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1) ¥gua1593 PK18

HansAsIzilave uaglavenin laun Usensiu (Total Hg) ey (As) uaniiley (Cd) uuiSey
(Ba) iz (Pb) noauma (Cu) Tasiflensiu (Total Cr) danegd (zn) wdn (Fe) wennila (Mn) wa Anifa (NI)
Tae3svmanudud uianuevesdauieuu (Total Threshold Limit Concentration: TTLC) uag3svusunm
A uduvesanssunseludiaia (Soluble Threshold Limit Concentration: STLC) wus1 Sevlaiifiu
wmsgrufitmualy dmsunamsliemeiitiesdelslnsesueuiomn (TPH) fidnag Tuve 138 - 25,771
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A5197 3-4 HANTIATISATRELABTRLAINUANA1523 PK18 HigufiuaA1nsgIuy TTLC
NAN1TAATIENABAUIINNTAVEUHEITIR PK18 (mg/kg)
AUt PK18 Cutting from Shaker PK18 Cutting from Dryer mmg’nu”
, 2 o4 » (mg/kg)
WBM 2Mn%gu99 2 (WU 8 Y2 1) SBM a1nngudasn 3 (au1a 6 % 1)
Tanz
asny 8.56 11.94 500
Usansiu <0.10 <0.10 20
wAnLeL <1.00 <1.00 100
Tasidlnsu 4.92 10.38 2,500
NDIUNRS 12.18 2235 2,500
dnifia 17.46 19.52 2,000
e 13.01 17.70 1,000
fangd 53.83 53.30 5,000
RIEEE 1,317 1,172 10,000
wén 22,150 25,629 N/A
wun i 474.16 361.49 N/A
Unsidenlolnsansuausiaun
TPH 138 25,771 N/A
wnewg: Y 11AsgIuA1 Total Threshold Limit Concentration (TTLC) muitseniAnssnsavgaaimnssy (Sensiisnaeufnaviosagilalduas w.a. 2566
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M5El 35 wanslesziineduAuiuanvqud1sIe PK18 Weufumnasgiu STLC
NaNTIATIEAYALAINNISIR11aNE1523 PK18 (mg/L)
AUt PK18 Cutting from Shaker PK18 Cutting from Dryer mmng
WBM annvgueasii 2 SBM 91nvigueaeii 3 g/t
Tanz
Ay 0.0768 0.0244 5
Usonsiu <0.0003 <0.0003 0.2
wAnLley <0.02 <0.02 1
JGETREHERH <0.05 <0.05 5
NBIUAY 0.03 0.05 25
dniia 0.52 0.11 20
pgin <0.10 <0.10 5
fanyd 0.29 0.07 250
wuiSe 0.83 2.49 100
wdn 80.61 90.18 N/A
e ila 2.13 2.93 N/A
newg: WAsFINAT Soluble Threshold Limit Concentration (STLC) muussnAnssnsagnamnssy 13aunsrsndafpaniesaniiulsusn we. 2566
N/A Tldvununsgu
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NaNsEMUTionaint ured nuaziunznauiiuvemeia annsavungldlaglduuusiasmns
adlnmans 3 A fszdunanneeuiumesiileviunednuauznsnsnefieseymevs sensavaed
Uaaueangnezia (Spaulding, 1994) LuusassiildSunswauanuuUsiasses Offshore Operators
Committee (OOQ) %qﬁwmmmimzmaﬁamaqaumﬂlmfwmaiu 3 svey loun svesdl 1 szeznsanesy/
n15Ua 08 (Initial buoyancy/jet stage) 538zl 2: s38zaus (Dynamic collapse stage) wazszasil 3:
5282n5E918%2 (Dispersion stage) fauandluguil 4.2-1

TrgUsvasdvenslduuuinges fe Wiosaeansndeufisnsnnauveaduiuainmsians
warlrauiRafursiuanmMsefissuneeeniisysuiiuriometa wavseiulndiimua uasthnaildan
ANANSAIANUVLNYBIRENOY YBULIAR LT NNSANTY (ﬁyuﬁﬂﬂﬂqu) A uTemza LLamwzmﬂﬂaqmﬁ
mwﬁuﬁﬂuv‘f‘jauiﬂauﬁﬁlsﬂumimz%mmmLst'ﬂssmaaaﬂmﬂqmﬂa'aa WAL ANTUNTLEETI1908
mauninszaeiusulsesiuiiseulmaensldSunanssnumniian itelivnuiansdiandefian
(Worst case scenario) ienaiiisn Tnefmusliilvaunvesnisane el

= fraesmsiedeuiinarmsmnasveamiuanmszuaslrauidaduimsiudivaoseen
MnmMagiszduiiuiemen (Maevqueasd 1) uassedulndfiimea (M
vauyeil 2-5) Adumisvgudina AE-88 dadusunis@nwidoafuiunisdnu
pansznuInnsiiAnmslnavesiuilussriamanequdism (Hadefl 4.53.6)
Tneduiumisiifissiuanudnvenimaaussann 65 wms upsdssasvinenninigneiu
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TUMDUNTAS NUUUT@DIVAAAERS 3 J6 dmSUAIANITAINTINS NTZULaZNITANAL
YOUAYAUIINNTI LA AAUN ARAULAEAN USznounie 2 Tunsundfey As (1) n9as1eiuuingss
mslvalsuresiimzia “HYDROMAP” wag (2) MIASNLUUTIaDINITINT NTZNUDLAYALIINAISIAY

‘:{'Q [ a « 9 a a ] o Y v o
wazlraunfniuryiy “MUDMAP” Tnelieasidunvasuuitaatasnsiiiiteyanuandlunianuan
1 4.2-2 Feanunsnagulansaluil

JUADUN 1: N15ASIIBUUINAINTT IMaLIgUVBIUINEa “HYDROMAP”

ﬁi’mqﬂwaqﬁﬁaaﬁam%’ayjaqwﬂwamam‘mmﬁfmma U UTLUALMU I UENTIUR
Trsans neluuusiaesio “HYDROMAP” Gsamnsasassnislvaisuresimeiarslusmaymsuas
e mzailanldetafiussavsam uaznadnsillfanuuuiiassldsunismsieasumiugndesiv
%’aaﬂamimni’mﬁﬂuﬁuﬁﬁm6] Vilansaenszezia 30 YU sgji and Spaulding, 1984, Isqji
et.al, 2001 uag Zicic et .al, 2003 ea49lu RPS, 2020) Ingluuszwmalnedinislguuudnans HYDROMAP
Fudoyaindluniseanmsaimsundnszasveswiudeuuuiiasimsdlvavesingulus 1alne
SafunsuruANLafin fustl ne. 2506
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=~ v ° v v scaa Y I o = o a . d'
Weliuuuasddnadnsndanugniesiugt Jsivunvuinvenia (Grd cel) Nldlu

o [ A
MIPNUIURBNLUUY 2 SEUU AD

= naaadney o msureusiui Anwluaning Fesivualinseunguiluniusin

9y warean Ui wLad uadu Y owAuLTarnI Nead uls NeaTIN haLY BIkAY

1NNYYS ALITNIAWARVUIN 25x25 DAk wagluus nUWITUR WLasaUs 1LY

N3AWaRUNAENAY Ao 1.5x1.5 Alawns (U 4.2-4)

a I3 a Yo o & A A vy Y =
R P IS GG PRI 1‘713']‘1/15UWU°V]E]'VJVLVI'EJI@EJLQW']gLWQELm@GU@%aﬂWUﬂqilﬂaﬂﬂusUaﬂ

nszladn uaran i meaviseinenilimiugnaeiudunng iy laednsudania
Wwad g ouadludn 3 SEAU AILAVUIN 9X9 N1aLUAS 4.5x4.5 NlaAT LALANAIIUD
2.25x2.25 AlaIRS F9989N AL INUIUNS AWAASILNaUA 17,599 a9 Tuusueing
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U7 4.2-4:
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KUUINABY
z 90°E 95°E 100°E 105°E 110°E 115°E 120°E 125°E 130°E =
o T T N Jo
¥ THAILAND A b
CAMBODIA
VIETNA
z z
ef 8
=[ iz
o i
sf i
INDONESIA
INDONESIA
¢ INDONESIA
i o
INDONESIA
0100 200 300 400 500
——— KM
90°E 95°E 100°E 105°E 110°E 15°E 120°E 125°E 130°E
Large Tidal Model Grid Domain Lagaind :
[ Hydrodynamic Grid i
i
Coordinate System: GCS WGS 1984 |
" e Datum: WGS 1984
P~ Units: Degree 0 1,000 2,000
Date created: 12/132019 —

fan: RPS (2020)
JUN 4.2-5:  mswdanawadanden usaueninglndveiiwazsauinizildlunisiuinves
BUUANADY
QS:E ’IU?”E 105'“E ﬂ?lE
THAILAND ‘N\
CAMBODIA
VIETNAM
Zlo 100 200 300 400 o MALAYSIA B iE
95°E 100°E 105°E MO°E
Tidal Model Grid Domain Ledend B
[ Hydrodynamic Grid il,,,,,,,,li
F Coordinate System: GCS WGS 1984
rp‘ 3::;‘;15;;?:;1984 0 1000 2000
Date created: 12/13/2019 ——— v
fan: RPS (2020)
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2. Myt drdayanasnsiTMuANI SN $HN99

Uaya Input N15lunsasauuTIaes HYDROMAP laun deyasyauauinyiesdnea

v v (%
o

UoyaTEAUINTL-NaY uavtayaauluusnaundn Inelseasdndatl

foyaszauanudnimaauinaiuiidne Juyedeyawniifuieveansugnnmans
nesiniFe (quamius, 2552) Fadudeyaynanan drumnudnvesimeialunziaduliasliyadoya
Shuttle Radar Topographic Mission #38 SRTM (http:/www2 jpl.nasa.gov/srtm/) Faflauasdenseiu
1 Alawns Tngasihdeyasaeslisufudioldifudeyannudnlusuudaes (Uil 4.2-6)

UM 4.2-6:  dayaszauaNAENUImMZIAUSIINE1INY

95°E 100°E 105°E 10°E
v T T v N
THAILAND A
CAMBODIA
VIETNAM
g z
2 1
Z z
a8 1000 200 00 NOEERE MALAYSIA 1z
95°E 100°E 105°E 110°E
y g Tidal Model Grid Domain
Legend e
Depth (m) W 30-40 i i
o-5 WW4-5%0 | SErme
5-10 WM 50-60
Coordinate System: GCS WGS 1984 10-15 Il 60-70
rps Datum: WGS 1984 ™ 15-20 BN >70
Units: Degree B 20-30
Date created: 12/1372019 0_1.000 2000
)
: RPS (2020)

