\§\\“’/f//._; |

d‘ dy LY Y ax a d'
A5 197 3 MITLIOUATI8AI8I5 HAZOP uazilsziiunnunges (Node 3)

Q " misUszguddueswaoiuddsvuiadnunszauy

FREATI TS

asoi 06 Unisdnui lodbd

p P : - P > = 3
nstl | deunwies AoumInl e wannaYu dorauonny Wszifiuanuids
N =
LRGEH < | 3
e = | e
= 3
gl | £
el €
" o - > o, TR o am NN
6 ANUAY faszida gunsalaruuany faliannsosuusaiuld vi e Salilusumsgenhgainm 1 4
moludads A1/ Pressure Safety ginsal@omonazdwalitineg | einsalielinionldau
a o A ' ad
il valve $h3an5o lai s35uasa lva AnpANA
o
ansavhaula
P = 3 3 S PR < am P
7 1iRamsda vinugaen | msieuaninues sldmasssunas lvasemn | daldlimsasiedeusossa 3 6
. v A g . - 4 44 ooy A o s
nseu Jode 50057 | ginseluazamely NNUSHY YaFeniitdouanm 5211 diotleatumsialva
v Co & o
ms I ve3gnIaiaeg nmadendnvesglnyel
naamsaeuingadeding
ATIAOVTBBTIAWANTI PT
.
(Penetrant Testing) N3
= P P R . = = Y z
8 mItau vinadedely | madwaiesinsiims | vhl¥UnionAamsaanadivie valdiimsasnasusesih 3 3
4 o . on o a o q v " oo A
19509903 dagunsailises | duaziiieve wawm Idmesssnmaiiva Wszd1il ioflosnsrnaouniy
o) aaoAna ponuIINdonn 14 UUUHUIDS Union
P - - 1 = P = > o a2m "
9 NAN3 V3w Tifiusumsthgusa diefigunsalidemensouua Ty | Saldilumunisihgedneinu 1 4 4
o . P 4 s Y. v v
1hyednmn 39060 500 Jostu vieszoznar | Mazdomoz i ld5umandly Nszu09gilnTalnien
4 g T oA .
1¥ou Hiseu5) lumsgourigela aniuniegiinug/giliade
Mg $ousa
' a Y Yo e A& o a 4 o o q.YO. o ' o Y a
10 Mo TSN Asuonnlifianu ielimsiawnsesdnsiilimes naamsrou1ge Aoalims 1 2 2
o ] o A ad a & o o
1hye 59060 500 Fnglumaioy FITUMATIVDNNUTNUTEY ATAOUTBBTI A28 PT
A - & A . H
159N UT0YIN (B (Penetrant Testing) NNATY

J t4 & a
dIudn 2 ManN1Tal Y93 Node 2 msﬁmiﬂfﬁﬂﬁamnm Gas Compressor Recycle Cooler L1ig Node 4
o a I o a { a ' o
L'Viﬁ]ﬂ?iﬂ!i’)mlﬁﬁ‘]_lﬂ’)m Safety Valve Wﬁ%?ﬂfﬂ‘i%‘ll\?@lmi1le£’!3$1]‘5$!11uﬂ’JﬁJ!aENﬁJ’JfJ’J% HAZOP ’ag"lmmu
= =3 to g Y o 2.
ANVLTYIANUDY ngmlllﬂu‘ﬂuﬂ'E]\HJ&J1C°’I§ﬂ1iﬂ’]1Iﬂ3J (ﬂig‘ﬂi’N’Q@]ﬁWﬁﬂﬁﬁﬂJ, 2543: aau“lau)
4.2 wansznuiienamssilvaveshasssunAdwmismequinmsa’wuudiaes Minglomaiia
3 9
Gl,‘Llfﬂﬁ‘l_]ﬁ3!111!?)‘11!@1iWﬂiuIﬁﬂQTﬂQ@ﬁTﬂﬂiiNﬁuﬂﬂ World Bank Wll'ﬂiuﬂ?ilﬂﬂﬂ"ﬁ5’311’?ﬁ‘“6\1f#1%’ﬁi§11”]ﬂﬁuu
1 a t4 a a a a
vraawaldinamignisel 4 3Uuup Ao mamas ludun Jet Fire 1ian153214ia (Vapor Could Explosion: VCE)

a a @ ' Y " a
iawds luduu Flash Fire 310013552 Ivaununguuuenniaes a1 (Flammable Vapor Cloud) taz laiifa