Foyaau nsvuanuduiiadeddnivilfifnmsluadouroinssuamilasenlugguas
toyaaslufiufiazdudeyathidilouanausadou (Shear force) vuATimeiaiiRedulufiuiidnw Tag
Foyeauildlufiniidnwidunaainnisaianisaivesuuudiaes NCEP’s Global Forecast System (GFS)
984 National Centers for Environmental Prediction (NCEP) Environmental Modelling Centre Fadu
mssuTdoyaanmemaialan vadeyadifluefiauasdingiain sduteyatiduuudaomanm
UT38IMA (State-of-the-art atmospheric model) Bsagvillddasamuiuasimmaaulufiuifidn
WUUd1ae GFS avansnsalidoyaausie 3 47l mndumasing s?fqé?qagjmqﬁwqm 538 55 Alans
Taeidui veusuinduni duyavestoyanensalanmussernai anansoanldaouldidueg 197
Tutlagiu Faadwsldanuuudaes Iiandiifuinyavesteyadsnanilarmasnsalumsneinsal
anmussenmaldifueened Tnanmnglufiuiivonmeils (Zigic et al., 2009)
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v o A

wagaszﬁuﬁqﬁu-ﬁm Hutadeidnfidmalfiianaudsuassduilueze dnjude
Fransszdudmaalunuudassgnnamand Jsuduiiaededd doyaseduii veuiundaves
wuud1as (Open boundary) laelfidenlddeyaseiuinangutoyassduirvedan Topex-Poseidon
Foyateya TPX07.1 109 NOAA Teyaynailifuteyannnsnsatalussesen dus T e, 2535-2548
(13 U) femniiiende Topex/Poseidon® fianuazideanisianne 0.25 aam vevlaasseulan (465
n%) T3 62,000 50 Tngltind esiamnugs (Altimeter) Afiasusiudigsdiuam 2 4@ lumsnsradn
Foiliansonnatassiuimzalaefanuiananaditosnin 1 wufunsld deyaseduiin Topex-
Poseidon Faduiifiealdiueg runivanslumsdnwmaamsmanssonisaiauudnass (Vikebo et
al, 2005) Mntudssnussiui B uasiveunlinnnesdUssnovensludavesitu-inas (Tidal
constituent) fidRayda 8 & Ao K2, S2, M2, N2, K1, P1, O1 war Q18 auszeziia iliuuusiaes
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14 U o =

ANTOMUINYDLATEAUENTL- LAl ULRaE NS ALYAA LA
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"i]’]ﬂ‘LlULL‘U‘U"\]']a@Qﬁ]”NW@QﬂUi”ﬂ@‘U@N‘] “UNWUN’M’M’JQﬁ‘”WUU’M“L’ﬁLLﬁ“ﬁﬂ“lﬂﬂJ”ﬂ’]’ﬂﬁﬁL’JEJu
maqm%muwu maﬂuwuwmaﬂ IG‘lEJﬂ’]iﬂ’]a@ﬁﬂ"liﬂi“’ﬂ’]EJGUENQJ’Ja‘U’]ﬂi’eJUﬂalIWUWﬂﬂ‘l’i}"l‘i/lﬂﬁ’mg

3. NMIEDUNIIUANNLAIUGIVDILUUINADY

wuusaes HYDROMAP fiadnsdudwiduiiuiiAnwiaindeyanidanineg uazaumsililu
ATATUIULAENANITAIANITU VOILUUT1a 099 1A S UNITEBULT HUAMULN UTIA 18N 1TNAFB Y
ANuMUTURIUTRsLUUTaRNes waznsaeuIfisuiudeyansiataninauy FaFenin Model validation
TnevhmasSeuiisuiuiisdeyassduiniingaintnanidnssduinwesnagrnmand nesinde
wagnsd Wi wanFeuiisuiudeyanszuminiinnaiaainyunsatanssuaiana vie Satun
Mooring Tneilsneazidonsauandlunianuani 4.2-2 §suinAmenarmansvesimetai ldunain
WuuUINaes HYDROMAP ﬁﬁﬂaﬂmuWL%aﬁmmm&iuﬁ%ﬁmwaﬁagﬁmﬂ%ﬂﬂwﬁaga Input EUSULUUTIADS
MIUNENIENETBRAERLAINNS Rl AaUTIRA T UL

4. m'sﬂizqnm‘i%'uuué’ﬁam (Model Application)

NAINLUUI1E09 HYDROMAP #ildsunmsasuiisunal wandlmiiudsdnuaznsivaiounss
UIMLLAUS UN U ANLAZUS DU Inann Iy LﬁEﬂ“tgjj@u%@yjaﬁ’m%ﬂmiﬁﬂu’smﬁ’eNﬂ’]iLL‘Wi'ﬂizﬁ]’]E’J
YDIARAUIINNTHINZLALLAAUTN AN UbFIiY

(1) http://en.wikipedia.org/wiki/TOPEX/Poseidon
(2) http://topex-www.jpl.nasa.gov/mission/topex.html

(3) K2 nuned Lunisolar semidiurnal S2 "8 Principal solar M2 11881 Principal lunar

N2 e Larger lunar elliptic K1 1884 Lunisolar diurnal  P1 w18l Principal solar diurnal

O1 8@ Principal lunar diurnal Q1 e Larger lunar elliptic.
Tassmsingdrsatinsidon wasdrsnalunzasnlnemneay G1/61 U3 Unn.an. tewuedd Anaaeuuyi $1in
unit 4 msusziliunansenudaunndou fugneu 2563
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JUADUN 2: NS ITLUUINEDY “MUDMAP” LiNaUsetiUNISHININTZAN8vaIlAau Ly by

N3RTLAZIAEININNISIRNEIVGREAsgnsa

Jupsuiilunsideyanamansveaimzaildanuuuiiass “HYDROMAP” ludumau
wsnuldidudrumiwesdeyahdlukuudiaesnisunsnszaevedlaaud llunsiwizuaziauiuain
M3 “MUDMAP” SaufiudeyatiidmiNeidasiumeiang efnwimaaieuil NMsunsnszany uae

mumdsganielunsanazneweAyiuIINMINzwaslAaunRai UMy

1Y

a A o o o IS D dy
FUUAFIUNEINYTVDINTTNULUUIEDY Haralull

o

" AIRNSINANIENUSEETAUTDINTSUAREAERULALIAAUINNNSRNE AR A A ULAYRWAUN

rRuiuRmealagliiinsilenseanevulv (Re-suspension)
= JRURIAYNANUNUIVDINE NOUNANEN

o AIPNUUITITEENEA NANTAUNINAUTTUIUNITANALNOUVBAAYIUIINMT LAY

lpaunAniuimyiunUdegasg nea Lf’Jusﬁayjaﬁﬂwmmﬂsﬁ’a;ﬂaé’mﬂmimmﬂaumu
555UBR LnBLRNZVRIB 1 NY (Srisuksawad et al, 1997) ANWUUINA18ET bia
ade19lve FlldnsINsanNaznauAoutIegs Ae Usvanm 0.56-1.96 ladwnssed
(WarSsuiisuiusasnsanaznauluiiunaus lanUszanu 0.037-0.15 dadkuns
fat) MILd1TIVRILATINGY 1 Mmwiud T9szesnanlunmsuaseduRuaInmsang
wazlmaunfnludumwiusindszanm 13 1u Ssdudvguiiluszesnadina1iazd
aa &) a a a a
AANALNBUANNTITUYR A AT UANNIUNUTELN 0.02 Tadwns (0.56 JadLuns
1A % 1 1 a U 1 o o ]
noU+365 TunaUxseeziainslasiAyiiuy 13 7UAoNaRIzRaua s 1 Anug)
FIUU NNNANBINLNDUAWAUNUINI 0.02 Naawns mansallaitfnainnisuasy
A A X e

iU UL aulaaun o lunsiangeadlasanis
ANPNUNUNNDIVAINANTENUADEAINTNAUUIYRA FINAUTEUIUNIT 2 AN LALA
1-10 DaduMS (FILNUSEAUN S UFUNANTUAZNBULPY) hazuINNI1 10 NaaLUAS
(Frawnusesaunlasuduraiuagnauun) (RPS, 2020)

[

Toyaninetasiunsansiaztoya Input duq Nldluiuudnass Jasil

(1) NUNANYILAZYIWIANANE

Tpsan1s @enlddumisvgudrsa AE-88 WuiumilunsfinwuasUszdiunanssnuain

N3N UETI9 dniurnaidnwiluwuudiaes IdmvuslinseunguyesEesIaIne 12 e

Tneuuadu 12 nsdfinw muszeznanzulimsssueasiuannsizuaslaaui Aneg ulduiu fe

Twiun 1 vemnitiou asiRauinAL-SunaL) dvsumsneraudsnn 1 muvs
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(2) dagatndrningadasiun1sdamsiaeiuainnisiansuaslaaunaa luiueeiiu

USinawauiinannnisiansuaglnaui AnluiuimeiuiUa ooadd neiaannsiangnaud1sin

umsmsUasenliiludoya Input veswuudass uanwwned 4.2-8

M13199 4.2-8: aguAaudsuazAidldluluuINeanITUNINIEANBUATN1TANINYD LAY

INN15ETaZIAAUNAANULAYAL (MUDMAP)

Auus

¥ o ¥
VBUAUVN

USUNULARALAINANSIANLNTEUIYDBNUS I N UNDINELA

148.19 gnuIAnlang

USUNaUARRUAINNN5INENsEUgeanUS ARt NsLa

559.01 @nUIAMLIAT

USunalaauaneNin U uAeRuaua NssungaanUSIUNUYIBINLLA
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(4) Yayan13nszanevasvuIneYNAALILINAITRIsLAZlAauNAn UAULAWY

NINTEABVUIAKAZAIINS TUNTANILVBIBUN AR UIINNTTHZ UL AZY 1MqY
weandlumsned 4.2-9 Femnudalumsaneeneweeumennase Wil eyavnmsanelag Dryer (1986)

A15197 4.2-9: MITTMUNVLIABUYNIALAYAY wazaFlunIsaufvasAiuiiinaINNIRIL
wazlaaunfn A UAEANAINNI5IE

= dadruvasounmaviuuiazuuIn daduvaseuniaiaviiunsaz
YUINBYNA AomiE M3 mmi'awqui::ﬁ'wu wagszAUNANsil wmmnﬁ'sa;ﬂquszﬁudwﬁl{f
(faduns) (wu%fl,]:]::/a;qﬁ) Whmziatasinnz TAaulin SBM %2801z
(ovazlagU3ung) ($ovazlaausunng)

1.41000 20.05000 0.00 0.20

1.00000 14.60000 0.00 0.74

0.70710 11.03000 0.10 4.37

0.50000 7.700000 1.20 13.06

0.35360 5.200000 2.40 19.31

0.25000 3.400000 3.80 12.84

0.17680 2.100000 5.10 6.73

0.12500 1.300000 6.60 6.92

0.08840 0.700000 8.10 11.45

0.06250 0.400000 9.10 5.70

0.04420 0.200000 9.20 3.29

0.03130 0.100000 8.60 3.29

0.02210 0.050000 7.80 1.13

0.01560 0.020000 7.00 1.13

0.01100 0.010000 6.50 0.92

0.00780 0.006000 6.10 0.92

0.00550 0.003000 5.04 1.30

0.00390 0.002000 4.80 1.30

0.00280 0.000700 3.80 0.65

0.00200 0.000400 2.50 0.65

0.00140 0.000200 0.90 0.82

0.00100 0.000100 0.59 0.82

0.00070 0.000050 0.46 0.82

0.00050 0.000025 0.28 0.82

0.00036 0.000010 0.03 0.82
fan: Dryer (1986) 81agislu RPS (2020)
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nsUdpiAuinanmaazuasiaaui Anfuimeiiui sedulndfadmeia (nnsanevquead 2-5)
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3.6 Alawns (NslsLzvgudsRlufoudwna) 8 6.2 Alawns (NIASURETRY
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M131991 4.2-10:Han15ANAN0) WuunAgunavale ssezmeunaquilnaign uazszeiieain
wungauluineglndgavasnaaaeiu lagdnuunnsalisunmsangluuiazinou
(deRasunanznauniinnumunnnd 0.02 iadns)

¥ z T svezvineaniuiisaulng
nsdlisunsnzluiou wuwﬂnﬁlqum ”w’mf nAglnaiian foglnddn (n1zweiy)
(ms19nlauns) (Alatuns) v
(nw.)
UNIAU 52 58 108.2
NUANUS 5.7 4.7 109.3
fuaw 6.1 3.9 110.1
SUCAT] 5.1 4.8 109.2
NEBAIAL 5.4 4.9 109.1
Tquigu 4.9 4.3 109.7
ARG 5.1 6.2 107.8
GNUALGH 52 3.6 110.4
gey 5.2 4.4 109.6
Aa1AL 53 4.3 109.7
WEAINEY 5.1 5.7 108.3
SuAY 5.5 5.8 108.2
G?’lijlﬂ 4.9 3.6 107.8
gugn 6.1 6.2 110.4
flan: RPS (2020)
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fn: RPS (2020)
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Distans Ringe 1-10 Sarps Distance Ringe. 1-10 “arps
-0 o -0 o
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.. Ea— s wics e
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~a - N a a a
o o
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/ 0km B 10 km
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fn: RPS (2020)
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Distans Ringe 1-10 Sarps Distance Ringe. 1-10 “arps
-0 o -0 o
Prujscl:  MAQDES: m PTTEP G1 Explusalion Culings it Thani Prujact:  MAQUS4S Susom PTTEP G1 Exploration Cullings it T
.. Ea— s wics e
res ¢ ) res & .
N a - o N a a
o o
AFULINLINTLABDUNUYIYU ﬂimﬁﬂﬁnwhﬂauﬂaqﬂﬂ
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0TE 10E
November Conditions N N Legend Bottom Thickness (mm) Krng Kash 2ag December Conditions . ) Legend Bottom Thickness (mm) g K ang
Drill Cuttings And Muds Dispersion Modelling & Relesas Locaton 001-1 Drill Cuttings And Muds Dispersion Madelling S Relasae Locason
Distance Ringe 1-10 <arne Distance Ringe. 1-10 “armos
-0 o -1 o
Prujuscl:  MAGDE m PTTEP 61 Expluralion Culings o Trani Projucl:  MAGUE43J Sasam PTTEP 61 Exploralion Cullings oot Thari
- s w24 e wins w24
res : ) res \
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sl lefimsaniuiiunaquuesnesmiivimannnmsssuismsiivanmansiasiaa
ARnfusiu o fumimguda AE-88 wul ﬁuﬁehuimyj%gﬂﬂﬂﬂqué’wﬂaﬂmwﬁuﬁﬁﬂ’nwmmq
0.02-1 faduns fauandlumssil 4.2-11 Tuvagiiszogmei Unaqunesimwiiudidanuvuiannnin
10 adiuns %ﬁﬁuﬁﬂﬂﬂqﬂﬂﬂmﬁu 100 WiRs NNAMUIRNEITIY

A13197 4.2-11:113ANANSAINUTIUNAGUUBINBLLABTL TIUUNANNYIAMUNUIVDUALAY
INAUNUINANHE1TID AE-88

szezmaunaquitlnadign (Alawns)
nsdsunseluiou ALY ATUNUN AUAUN
2429171131 0.02 Uy, 4InN37 1 WY, 11nN37 10 U,
UATIAY 5.8 0.4 <0.1
NUANS 4.7 0.4 <0.1
fuau 3.9 0.6 0.1
LYY 4.8 0.6 0.1
N BNIAN 4.9 0.6 0.1
Tquieu 4.3 0.4 <0.1
nsngIAY 6.2 0.4 <0.1
damen 3.6 0.4 <0.1
fugeu 4.4 0.5 <0.1
naA 43 0.4 <0.1
WEAINEY 5.7 0.4 <0.1
TR 5.8 0.4 <0.1
fgn 3.6 0.4 <0.1
4980 6.2 0.6 0.1
fisn: RPS (2020)
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4.5.2 N15USSIUAUATIESIELSIAINDARNYKAZATITILLUR

Twihdetlasianmatssdiudunseieusmonaiaiuannsanisiindafsewasnsedn
UYWAY BenseupquiiuinuUanumdufanssunmsinevaudsiavedasns lnelineaudendail

4.5.2.1 LA WIANANTENUNIDUVAAIDUNTIY S8

MnNMuuTazdsavedlasinsy ileinnsanfansauiilenadiasilriAndunse
Seusanniign Tnefinsanangaaudfvesdlnaden iduamusvsuna sufu uasfwssuni
Wi (Peuaan) warfe (R1esssuwi) Teflnuatfiduaslili nedunsedoussiiflomaiaiy
Mnnsiduauvedlasinism fe n13nga (Blowout) 3 amnedangnisainsialvavesdlnsid vy
Usmasnnitannsafieduluseminianssumanisvqudina dadumsdilvaseninvesinfuiv
RrgsTsunfvad (Aounuam) A 1) videvesvadug mnvgulngliansoaunsld Wesnan
ANUUNWIDIVBINITMIUANUT U TUUE SN

mﬂﬁ?uﬁmsmﬁi’fagaqﬂmaﬁﬁﬁﬁmmﬂLaﬂmimiaamwwi’mﬂ \U Piping and Instrument
Diagram (PID) F9u5 avesuriuanzluus azdu (Layout) 91Neuanenssunsunses 1ouses
sunAstan (World Bank, Technique for Assessing Industrial Hazard, 1988) Teevitheiiuwassunsne
(Hazard Source) ¥adlAsan1s™ 7 gnathlug s msaleusduuviuang fisvasdondawanduansnd
4.5-6

it Tufufiuf oA nuisvedlasinisy Idinseenuuuuasindsszuudestuninie
Sunsed1eusalinga fedruru nsdestunissilvawazasisaeunissalnaainnssuiunsudn
nsivuediuii nsvurumanandui ufl muay (Restricted area) 1l tf asifulallWilund spud aw/
Usemelnluusunnans wasdaliidsyuuaumds ssuutesiumd el swuflessuuanudasnsie
Tumsvha Wus uavaslilenaiasinsunseioussiidesriounulsiiae

AN319% 4.5-6: deAUsEnauTurasaunse (Hazard source) 989lAs9n15

L e . danznsiniiv / danzandiunig
N MUULNEDUATIY = =
s FUsuU Unngu BRWAEY ANNAY
(Hazard Source) #1sisalva
gedn dedin
294lATIN15D s )
°F) (psi)
1. vquiang (NIng) siufiv NRULANY @ 26.0 i 250 5,800
MYETTUNIAMAD QUY ? 26.0 i 250 5,800
MYETIUYA ALY © 26.0 i 250 2,400
2. L ASDILNFNIUL UHURU Vessel @ 1.07 4.x3.1 4. 212 1,440
(3-Phases Separator) ANYETTUIRLAGD Vessel @ 1.074.x3.14. 212 1,440
AYFTIUVG Vessel ©1.07 4. x 3.1 4. 212 1,440
3. fannAvauidu 1gfufiu Tank @117 4. x7.44. 212 150
Ypamal (Surge tank) AsTTuTIRLaD Tank Q117U x7.44. 212 150
i ST Uan.an. ouesh fnaasduust shia (2562)
Tassnsingdratinsiden wlasdrsalunsiasnlnenuneas G1/61 U3 Uam.an. ouwedd Anaselwur Siin
Nl 4 MIUTEEUNANTENUAWING B fugeu 2563
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4.5.2.2 LAAISUNANTENU

[
Y

MNNAgARAgLar/v3an13seidnvrd wansenus e U UR uuuwvuaisinuy i
Warniunlasims, aegnanseilveddifiguvuegluusnalnglaes

4.5.2.3 N1SANANISAINANTENU

N13AIANITAIHANTENUILNINTUINANTENUT DI1AAT UIINATANTUUANULKUVDS
Tpsans TaiusruuUURuvenguusey Uanan. fdlumsnmsmununansenuimuueldlutagdu
A9 LY UA UM TYIF YT VLY ULAE N1T00NLULUTANATITIT NTTALAS BULALATIADUTEUY
Anudaaniy NsInn3suLasaTdeUgUnNIalauUaendy ssuuAumas ssuutasiumndlusliuas
gUnsal Y183 nvedlasanisy Nidaenna osiunguang Lasdiniguvesgnamnssy lngluineian

o <) 1Y = Y 41' o a 1

azgnmvualusnasmstesiuwasudlanansenuieldiluReululunsdndunuvedasiis sely
NOINTIUITEA AL UL WRINANTENUTNIENAAAMIULN (Consequence)

MsfnsaNsERUANFUUSREANsEIUT i oaRnA AN dvdesfiansandeya 4 Fupeu 18
1) msmvusausR guLansalfnw 2) MsAnwideyaannwinaenlagiu 3) msuszdiunansenueiy
wuhassadinmans uas 4) mamamsaisziumTULsReHaNsEUTiTaama IneliseaziBeees
wiazdumeu fil

4.5.2.3.(1) nIsmuaauuigIvsasnsaling

Tumpuilildunismersuis ediaeman1salinazinlugn1sindunsesieusssanaiivue
nadifinwiiieliidudoyadiduuudaemneadamans Fdesinis Wiasanandeyassi

n. AISAITUIINAMINDVBINTAAMANITAL

lasansa ammuansainisiilvamelddmsunisdine Iaseurquviansaliaistenan
(Worst case) wagnsalniianudlumsiingegn (Most likely case) agulasisil