]
~ @ @

o A A | a vy = v 2o A
aumm%q (quﬁ'l IDUINDU, 2561, U. 28) Iﬂﬂllﬂ\?ﬂ1llﬁ]‘ﬂlﬂﬂlﬁ@l Wﬂﬂﬂ]ﬂgﬁﬁﬂﬂﬂ?1hlﬁﬂﬂq@ﬁ:ﬂ hlﬂNﬁﬁW‘ﬁ U

a

a a 1 1 a ] L4
4.2.1. U3NUNeRI¥EIIUTIA (Discharge Line) Taonodama535umalvmaduriugudnalg

d 1 @

4 inches TIAUAN 638 Ib/in” 1WE1IU5ZUY 21 meters F1UNITTIADIAD UM TN ANYULADNY Tank

1w o

A = a 9 v 2 A Y £ & . 9
DU Tﬂﬁllﬂﬁll ALOHA ﬁ]\?ﬁﬂﬂﬁf@’]uiﬁﬂﬂllﬂﬂﬂﬂﬂqyiﬂﬂ HUADLTUNIUFUINA G TUNINY 4 inches 141114

9
@ 1

Y
NIINATOYANINITUNTNTLIBUAZHANTENUAL]
aa = ' . ¥ A =2 A o =

N3N 1 NIUUNINIZDIY (Toxic Area of Vapor Cloud) AAIADUNNTIANDIABUTUIAN U 2565

f91saanaInNudutunilfinaduasio wselinaniznuABFUNIN ABAT Protective Action Criteria for
v a o aa

Chemicals (PACs) (AUANV L8185, 2559, U. 53)
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Wuinduas Imsi lvaianududuuinnii 400,000 ppm Wumnnudndugeganuyud a5y

udli Temendedia Nszezmssududauu 60 i SATINTUNINT291008 1UBI9 22-96 meters
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NWHNNTTY 1]ﬂ?iif]‘lﬂaﬂﬂ'ﬂul‘ﬂﬂmuu']ﬂﬂ'ﬂ 230,000 ppm ﬁjuﬂ']ﬂ'J']ﬂJLEUNGUUQQ?IﬂTnJHllfﬂ,ﬂjﬂlla?]
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6IJE]°1JL"’IJ£5I'mill,“lNilﬂiﬁﬂﬂ(meters)
iAoy ANUENTUNINND ANMTUTUIINAN ANUTUAUINAD
400000 ppm 230000 ppm 65000 ppm
UNIAY 28 meters 36 meters 68 meters
QNﬂ1ﬁuf 30 meters 39 meters 75 meters
TRGHY 28 meters 38 meters 71 meters
WIgU 30 meters 39 meters 74 meters
NOENIAY 23 meters 30 meters 56 meters
ﬁqmﬂu 22 meters 29 meters 54 meters
NINHIAY 22 meters 29 meters 54 meters
Famau 22 meters 29 meters 54 meters
AU 25 meters 33 meters 61 meters
faa1ny 82 meters 109 meters 213 meters
Wﬂﬁ%mﬂu 32 meters 42 meters 80 meters
FUNAY 96 meters 127 meters 249 meters
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funan 1 2565 sziarsannmidiganamisngnan liluagszidia (Flash Fire) AoA1 Lower Explosion Limit

(LEL) (Su3en 1and3, 2559, 1. 53)
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1% 60% LEL (30,000 ppm) 0¢ 115713

0% LEL (5,000 ppm) 08¢ 1u3¢1%
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5200521

60% LEL 10% LEL
UNIIANY 155 meters 381 meters
QNﬂ1ﬁuf 155 meters 381 meters
Huaw 147 meters 363 meters
WEIU 154 meters 379 meters
NOENINY 154 meters 379 meters
Ngueu 111 meters 263 meters
nNINQINY 110 meters 262 meters
fFamau 112 meters 266 meters
RN 126 meters 299 meters
LRIV 471 meters 1400 meters
Wﬂﬁ%ﬂwu 166 meters 408 meters
FUNAY 558 meters 1600 meters
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) Sefussduiifiannmssziba (meters)
5200521
320 8 Ib/in’ 320 3.5 Ib/in’ 320U 1 Ib/in’