~ o A v a a! a )
= nsalnsalvailiadiiefga (Worst case) {uN15HTNANTENUAINNTTTINaV0S
YpsidenluuSunamnnann 2 nsm lawn

o n3alN1INEe (Blowout) Tuseninanisianenaudrsiatinsdeuiiosningunsel

Jastunisnganuinuauldanunsaviinuld dananisussiliunlazuanidaseiu
dunsgasannofndulaluanniziigunsallesiunazannansenuninisinn
wseaniunisegliannsavieuld way
o n3alARNITUANA (Rupture case) ¥osgUnsailunssuiunismaaaumay lown
o U oo @ <
LAS DILENEANIUY (3-Phase Separator) wagaannen U U U uusana (Surge tank)
Faansusedunlaazuandsseruduneganiionintulaluaneiigunsal

Ueaiunazanuansenuninisianwisemiduniseyldanansavhemle

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 VT Uan.an. ouiuesd Anaasdiwusi $1in
unil 4 MIUTERURaNTENURWINADN ey 2563
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« nadimsialvaiiilenafinduinniiga (Most likely case) axfiansanEansE U
n33lnavestinsd s dlenadad unn annsdinig$alnasenaingunsailu
nszuumsveaeuvgy Tunsdiifng$ Tnsvnavesgaihanliidunsdi@nwaziden
wngdaiilenmainiunniian leesrsdanndeyaadienuiluniafemsdilnaves
310 Suggested Generic Equipment Failure Frequencies stsqlﬂu API581: Risk-Based
Inspection Base Resource Document, 2™ Edition (2008) ﬁﬂLLamﬂumiN‘ﬁ' 4.5-7 uay
Aenldfenuifiuansidlomamainunniigaluisiazgunsal

4

M13197 4.5-7: Tamanisiinaufvaiigunsal

9

199

" e aadlumafianisialua (Leak Frequency) (AS3/A)
ITEANIUNIU & =z 5 £ ) £ o
' 392 0.25 U2 397117 39714 U7 wANAN

Compressor 8.00x10° 2.00x10” 2.00x10° 6.00x10"
Heat Exchanger 8.00x10° 2.00x10” 2.00x10° 6.00x107
Piping, 1-inch diameter 2.80x10” - - 2.60x10°
Piping, 2-inch diameter 2.80x10” - - 2.60x10°
Piping, d-inch diameter 8.00x10° 2.00x10” - 2.60x10°
Piping, 6-inch diameter 8.00x10° 2.00x10” - 2.60x10°
Piping, 8-inch diameter 8.00x10° 2.00x10” 2.00x10° 6.00x10"
Piping, 10-inch diameter 8.00x10° 2.00x10” 2.00x10° 6.00x10"
Piping, 12-inch diameter 8.00x10° 2.00x10” 2.00x10° 6.00x10"
Piping, 16-inch diameter 8.00x10° 2.00x10” 2.00x10° 6.00x10"
Piping, >16-inch diameter 8.00x10° 2.00x10” 2.00x10° 6.00x10"
PUMp 8.00x10° 2.00x10” 2.00x10° 6.00x10"
Tank 7.00x10” 2.50x10” 5.00x10° 1.00x107
Vessel (Column/Reactor/Drum) 8.00x10° 2.00x10” 2.00x10° 6.00x10"

fan: API581, Risk-Based Inspection Technology, 2™ Edition (2008)

Tasams Ieimusnsdimsialvaiiielddmiunmsdne e nsdinisialuaiiaiiredqe
(Worst case) 1 unsii91sananszmuanmss dlnavesdlnsid suluusunamnnainnsdinigmgs
(Blowout) Tusgminemaianevquda esnngunsaidesiuniswg siuinvauldarunsaviiauls
Faillomaindudonunn egndlsfiony wanmsUssdiufildazuansdsseiusunnegsaafionafat uld
Tuanmefigunaitlestuuazaniansznuiifimsfndaiediiunsed ianmnsavhauld

9. NTNI15UN528LIAIN532 18

firnsannsyalaauninansiinsindlugunsalaglvasenaunun dmsumsiilvaanvauiany
afinnsannsdavaliifuszeznannissiluag qAveanIs URTIBAMLNIYME APIS81: Risk-Based
Inspection Base Resource Document, 2™ Edition (2008) Farvualiseozinainislvat s udnuas
FEUUMTIVTULAETZUUA ANT991191U (Detection and isolation systems) 4alATIN152 fauanslu
A9 4.5-8

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 VT Uan.an. ouiuesd Anaasdiwusi $1in
unil 4 MIUTERURaNTENURWINADN ey 2563
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AN5197 4.5-8: N1SRIITUITLELLIAINTTII INANUANPAULTTUUATIDIUBALILUUAANISNI9IUVDY

gunsalsinge lulasenise

SEUUNTTATIIUMTI?NA STUUANNISHIY

328N MageEn

(Detection Systems)

(Isolation Systems) (Maximum Leak Duration)

A

the system

Instrumentation designed specifically to
detect material losses by changes in

operating (i.e. loss of pressure or flow) in

B

Isolation or shutdown systems activated | 30 u1¥ dw3ugss 0.25 U
by operators in the control room or 20 Wi dmsugsa 1 i
other suitable locations remote from 10 Wiyt dwiuss 4 Tvuly

the leak

a
NU:

API581, Risk-Based Inspection Technology, 2" Edition (2008)

A. N1SNAITUINGANTTUVBLETHAINTTI A

f9151lAA1NA UANTAVD9E158 UATI8V8LATINIGY A UITUAY (19555017 uwaz

fnsssumfmian (rounuan) NdnueuTRduashin dueaadunsied 4.5-9

M13197 4.5-9: 518a2DUAAMENURYDIAITOUATIBVRILATINTY

AMENUAA13IUNTI8YDIIATING

AaautAnududunsiauaznisinl

« anuzUnd: veanadlilvl

* 9AiRan (Boiling point) : 343.89 asrwadua 7l 1 AnuduussEne

* LFL = - dadluduedu (Weuwin C17-C25)

asAUszNaU

asnaududeudvosdussnavdnlngidu lalasansueuiiiininluanadiafu ua
ansUsEneUBWRETL I uveImandun Wu Paraffins, Olefins, Naphtha 1dusu

= AMUVLILLLY: 51.54 Uaussognuieniig

AYEITUIG

AaautAnududunsiauaznisinln

« anuguni: el

= qaLfien (Boiling point): -161.5 sseniwaidua 1 1 AwduUssEIMA
= LFL = 50,000 @ulududiy (Aeuwindinu)

2eAUsENaY

perUsznovdw g duaisiinu

AnENUANINIEAIN

= ATUVWILLL: 0.04 Yauddegnuisriug

ATV IRLYAT (ADULAULEN)

AaautAnudusunsiauaznisinln

« @ouzUnf: veamaalalv

« 9auiien (Boiling point): 343.89 psmLwaLda 7 1 ANLFUUTIEINA
= LFL = 50,000 d@ulududiu (Weuwim)

29AUIZNOY

perUsEnovadw v duaisinu

AMENUANIINIEAN

* ATUVUILLL: 25.820 Yauddeagnuiering

VSN Unn.ai. Louluesl anaasuiuun 31in (2562)

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61

unil 4 MIUTERURaNTENURWINADN

VT Uan.an. ouiuesd Anaasdiwusi $1in
ey 2563
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1. asunsdifnwuazlenialunisilvalundazaunsalvaslasenis

HAINNTHTANTRY AN TR anansaasUgasidenveansalfnymazdunly
dwsunsussdlunansenumeguuTRasedinmans dauandunisnei 4.5-10

M19199 4.5-10:nsaiAnwnazlenalunisidlualuusazsnenisaunsaluaslasenis

wireiiiduuvd umsng awdlunisiin
(Hazard Source) asii3ala nsaifnen winn1sal
224lATIN5" G %)
1. mawgsluszinamany | dsfudu g (nsdianiodign) 8x10*"
GG AP fasssuAman | msgs (hsdlasedig) 8x10“"
(WUnviqu @ 26.0 i) (AOULALLEY)
fins33UmA g (nsdianiodign) 8x10"
2. fousnaniug (Separator) | HnsTuRy aunsalunnsin (nsdlaniroiian) 6.00x107 @
(@ 1.0731.x3.1 1) Aag$h e 1 7 (hsdifdeulumaiogan) 2.00x10° @
frasssuvAmen | gunsalupniin (nsdlien$reiian) 6.00x10" @
(POUALLEY) Aag¥h e 1 i (hsdifideudlumaiogan) 2.00x10° @
QRLPEGIT) aunsalunnsin (nsdlianiroiian) 6.00x107 @
fing$1 vum 1 i (nsdiifenuilunsfngegn) 2.00x10° @
3. fatniivdiidumeum | thiudu gunsalunnsin (nsdlianirofian) 6.00x10" @
(Surge tank) (POLLALLEY) Aag$h e 1 (hsdifideudlumaiogean) 2.00x10° @
@ 11730 x 74 31) fresssumnAmas | gunsalusniin (hsdleniediae) 6.00x10" @
(POULALLEY) 331 vum 1 i (hsdiifenuilunsfingsgn) 2.00x10° @

i (1) International Association of Oil & Gas Producers (2019) Tngfiarsannisiinnswgafidruuueuviuengld Factor 0.61
Al 1.3x10° Assevay
(2) API Publication 581 (Risk-Based Inspection Technology), 2™ edition (2008)

4.5.2.3.(2) msAnwdayaanmuInaauifoguy
msAnwdayaanimuindentagiu Usenaumie

= NSANYNLT A AN G?’]Lmﬁmﬂﬂszﬁﬁ;m?faqﬁﬁﬁ@ sufEn i i dadieg
Tnesoudiovnnidlumshiauessiunansenuiienafatulusyiusine

= msAnudeyaaningn denined lilunsussidusunsnedouss ldun gavgd
UTTIINA MNTUUTIENNA ATUTUdTNS wazmudion Tneldlideyanniouine,
Tunsaliar¥rei an Worst case) 1 udaunulunisussidu 4 98198 smmnuania
msUszdiuves US EPA (1999) fauansreazidonluniaed 4.5-11

M13199 4.5-11: dayasnwanilendnenldlunisussiliudunsigsieuss

Yoyagaioningild Yoyagaisninensdiareiign (Worst case)
qquﬁmimmma?{a (e LALTe) 25.0
Araduduinsiads (Gevay) 50.0
AT IANRAYEER (WAsHeIUT) 1.5
Stability Class D (Natural condition)

fn US EPA (1999)

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 VT Uan.an. ouiuesd Anaasdiwusi $1in

unil 4 MIUTERURaNTENURWINADN ey 2563
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4.5.2.3.(3) n15USSUTUNANTENUAIGUUUTIADINNALINAITAS

f.

LUUIADIN LG I UN15AN®E

WUUTIADIN AT AAEAST LTS UN1TUSZIT US UAS185 18159 A LUUINaed BREEZE
Incident Analyst 9151 N5 AU L1 §9U1IALUUTI8D9 BREEZE HAZ. U99U3 €% Trinity Consultants Inc.
Usempansgouisn feUsenaumenuuinasitoy il

1)

2)

3)

4)

<.

SOURCE TERM WIZARD MODEL i uuuusnasadl auseanmunisUa seansiadudl of
ms¥alvaluannesingg Aewhlugnsussidunavesnsunsnszate (Dispersion) M3dn
ignlvsl (Fire) wagnsszin (Explosion)

DISPERSION MODEL iJunuusiasafiofiansansediunansenudomnnisunsnszany
YosEnaall Ussneusenuusaeseeesne fieid

INPUFF 1 unuusnaesil waiwnann EPA’s INPUFF model Tag INPUFF 184 Integrated
Gaussian puff model ‘Vlgﬂuﬂiiﬁ Instantaneous %3 ® Continuous, Buoyant 730
Neutrally-buoyant gas releases

AFTOX v wuuudaeed Waiuaaan US. Air Force’s Toxic Coridor Model (AFTOX)
Famneun1ssalvauuy Liquid spill

SLAB 13 L UUS @097 Wainu191n Lawrence Livermore National Laboratory’s (LLNL)
SLAB model. SLAB wisldfunsunsvesansiaifivinniterne

DEGADIS+ tluuuuiaesiiwundulnedifiugiuanain U.S. Envionmental Protection
Agency’s (EPA) DEGADIS model Tng DEGADIS+ i eUszifiunsuns nszanesmusiiaves
SN T VA NNISVRINITWNT LUY Instantaneous, Steady-state, W@ Transient releases

of dense gases

EXPLOSION MODEL \unuuirasaiielivssiiunansgvuid osanmsszidnvoengy
aauadl (Vapor Cloud Explosion %38 VCE)

FIRE MODEL L uuuudnassii ldUszifiunanszvuiil osannisg i slud nwaiz sineq
W Pool fires, Vertical jet fires waz Boiling Liquid Expanding Vapor Explosions (BLEVES)
s

NAINNISANYINLLUUINADY

é’mﬁmi%”ﬂwauazgﬂqumi%"ﬂ‘ma FIAUIUA WUV DIAAANENS SOURCE TERM
WIZARD MODEL ansoaiuseasidenlanmisnei 4.5-12

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 VT Uan.an. ouiuesd Anaasdiwusi $1in

unil 4 MIUTERURaNTENURWINADN ey 2563
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] a @ v v ' ' o
M1319N 4.5-12:918a2L08naN3I ﬂqii'ﬂﬂﬂa LLazEU LLUUﬂﬁii%l%a%laﬂ LLAAZKUIYDUNINY

wirefiduunas - i) sTaLIan Y3uneu DNTINTILNY . wnsaldunsieniilemaiotu
- a5l - a0 o o o , Anue
duUAsIY v AseANEN 4o As3alvia $alva $alva NNUBVDINAL o Jet Pool | Flash Fire or
duAsIY #59lna - Y ms3ama® | Fireball
(Hazard Source) (Kg/s) @Auan) (mu) (Kg/s) Fire Fire VCE
1. vigud529 dwu | nsdl Blowout vouven | 80,261.87 | 600.00 | 48,157.12 1,723.92 Viuitiule - - v v
(Wnvigu @ 26.0 ﬁa) Youval | 80,261.87 600.00 48,157.12 1,723.92 oo - v'x -
fimssnmd | n3al Blowout Ypaman | 20,515.22 | 600.00 | 12,309.13 20,515.22 Fudiviule - - 4 v
(ARUALLEN) VDIVA? 20,515.22 600.00 12,309.13 20,515.22 soiiles - V' - -
fisysud | nsdl Blowout finy 14,342.83 | 600.00 8,605.70 - Fudiiule 4 - - v
fineg 14,342.83 | 600.00 8,605.70 - feiilos - v - -

2. fauenanuy iy nstlgUnsalusniin vgamay | 2,125.00 0.64 1.36 0.04 fuiviule - - v v
(Separator) fng$ wn 1 sdimuilumaiegan) | e 58.97 23.06 1.36 0.04 fudiviule - - v v
@107u.x314) fisam® | nadlgunsalusniin Youmad | 503.75 0.16 0.08 8.09 Vudiviule - - v v

(Pouauan) | ing$h w1 ih (sdlenadlunmsifingean) | vewen | 1368 5.89 0.08 8.09 soiiles - - v v
Aoz | nsdlgUnsalupnvin A 194.92 0.36 0.07 - Viuitiule v - - v
fings2 v 1 ih (sdlennailumsifingean) e 5.41 13.22 0.07 - #oiiles - v - -

3. farnifvdaniidu duiipu | nsdlunsaiusnsin VYOIME 670.99 9.24 6.20 0.18 uitviule - - v v
YD (Surge tank) Lﬁmﬁa 2Um 1 53 (ﬂiiﬁmmﬁumnﬁmqﬂqm) VDIUNR 18.62 332.86 6.20 0.18 sewiios - - v v
@1170.x744) fiwsssund | nsdlgunsaiueniin YOIME 151.95 1.75 0.26 26.72 uitviula - - v v

(Pousiay) | Fng3 vum 1 i (vsdlenaiilumsingean) | veaman 4.21 63.07 0.26 4.21 soilos - - v v

yneLue: (1) fasandnuagnisiilva 81989910 APIS81: Risk-Based Inspection Base Resource Document, 2" Edition (2008) il

Hlnawuuiuiiviule (Instantaneous release) Lﬁm%unsaiﬁqﬂﬂinlﬁﬂmsumﬁﬂ u’%aiaﬂ%'“'mmﬂwg WlvUsInansHlwavesansunnnd 4.5 du (> 10,000 os.) neluan 3 und

$Hlwanuusewias (Continuous release) Lﬁm%uﬂsaiﬁqﬂﬂmlﬁmaﬁmmﬂLéﬂ M%ﬂﬁm']ms%ﬂﬂnaaﬁw%ﬂ WoUSinan1sslravesanstiosnimiowiniu 4.5 fu (<10,000 lbs.) nelutaan 3 wiit

-vanefe Lidammnsaldunse v vneds flenmaiamnnisaldunsie

* nsdifnwifiansanfsniuanlemansifamnnisalunseannginssumesasiansdalua
Tassmsngdrsatlinsidey wlasdsalunsias ninevuneay G1/61 St Uam.an. teuuest Anaaeun $1im
‘UVIﬁ q ﬂTiﬂiSLﬁuNﬁﬂiSV\UaﬂLL?ﬂﬁﬁm f’fumau 2563
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YY)

dMFUNTRTUINENTENUIINTEAUTIFMNTaUNNWMANT ANV wazsEAURsIAY
Minannsszidn aguladall

1) msusziiunansgnuanmamsalmadng 9nnsiilvavesdinadouuduinfiall
islununs Jet fire waw Pool fire savimsnliianlmsiuuy Fireball Fsavdsmalviiinisud fadarufou
nmawlnl Tneinasimstssduasfinsamanssnuanssduidamufeuiifinty iiemiuiflasy
HaNsenuaNsIdausoulusedu 4.0, 12.5, 25.0 uag 37.5 AlaTaAm 8A1SIRUAT AINEIAY
TneilneaziBunvestansgnuregunsaluavausaglunnei 4.5-13

o o v v = ¢ a ]
M19719N 4.5-1 33ﬁﬂﬂmzwaﬂingﬁnﬂﬂ']ilLN'i\‘iﬁﬂ']']uiaubluﬂimLWV!ﬂ']imLW'ﬁQI‘ViQJ

BRI L ANWULHANITENU
Fedmrudou
1 L4 '
RlaSad/ans19mn3) nansznusagunsal NansENufany
37.5 p1vhilvigunsainmskanineandere mnduraiy 1 ui Slenainlidedin 100%
(Damage to process equipment) mnduda 10 ui dlenmadedin 1%
(100% lethality in 1 min. 1% lethality in 10 s)
25.0 inbiAalwllaswasaliagbifiml winduraiiu 1 i Tlemeailidedin 100%
(Minimum energy to ignite wood at Winduia 10 3wt lomaunaduania

indefinitely long exposure without a flame) | (100% lethality in 1 min. significant injury in 10 s)
12.5 WU IR alwE enanain nduRaAY 1 17 Slemavinlidetin 1%
viaoLwia (Minimum energy to ignite wood | ynnduia 10 3l viliAausalwlveilusgaud 1

with a flame; melts plastic tubing) (1% lethality in 1 min. 1% degree burns in 10 s)

4.0 hifinansenusiegungnl mnduraiy 20 3t oA suauT e
hiflafurmliAaunanwes

(Causes pain if duration is longer than 20 s but

blistering is unlikely)

N World Bank technical paper number 55, Techniques for Assessing Industrial Hazards: A Manual (1988)

2) NMSUSTHIUNANTZNUAINNISTIEUA INNT32 189U UAUKASANUSITUIR WA LA
Ilwiud uaiianissnseantevesinevisloveamaloang usseniAkazian sazauauduTuw
4 4 5 z') Q{' a ¥ r-ﬂl U C% % 1 & a % L% v}
AU LUt U ansaRalla (LFL) Wedudaduwvasusenelnnsanianisdunusteslunienas
Fsazillonmadnlniuy Flash fire w3aiinn133ziln (Vapor cloud explosion) ag1dlaag1enilsls Tagiin
M5UTLHIUSLELNITHNS NSLANEVRIEITINA AU LT UT U N @1unsafalule (LFL) wagsadnlasu
P o Y] . P a ' ¢ o
HANTENUNSEAULIIIU 1.0, 3.5, 8 uag 10 psi lneilTeazidenvamansenussgunsaliavaunsasuly
P~
AN 4.5-14

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 VT Uan.an. ouiuesd Anaasdiwusi $1in
unil 4 MIUTERURaNTENURWINADN ey 2563
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AN5199 4.5-14: ANYUSNANTLNUIMNBIIAUNTALNANITILUN

FTAUKIIAY ANWULNANTINY
(psi) wansswwiaqﬂnmi NanIENuUAsAY
10.0 oPsPBUNIAER WA NI UEsmMEE UL sB e uB LY rudlvgiloniadedin®
(Reinforced concrete buildings are severely damaged (Most people are killed)
or demolished)

8.0 asAnudevneiuanmsle® (Destruction of buildings)/ Hlonainnsdedin
a1AsARUNIATIALMRLARANIEsEUUNA1N® iosnden afsarneglugnihans®

3.5 UruSeudemeegnaguus®/ liAan1sundusuusdld®
mmﬂ;ﬂi\iL‘Vi’gﬂ‘ﬁﬂL‘ﬁEJ’JLLaSQﬂﬁﬂaaﬂlﬂmﬂiﬂﬂgﬁuw (Serious injury likely)

(Steel frame building distorted and pulled away

from foundation)