UNIINY 150 meters 204 meters 424 meters
Qumﬁuﬁ 153 meters 197 meters 396 meters
Huaw 146 meters 188 meters 377 meters
WEIU 153 meters 196 meters 393 meters
NOENINY 123 meters 167 meters 347 meters
ﬁqmﬂu 119 meters 161 meters 335 meters
nNINQINY 118 meters 160 meters 334 meters
GRLRGH 118 meters 160 meters 334 meters
AugIeu 135 meters 184 meters 382 meters
LRIV 371 meters 431 meters 749 meters
Wﬂﬁ%ﬂwu 164 meters 211 meters 423 meters
FUNAY 427 meters 483 meters 798 meters
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Fuaa Im35 va awdamas luduazszidiauuy Jet Fire N32aUN8391%4 ANudou 10.0 kW/m?

Ao ' ' Ad Y v Ao ' Yo o = &
lliﬁllﬂ:]’]i]iﬂullwﬂi$fﬂ']ﬂclu"]f'\]\1 32-33 meters ﬂ’]ﬂi!ﬂ‘ﬂﬁ'\]llﬂa ﬁ“ﬂﬂgiuiﬁuﬂﬂﬂﬁ’]')ﬂgqﬂﬁﬂauﬂﬁ']fJﬂQ"Uu

@eF3n uaz Inseadwomsgnihiate nelu 60 seconds

9 v ] v
WuNadu 103552 va awdamas lniiagszidiauuy Jet Fire N3AUNEINUANNS U 5.0 kW/m> T

SatinSounrnsz1elusI9 45-46 meters 1109AN 52 lnia gnoglusaiininaneg ldsuduasieTasszinauna

Tydszav 2 Mol 60 seconds

A Aa oA = o a a 9 N LA o o 9 2
NG GRN Nﬂ’]ﬁﬁjl{hﬂﬁ ‘ﬂulﬂﬂlwa\jllﬁlllla$§$l‘ﬂﬂlluﬂ Jet Fire N3&AUNAINUANNIOU 2.0 kW/m
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v!wm"lﬁ'mfflu 60 seconds
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STeZANUTUURITIAANNTouIMEY Tnuazszidia (uas)
Ao ANUTUUDISIE 10 ANUTUUDIFIF 5 ANUTUUDIFTIT 2 kW/m’
kW/m” kW/m’
UNIINY 33 meters 46 meters 71 meters
qnmﬁ’u‘ﬁ’ 33 meters 46 meters 71 meters
TRGH 33 meters 46 meters 70 meters
(SUATRIIAT] 33 meters 46 meters 71 meters
NOENINY 33 meters 46 meters 71 meters
ﬁqmﬂu 32 meters 45 meters 70 meters
nNINQINY 33 meters 45 meters 70 meters
Famau 33 meters 45 meters 70 meters
AU 32 meters 45 meters 70 meters
aa1ny 33 meters 46 meters 71 meters
Wi]ﬁ%mﬂu 33 meters 46 meters 71 meters
FUNAY 33 meters 46 meters 71 meters
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4.2.2 U313 Gas Compressor Receiver Tank 1191911511051 ALOHA @519 u31a04 n3ainw
av A v A ' 7
555091852 1Maus1Iu Gas Compressor Receiver Tank ﬂqmmm’c’fumuf_maﬂanﬂﬁzmm 0.8 meters §92.2
= o .2 = ° 4 o o) a a Y
meters IAUAY 638 Ibfin’ bar HFalumssrassaorumsaimssi Inavesmasssumalulselni haande

o . ° o . L g ' o 3 A
NDM19 VDY Gas Compressor Receiver Tank Tﬂamwumumgsa 0.25 inches “TNL“JJ‘LA?]WNMESTUHML@ﬂﬁQﬂ

be

@

9 o . . [ Y 9 H 1
MMM UAYDY American Petroleum Institute (API) 111N IUHATDYANINTUNINITEBIATHANTZNUALT]
aa = ' . ¥ A =2 A o = &
N3N 1 NIUUWINFZE (Toxic Area of Vapor Cloud) AR UUNTIANDUABUTUNAN U 2565 F9
nansUsziiueinlusunsy ALOHA wu higwisouaaswasenuilugduuugdamsatinsuninszaiela
UALLETAINADDNY 111!31]!L1J1J51911E)?1313J D Threat zone was not drawn because effects of near-field patchiness make