1.0 Alnszanvizensauanifuiu (Shatters glass)? Aeansuimdunnirensyanviseuin®
fian : (1) Glasstone S, Dolan PJ, eds. The effects of nuclear weapons 3% ed. US. Department of Defense and the Energy
Research and Development Administration, 1977
2) Breeze Incident Analyst User Guide Version 1.2 ,Trinity Consultants (2013)
(3) Planning Guidance for Response to a Nuclear Detonation, Federal Emergency Management Agency (FEMA) (2010)
(4) Lees, Frank P., Loss Prevention in the Process Industries Vol.1 London and Boston (1980)

91 @asnasuNaNNSUTBEUNAN TS NN TEAUTIFA W TN INMN 5 adina e lnsl
WAE SEAULTIAUITLANINNITILTAMIELUUTIRRIAdaa1ans InnnsaAnuladauanslunised
4.5-15 Laga3197 4.5-16 AU

Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 VT Uan.an. ouiuesd Anaasdiwusi $1in
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A15199 4.5-15: NamsAIANIsaISANvasSIEANNSaunsEAUReY annsalinawaslng

e g v SadinansznuaNTedauTou (wns)
mieiiluunadunse oo s anwadz
P dsintidunsney nsdifinen ol 375 2 25.0 2 12.5 2 4.0 2
kW/m kKW/m kW/m kW/m
VIQULY ihifufiv MING Jet Fire 146.14 201.44 32599 624.86
(Wnuguvun @ 26.0 5’3) Pool Fire 512.65 568.01 685.01 989.41
NYEITUAME (POUAUEY) | MINE Jet Fire 185.70 259.63 419.95 800.29
Pool Fire 349.63 402.37 503.62 74537
AR5V mi‘W’sjﬂ Fireball 23859 292.22 413.26 730.55
Jet Fire 167.95 256.58 449.16 902.30
flauenanue (Separator) v natlaunsaluaniin Fireball 66.26 73.65 89.30 126.12
(@ 1.07 1.x 3.1 31) Ang$h w1 7 (rsdleruilunsifngsan) Jet Fire 13,52 14.80 17.42 23.99
fingsrsuives (Peuauey) | nsalgunsalusniin Pool Fire 28.56 31.34 36.69 49.59
Angi 1un 1 i (nsdlenmilumsiingan) Pool Fire 14.64 16.16 18.90 24.98
RCCER g nsflgunsaluaniin Fireball 40.42 49.42 70.01 123.77
fng31 i 1 (hsdleruilunsifiegeg) Jet Fire 7.59 8.79 16.21 32.07
fafnifvaniiduveaan (Surge tank) v nsdlgunsalusniin Pool Fire 165.28 192.95 250.92 396.17
@117 3. x 7.43) fng31 uin 1 (hsdleruilunsifiegegn) Pool Fire 18.03 20.11 25.11 36.59
fingsssunAwen (Powauay) | nsdlaunsaluaniin Pool Fire 70.84 87.72 120.96 197.64
g vun 1 i (nsdlenuilumsiingean) Pool Fire 10.52 12.59 16.83 24.59

Tassmsngdrsatlinsidey wlasdsalunsias ninevuneay G1/61
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A15199 4.5-16: nan1sAIANISAIS ANl vaLswnsEiaNsEAUA19 3NNSRRANTSSTR

wiseiduunasunse o o o0 | ssusmsumsnszaneissdy LAL oa Nanszwummmamz@ﬂ

I dsinliounTe nsgiAnm ms3alva - nsaiifia Vapor Cloud Explosion (1ufs)

(Kg/s) 10.0 psi | 8.0 psi | 3.5 psi 1.0 psi
VALY iy NG 80,261.87 48,157.12 708.40 | 818.84 | 1,405.13 | 3,185.17
(Uhnvguawn @ 26.0 ‘5’3) ANEIIUIR LN (ADLALIEN) ﬂ’liWE‘jG 20,515.22 12,309.13 853.74 | 986.83 | 1,693.46 | 3,838.65
AmsTIa miWE‘jG 14,342.83 8,605.70 831.30 | 960.90 | 1,648.91 | 3,737.78

fawenanUe (Separator) iy nstlgunsniuaniin 1.36 N/A 20.87 | 24.12 | 41.40 93.84
@ 107 1. x3.1 1) fing$a mm 1 0 (redeonilunsfingeae) | 136 N/A 2087 | 2412 | 4140 | 93.84

QR Rt nstlgunsniuaniin 0.08 N/A 17.04 | 19.70 | 33.80 76.63

(PRUALLE) fing$2 1m 1 7 (rederwilunsiingege) | 008 N/A 17.04 | 19.70 | 3380 | 76.63

QR GEE) nstlgunsniuaniin 0.07 N/A 1692 | 1955 | 3356 76.08

fng$2 1m 1 7 (rederuilunsiingegs) | 007 N/A 1692 | 1955 | 3356 | 76.08

dafrivduiiduveaman (Surge tank) iy nstlgunsniuaniin 6.20 N/A 34.45 | 39.83 | 6835 | 154.93
@117 3. x7.43) fng$a 1m 1 7 (rederwilunsiingeae) | 6.20 N/A 34.45 | 39.83 | 6835 | 154.93
AnsITINRWED nstlgunsniuaniin 0.26 N/A 2537 | 2933 | 5033 | 114.09

(PRUPLLEY) Lﬁmﬁa w1 (ﬂiﬂmmﬁhmiﬁmgqqm) 0.26 N/A 2537 | 29.33 | 50.33 114.09

Tassmsngdrsatlinsidey wlasdsalunsias ninevuneay G1/61

il 4 MsUsElUNanIENUALInG oL

Vi1 4-110

VS Uan.an. louluesd Anaasdluun 1in

fugneu 2563



A. dagurannnsinwsiewuuinassadinaansilusensdl
1) NFAUNITWFIRINNANNL
1.1) nsfinswgsvasinduay

Lﬁ'aﬂﬁmmmﬁauﬁ’mmuqﬁé”]é’us{?uﬂmﬁmmefﬁaié’umw%ﬁmm (Event tree) ANy
WLIN9TRY API581 (2008) wuin dlenmalunisiinnisialniuu Pool fire w3 ensalusvesuadlifaly
AUN LLﬁiLﬁﬂmiﬂamzmw%Lﬂ?{ guaauzidufiivanuevesviaioangusse1nia (Evaporation pool)
uazanafanmsavanvesngufwaniunuaadutud uihflaunsafaldld (LFD) dedudatuunds
Usgmelnus stinnisdunuiteslunendsaziloniafalwiuy Flash fire n3oiian1sszidn (Vapor
cloud explosion) a819lsfnu Tassnsa Ieandunms@nwilunsdhiianisslnaeg 1eewies uaziin
msanlludnuas Jet fire voafngsssumRmaiaiiy fei

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire /Jet Fire (if continue)
ms%"’ﬂ%aamuwaamm
(Liquid Release)
No Ignition Safe Dispersion

NHANTANINIBUUUTIADY (A1 4.5-15 Lazn3197 4.5-16) ELaNTV0ULN
& Aaa Yo ay PN Y 1w oA o 2 o a
yasunnilenidlasunansenuannstifreusaian laun Sdanusau 37.5 KW/m? warannuseenssiln
158U 10 psi INMIAAMANTAILUUAN Dreudavassansemuligu TRoudnlvgilenadedin
WU Aedisaillnaiian Ae 512.65 Wns uar 708.40 wns muaay laemnmsalianengaddllonialy
MaAnTueN (easdeavedlenanisiialuiadan 4.5.2.3.(1)) aeaseurquitunu Ui nuviavaauy
witeUf iR nueguenyngily Lo NWIUAWIMNRAINNTN 65 MRS UAze1d 100 Wng

1.2) NIANTINGIVDINYSTINVIAWAL

Lﬁaﬁﬁmm’nﬁauﬁULLmuQﬁﬁﬁU%umiLﬁmL,ngiiﬁé’umw%”ml,m (Event tree) ANy
WUIMN9VRY API581 (2008) wuln dlenalunisiinnisialniuy Pool fire w3ensaluavesuadlusaly
UN Lm'Lﬁmmiﬂqmzmw%mﬁ'smﬂmuzL‘fJuﬁ"wezmﬂu'aﬁuaﬂmmaaﬂajusimmﬁ (Evaporation pool)
warerAansarauvesnguf wauiviinaenudutud uhitanmnsodalild (LFD) deduiatuumas
Usgnmelini aifianisdunudeslunienasaziiloniadnlvuuu Flash fire w3atinn1sseida (Vapor
cloud explosion) a8 1dlsfimna Tasan1sa Iadidunis@nulunsdifinnissalvastusawdies uaziia
msnalwludnuae Jet fire vosimsssuvRuaaiiadia &l

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition Immediate Ignition Pool Fire /Jet Fire (if continue)
m‘s%"’ﬂ‘waamuwmmm
(Liquid Release)
No Ignition Safe Dispersion
Iﬂsq‘mimzﬁﬁim?ﬂmﬂﬁam }LUaaﬁ”wim’lwmaa‘wﬂwwmmaﬂu G1/61 U3 Uam.am. tewuesd Ananeuiu S
unil 4 nsUsziiunanssnudsnden fiugneu 2563
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MNHaMIANYTBIUUTIaRS (5197 4.5-15 Lazaseil 4.5-16) efiansanveuiun
vesiuifilenaldsunanssnuannadiseusiian éun Sedenufou 37.5 kW/m? uazannussdaseda
fisediu 10 psi ANNTAAMANTAILUUAN %’wqé’u%a%ﬁmaﬂﬁwwﬂ,ﬁi{ﬂﬁﬂ’aqwuﬁauiwﬁgﬁiaﬂwaL?ia%f‘;m
wun axii§aiilnafign Ao 309.63 wims uay 853.74 Wns muddu Tnewmmsallanieiian dullenia
Tumafintuenn (MeasiBonvadeniansisluiadefl 4.5.2.3.(1) wasouequituiiufoanuimue
VUi TR ey uenteils Wesmnuiuaelivinannunig 65 wms waze 100 b

1.3) N3RIN1ITNGIVBINYTITUVIA

Lﬁaﬁmsm%ﬁauﬁ’mwuqﬁﬁwﬁusz‘]’juﬂmﬁmmq N30l unT18318UTe (Event tree) M
WUIN19YY API581 (2008) wud Alemalunisiianisialnuuviuiviulavesnguinwiuy Fireball wemn
ﬁmiwwa'ﬂigﬁnmm%szjaaﬂajmimmma&ﬁmmiazauauﬁﬂ%mmﬂmuﬁm’fwﬁzuﬁﬁawmmamlvﬂﬁ (LFL)
dleduiatuuwnawssmeliviaianisduausuedunends wzdlonafaliuuy Flash fire n3oiin
M332L0m (Vapor cloud explosion) gl

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Fireball
mssalvaaniugine
(Vapor Release)
No Ignition Physical Explosion

MMHaMIANYPBULUUTaRS (5197 4.5-15 UazAseil 4.5-16) efinrsanueuiun
vesiuifilenaldsunanssnuannadiseusiian e Seenufou 37.5 kW/m? uazannussdasuida
sy 10 psi NMIRRWRMTAILUUAN %ﬂdﬁu%ﬂ%ﬁqmaﬂiwu‘lﬁﬁﬂﬁﬁaﬂﬂuﬁauiuﬁgﬁiaﬂwaL?la%‘im
wuin axii§aillnaiign Ao 238,59 wns uag 831.30 Lims Auawy Inewmmsalianiefiandeilenaly
madatuenn (Measdeaveslenmaniaialuiaded 4.5.2.3.1)) %mamqmﬁuﬁﬂﬁﬁ’ﬁmuﬂgwmuu
winefiufoRaueguenmeila iWemnuwiuanedivuinmuniie 65 wims uagem 100 wms

2) nsain1sialvaanndeenaaiue
2.1) MmslvavesingsssuviAnndiuenaniuzannisuanin (nsalialsengn)
Tunsaiiansfnlnuuiuividlavesnguinguwuy Fireball visevnniinsuninsyatevosine

ganguITEIMAkAzIiANITavauauilUSaumududuluiianansadalnla (LFL) Wedudaniuunas
Uszmelrisaiiansdumudaedunends asilomadalnwuu Flash fire vsaiinnsszida (Vapor cloud

. vo X
explosion) laesil
Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition Immediate Ignition Fireball
532 lvadanuzineg
(Vapor Release)
No Ignition Physical Explosion
Tassmangdrsralinsiden wasdisalunsias nivenuneay G1/61 U3 Unn.an. ouuest Anaaeuuni $1in
unil 4 MIUTERURaNTENURWINADN ey 2563
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[ '

MNHAMSANFBLUUEA0Y (AN5197 4.5-15 Warans1eil 4.5-16) ilefinsanueuiuAves
fuififlemaldSunansynuannsdirouseian Wud Ssdarudou 37.5 kw/m? uazanussdnszidnd
53U 10 psi MNMEAAMANIBILUURNY T1euTsazdmanseuliuf Tnud vy ilomadsdin
wuin agildmillnafian Ae 40.42 wms uay 16.92 was mud iy Taowmmssiiarefigadsiilonaly
mafatuen (eandeavedemanaisluiadel 4.5.2.3.(1) wwaseunquituiiuftRmudiuivejuu

a wa

wineufuiRnueguenyngily o NWElnNAmINnIg 65 WAT Uazed 100 wng
2.2) nsaimsTalravasinesssuvIRanduenanIuzaIngsa 1 47 (nsalinungean)

Tunsdifidinms$lnawvuseadios Tlenmalunmsiianisialiuuuriufiviulanuy Jet Fire us
ynmsilnavesansusbifialiluiuil waslimsuninszaevesfimeongusseniAuasinnsasayaus]
Usinamnududutusniianansodalild (LFL) dedudaiuumasssmelinideinnisdumdsiaesiy
mevids axilomaisliluuy Flash fire Waadiamsszdn (Vapor Cloud Explosion) el

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition Immediate Ignition Jet Fire (if continuous)
mssalvaaniugine
(Vapor Release)
No Ignition Physical Explosion

[ '

INNANTANINIBUUUTIADY (115199 4.5-15 LazA15199 4.5-16) HIoNIIUVOUUATDS
nunnilenalasunansenuainnstiienseian laun Ssanusou 37.5 kw/m? kavainusseassidag
JeAU 10 psi INMTAMMANTALUUANY T1enuTaedmansenulvguiianudnlvg dlenadedin

J Ao a Ql' A o w & A awa ]
WU %mﬂulﬂamqm AB 7.59 LWAT WA 16.92 AT MUAINU ATOUARNNUN U UAUUNEIUUU
witeUf R nueguenyngily o NWtWITWINAIINNTN 65 WINT wazrend 100 WS

2.3) N5AN1552MaVIR1USTIUYVIRLNAD (ADULAULEN) N ILYNFNIULIINNITHANIN
(hsaladireingn)

filemalunisiiansaaliuuy Pool fire viensalusvesnaldfalnyiug usiinnisil

nszevseildsuaonuziufiigannueeraioangusse1na (Evaporation pool) wazeraiinnsaza
I e N a Yy v o 5 a 1% A o o W i a4 a

Yoanguinwaul Usinaenudududuaiasnsodatila (LFL) WedudaiuwnasUssnalinieiin
msdunUiuedumendsazilonafaliuuy Flash fire visaiian1sszidn (Vapor cloud explosion) laedil

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'ri%"'ﬂwaan’mmlaama'a
(Liquid Release)
No Ignition Safe Dispersion
Tassmsngdrsntinsidey wasdsialunzesninemneay G1/61 U3 Unn.an. tewuedd Anaaeuuyi $1in
undl 4 MsUsEiuNanTENUALIAR o ffugneu 2563
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[ '

MNHAMSANFBLUUEA0Y (AN5197 4.5-15 Warans1eil 4.5-16) ilefinsanueuiuAves
fuififlemaldSunansynuannsdirouseian Wud Ssdarudou 37.5 kw/m? uazanussdnszidnd
53U 10 psi MNMEAAMANIBILUURNY T1euTsazdmanseuliuf Tnud vy ilomadsdin
wuin azil¥millnafian Ae 28.56 s uaz 17.04 wes smuadu Taowmmssiiarofigadiilenaly
mafatuen (easdesedomanainluiaded 4.5.23.(1) waseunquituiiuftRmuuisdiu
winnevfRnuegueneils Wesmnuieauinmuning 65 wRs uazem 100 WA

2.4) nsainmsiilvavesinusssuviivad (AauAUEN) NdeuenaaIuzangia 1 4o
(hsallianungegn)

filemalumsiianisialiuuy Pool fire niensdlvsveunailifaluiud usiianisil
mgmw‘%aw?{suamuzlﬂuﬁwmﬂﬂammmmaaﬂajmimmﬁ (Evaporation pool) kageainnsayas
voangufsauiviinan it uduindiamnsodalild (LD dedudatuuvasseniglivi aiin
msdusUiedumevdwzilenmennliuu Flash fire vidainmsszidn (Vapor cloud explosion) el

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'ﬁ%"'s‘lwaamuwmmm
(Liquid Release)
No Ignition Safe Dispersion

[ '

MNHAMSANPIBILUUTIEDS (AN5197 4.5-15 Warans1eil 4.5-16) lefinNsanveuiunves
fuififlenaldSunansznuannsdirouseiian Wi Sedarudou 37.5 kw/m? uazanussdnszidnd
58U 10 psi MNMEAAWANsaILUUANGY Sredudsazdmanseulruf TRnudnlvgiTomadedin
wuin xiseillnafian Ao 14.60 WA uag 17.04 Lms ANERY %mamquﬁuﬁﬂﬁﬁaﬂmwdauw
winefiufoRnusgueneils Wemnuiuanzdiiunmuniig 65 wes waren 100 w3

2.5) nfimsTilvavesiiufuandeuengaiuzannsuanin (nsalalairenga)

filemalunisiiansaaliuuy Pool fire viensalusvesnaldfalnyiug usiinnisil

nszevseildsuaonuziufiigannueeraioangusse1na (Evaporation pool) wazeraiinnsaza
I e N a Yy v & 5 a v A o o W i A a

YoanguigandUsinannudututusiansadalila (LFD) deduiaduunasUsenglivseiin
msdunUiuedumendsazilonafaliuuy Flash fire visaiian1sszidn (Vapor cloud explosion) laedil

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'ri%"'ﬂwaan’mmlaama'a
(Liquid Release)
No Ignition Safe Dispersion
Tassmsngdrsntinsidey wasdsialunzesninemneay G1/61 U3 Unn.an. tewuedd Anaaeuuyi $1in
undl 4 MsUsEiuNanTENUALIAR o ffugneu 2563
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MNHAMSANFBLUUEA0Y (AN5197 4.5-15 Warans1eil 4.5-16) ilefinsanueuiuAves
fufiilenald¥unansenunnnsdiieuseiian léun Yedamudou 37.5 kw/m? uasanusedassidnd
53U 10 psi MNMEAAMANIBILUURNY T1euTsazdmanseuliuf Tnud vy ilomadsdin
wuin agil¥millnafian Ae 66.26 s uaz 20.87 wes muadu Taswmmssiiarefiaadiilenely
maAntuen MesuBeavedemanafnluiatefl 4.5.2.3.(1) awaseusquituiiufoReuieurmun

vuwiuEUjuRueguenegil NI nNAANLNING 65 WAT UA¥E1d 100 WNg
2.6) nsaimsFalvavasinsiufuandauenaauzangsa 1 da (nsaldianudgeen)

filemalunisiianisfialiluuy Pool fire n3ensdlvovotnadlifnluyiug usiinnisf
nsznevierasuanmumdufimainyeveanmeengussenma (Evaporation pool) Wagenaifnniseasas
voanguieauiiviiunnududud uii annsodalild (LFD Jedudadiuuvasseniglini ol
msdumUFaetlunevdwzillonafnliwuy Flash fire viseiinmsszida (Vapor cloud explosion) e

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'li%'"s‘lwaamuwmma'a
(Liquid Release)
No lgnition Safe Dispersion

INNANTANINIBUUUTIADY (115199 4.5-15 LazA15199 4.5-16) HIoNIIUVOUUATDS
nunnilenalasunansenuainnstiienseian laun Ssanusou 37.5 kw/m? kavainusseassidag
JeAU 10 psi INMTAMMANTALUUANY T1enuTaedmansenulvguiianudnlvg dlenadedin

i Ny a =i - o w & A awa ]
WUIN %mﬁﬂﬂamm AD 13.52 lWAT Way 20.87 AT ANNAINY LATOUARNNUN U UAMUUNEIUUU

winzNU URnueuanei Wemnuwinelivuiamundg 65 Wes uaged 100 RS

3) nsdinssalvaandsininuduniduvaamia (Surge tank)

3.1) nsainsiqlvavesinusssurfivad (ABULAULEN) 31N Surge tank INATUANTAN
(hsalianienen)

flemalumsiianisiialiuuy Pool fire n3ensdivsveawailifaluviud udtinnisile
nsznevierasuanmumdufimanyeveavamesngussenna (Evaporation pool) wavenalinnisasas
voangufsauiUiinan it ududniamnsodalild (P Wedudatuuvasseniglivi aiia
msdumUFaesiunevdweillonaRaliuuy Flash fire visaiiamsszda (Vapor cloud explosion) sl