. . . . . 4 ' Y A o !
dispersion predictions less reliable for short distances iHeenszezmuninszetioonu i @Ngﬂﬁ 7

& Tonic Teen Zore [E=S NN ==

Model Run: Gaussan

Red  :less than 10 meters(10.9 yards) --- (400000 ppm = PAC-3)

Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predctions less rehable for short distances,

Orange: less than 10 meters(10.9 yards) --- (230000 ppm = PAC-2)

Note: Threat zone was not drawn because effects of near-ficld patchiness
make dispersion predictions less reliable for short distances,

Yelow: bess than 10 meters(10.9 yards) «-- (65000 ppm = PAC-1)

Note: Threat zone was not drawn because offects of near-ficld patchiness
make dspersion predetons less reliable for short distances.

MU 7 Yo urwamsunInz e anunsanaaanasenunlugiuuy Footprint

dd‘ IS} a A} 4 g’/ " A = A
N3l 2 nsdimsaialnvesnguleMas (Flammable Area of Vapor Cloud) Atuafiounnsinududou
U = lé a \ L}
funaw 1 2565 Fawamsisziivainlusunsy ALOHA wud ldansouaaswasonunlugiunuginmsees
Wansognaa liuazifanisszitiald uanaaswasenuilugiluundeniu Ao Threat zone was not drawn

because effects of near field patchiness make dispersion predictions less reliable for short distances 1H0991nTT oY

msumnsnsznetosnnly dugii 8
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Threat Modeled: Flammable Area of Vapar Cloud
Model Run: Gaussan
Red  ; less than 10 meters(10.9 yards) --- (30000 ppm = 60% LEL = Flame Pockets
Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predctions less rehable for short distances.
Yelow: 22 meters «-- (S000 ppen = 10% LEL)
Note: Threat zone was not drawn because effects of near-field patchiness
make disperson predictions less rchable for short distances.
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n3aifi 3 ndimssziinvesnguwnena1s 131 (Vapor Cloud Explosion) Ao uuns nuduao
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sUamuaassaliimannmssziiald usnaaswaseninlugdiuudenaiu Aie No explosion: no part of the cloud is

above the LEL at any time 11/09910a17 1@ Wifeszaudgai 11/sunsu ALOHA awnsoutswald aagiin 9

8 Overpeesire (Binst Fosce) Theest Zee . =R oY "X~

Threat Modeiad: Overpressure (blast force) from vapor doud explosion
Type of ignition: ignited by detonation

Moded Run: Gaussian

No cxplosion: no part of the coud 5 above the LEL at any tme

1]
v A

717 9 Sadiussaunifaanmsszia # luansanaamasenunlugiui Footprint
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NIUN 4 msmmwm‘lﬁwmzmﬁzmmmu Jet Fire AUAIADUNNTIANDIUADUTUINAY ’ﬂ2565 SHIANQ
a 1 ] A o A A a
M3sUsziiunldsunsy ALOHA Wu lliJﬁHJﬁﬂlLﬁﬂ\?WaE]E)ﬂllﬂugﬂlmUﬂlﬂugﬂﬂWWlLﬁﬂﬂiﬁN NINAIN
A yy ) A A 9 o
ma’szm&flﬂ ummmwaaaﬂuﬂugﬂuumamm A9 less than 10 meters UDIVINTLHSAINUIVNUVDITITAIIY

v a 9 a . Y a o {
iﬂummwm"lwmmxnmmmu Jet Fire ‘LIEJEJLﬂL!”l‘]J mg‘ﬂﬁlo

*_2 Thermat Padistion Tveat Zone

Threat Modeled: Thermal radiation from jet fire

Red : less than 10 meters(10.9 yards) --- (10.0 kW/(sq m} = potenvaly lethal wi}
Crange: less than 10 meters(10.9 yards) --- (5.0 kW/(sq m) = 2nd degree bumns wi
Yellow: less than 10 meters(10.9 yards) --- (2.0 kW/{(sqm) « pain within 60 sec)

1 10 szozanuduvesidaudon 1 luannsouaawwaseninlugiuuy Footprint
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Compressor Receiver Tank mmsmﬁﬂ"lﬁ’ 1 g‘lJLl‘]JiJﬁ’f) ATANITUNTNTZIY (Toxic Area of Vapor Cloud) 10
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