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
m‘s%"’ﬂ%aamuzma\imm
(Liquid Release)
No Ignition Safe Dispersion
Iﬂiﬂ‘ﬂTiLmzﬁWi’JﬁﬁﬂmiLaﬂm }LUaaﬁwsm’lwmaa‘wﬂwwmmaﬂu G1/61 U3 Uam.am. tewuesd Ananeuiu S
unil 4 nsUsziiunanssnudsnden fiugneu 2563
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MNHAMSANFBLUUEA0Y (AN5197 4.5-15 Warans1eil 4.5-16) ilefinsanueuiuAves
fufiilenald¥unansenunnnsdiieuseiian léun Yedamudou 37.5 kw/m? uasanusedassidnd
53U 10 psi MNMEAAWRNsBILUUANE T1eiudaazdmanseulifuf TRnudnlvgilomadedin
wuin agil¥millnafian Ae 70.84 wms uay 25.37 was mud iy Taswmmssiiarofigadsiilenaly
maAntuen MesuBeavedemanafnluiatefl 4.5.2.3.(1) awaseusquituiiufoReuieurmun

vuiuEUuRueguengil e nunlivwInaminde 65 BInT wazend 100 WA

3.2) n3ain13iqlnavesinusssuvdman (ABULAULEY) 310 Surge tank 1MF32 1 U2
(hsallianungegn)

filemalunisiianisialiluuy Pool fire viensalveveamailiddaliiuil usiiianisil
mgmw‘%aw?{suamuzlﬂuﬁwmﬂﬂammmmaaﬂajmimmﬁ (Evaporation pool) kageainnsayas
voangufsauiviinan it uduindiamnsodalild (LD dedudatuuvasseniglivi aiin
nsdumUiedunevdnsilonaialiuuy Flash fire sierinnisszda (Vapor cloud explosion) il

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'ﬁ%"'s‘lwaamuwmmm
(Liquid Release)
No Ignition Safe Dispersion

[ '

MNHAMSANPIBILUUTIEDS (AN5197 4.5-15 Warans1eil 4.5-16) lefinNsanveuiunves
fuififlenaldSunansznuannsdirouseiian Wi Sedarudou 37.5 kw/m? uazanussdnszidnd
58U 10 psi MMMEAAMANTEILUUANGY T1eudsazdmanseu U TRnudnlvgilomadedin
wuin xseillnafian Ao 10.52 WA uag 2537 Lms ANEIRY %mamquﬁuﬁﬂﬁﬁaﬂmwdauw
winefiufoRauegueneila Wemnuwiuanzsivuinmunii 65 wims uagem 100 wms

3.3) nsalmssaluavaaisiufiuain Surge tank NNsuaNYin (N3aliadIeign)

filemalunisiiansaaliuuy Pool fire viensalusvesnaldfalnyiug usiinnisil

nszevseildsuaonuziufiigannueearaioangusseinia (Evaporation pool) wazeraiinnsaza
I e N a Yy v o 5 a v A o o W i a4 a

Yoanguinwaul Usunaenudududuaiasnsodalnla (LFL) WedudaiuwnasUsenalinieiin
msdunUiuedumendsazilonafaliuuy Flash fire visaiian1sszidn (Vapor cloud explosion) laedil

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'ri%"'ﬂwaan’mmlaama'a
(Liquid Release)
No Ignition Safe Dispersion
Tassmsngdrsntinsidey wasdsialunzesninemneay G1/61 U3 Unn.an. tewuedd Anaaeuuyi $1in
undl 4 MsUsEiuNanTENUALIAR o ffugneu 2563
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MNHAMSANFBLUUEA0Y (AN5197 4.5-15 Warans1eil 4.5-16) ilefinsanueuiuAves
fufiilenald¥unansenunnnsdiieuseiian léun Yedamudou 37.5 kw/m? uasanusedassidnd
53U 10 psi MNMEAAMANIBILUURNY T1euTsazdmanseuliuf Tnud vy ilomadsdin
wuin xiifeillnafian Ae 165.28 wims way 30.45 wns mudiy Teewmmsalianieiaadsilonidly
maAntuen MesuBeavedemanafnluiatefl 4.5.2.3.(1) awaseusquituiiufoReuieurmun

vuiuEUjuRueguenegil [Nt IvwInAINNTN 65 RS UAged 100 WAg
3.4) nsainsialavasinaiufiuain Surge tank 310357 1 13 (NIRlliANuAgeEn)

filemalunisiianisfinliluuu Pool fire n3ensaluovotnailifalvlyiui wiiianisf s
ﬂizmw'%am?{wamuznﬂuﬁ”ws&mnﬂamaqmmaaﬂgjmﬁmmﬂ (Evaporation pool) kageainnsayas
voanguieauiiviiunnududud uii annsodalild (LFD Jedudadiuunassenielini ol
msdumUFaetlunevdwzillonafnliwuy Flash fire visoiinmsszida (Vapor cloud explosion) e

Delayed Ignition Flash Fire or Vapor Cloud Explosion
Ignition | Immediate Ignition Pool Fire
n'ﬁ%"'s‘lwaan'luwmmm
(Liquid Release)
No lgnition Safe Dispersion

INNANTANINIBUUUTIADY (115199 4.5-15 LazA15199 4.5-16) HIoNIIUVOUUATDS
nunnilenalasunansenuainnstiienseian laun Ssanusou 37.5 kw/m? kavainusseassidag
JeAU 10 psi NMTAMAANITALUUANT TnuTavdmansenuliguiianudlngilemadedin

U auv A dl = o U ‘39"/ dl a wva 1
WU ﬁ]smmlﬂawqm AD 18.03 AT Wag 34.45 WAT MUAINU WATOUAGNNUN U UAIUUNEIUY
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4524  N13AIANMTATEAUANNTULIIVIINANTENUNIDNAAAAINNN

msmAMEBisEUmLTLTemansEUTioaRstus s uU el 3 ey Ae sedus
SeAuUUNAN Uagseauge lngtinaannnsinmaleuuuaesnlddmiunmsiiansananuIuLswes
HansznUTUsEdud U nensAsndeunenmuagTanm dunuensliusslenivesyud way
AUAAMBAUNINTINVRILATINTTY Ingldnaninaueinisiansanmussidsunsulssnugnamns syl
é";wé’m,ﬂmsﬁmi%yﬂaé’umwa msUseidiumnudes LLawmﬁmﬁ']LLmumuu%mﬁmmimmL?iem . 2543
(mmm‘tummw 4.5-2) mmnmauasuwmuwmim’mmmwmwmsuaqmaﬂsmwamﬂmmummma
mwmﬂsaumaammamamw n$neInsd wandeumedinim aaurnsldusslevivesn vl way
AuAeRnA N Fall

< a a éj 1 o/ a v [
4.5.2.4.(1) UssAUNansenuNaInnduaansweInsaiuInasunInI1enIn Uaznsneins
FIINABUNNTININ

Waiansunialuavesisiufue1adanansenua o danlnd sl ufunAas s nszane
TUfa Faazasansiiliasuidund aui LGN un AL AL a1 lIf aNaNTENUALLEUNSNDUALD
famMssilva AlanseasdennsUseiiunansynuluiatean 4.5.3.4

dMSUNIAAYEIINYIRVT (AOLIALLEN) AIFVIA WarainNTUNINTTAEBE 4TINS
refududuuneg vufia LLammzmalﬂaahﬁam%amiwqmmﬁmmﬁg’]mau‘%nr:ua"nl‘v]a (GRIVAF
Unffisgiuinimziauinue milneaeglutiag 27-30 asmwaidiea) fiall SarnaAanszuiunisuls
ANTANLGTINYR (Weathering rates) vasllnsidouviinsineg Svanesiadeiifedes Wy auautAves
Vnaden Uhinadlnaden Ussnvmoniniu wavdnmwand eunineg (NSeiaay Laswan uazgumngi
Wus) Gefinwsssumnimad (Aouauan) Wuansilinseguu wasillomavosiioziesududsiady
fliefios yudduiuillasnis Snssuacuuse iWosnduiuildenseils agdlsfiom vnefdlina
ASYUILNIIUSANWAIET I AR DRE AN SEUsAdTInlunziald TaesyiumnTuussemansEmy
S?Tuagjﬁ’uﬂ%mmﬁ Anmsdalvia wazszdvmmulufiviesfimwssamAme (ewauan) damsialyaain
nswgsenaviliiAansdalualuuiuamn waragsemelunason faiu Jso1ainansznusie
Aunndeudntion uarannsaunduRuganImdy

wenan mnnsiinseidauazdnaduazlidmansenuseninensd windoulaunss
Wemwniuiailulasinsd egritlnaanmetlsreutann waemnifinduiazegludialaeseu
UShuimiiawa ity Usenaudulasinisy azdamseuns eelowazgunsalmvaudaadeluiui

UHURNY wagmadtan nwindenazan el ndudanmdialai anasuluTaiansananug s
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4.5.2.4.(2) Uszzﬁuwanizwuﬁmmﬁmﬁuw’a@mﬂ"m7577?’1/53[&/7/117/@@1/1{%7

finsanssiuauguLswesHanseuf o aindud en A mslEUsslomivosnud way
A wenun T ineglusyiud ewn maRadaAssuaznsszlnazRnmudeediieluinm
TndAesiiufilasans Ssoglunsauadlifigmuogluuinalndifes dadu mndawmmsaifng iy
slideansznusionsliustlevivesyumy Aanmin Uimsymumazszuuassalan mslended
ogvodugIuvesUsEYTY

4.5.2.4.(3) Uszidunansgnuiiarviadudanaiarsianainngie

NTUNTEAUANINTULTIVDINANTENUTN D1 AT s DA MA W BAMNMTINog luTEsug an
fesnnmnifindaddenarnsssda orwhlifidlasuuiaiuisedulisguuss wazenadieused sy
NINAN IS OLEETIN IAgAINUTULTBINANTENUIT LY TUANNTULTIWBIANTA] Fuuminaui
U URemeglununujianuiulusasiowe Inedeinsanveuwsvesiuinilemaldsunanseny

v Y] 2 = o a a ) L= ! Y o ~
NNTIEMNTOU 37.5 KW/m? lay/Mseainusionszsidafiseau 10 psi dsazdsmanseynulindnauilona
deT3n wudn avAseumRuUTU UAnuwvalunsaififiams uuwiuaie Gaanddugun 4.5-1)

g lsfinu Wemnwinaneilasinss andeninlilunsufofo aedesdlasained
Igsunmseenuuualaedaferuuaondeni wasilsvuunnag fidenadewmudeimuntes IMO uay
SOLAS lguf 1) szuun1ssanisiii eastenialunisiindaf e (Prevention of fire and explosion) 1
msdrinvesianfianinsafialil msiiszuussuiseniea waslissuumuaumsialua 2) msfiszuunsadu
LazUdFieu (Fire detection and alarm) Wiy #5193 uATY AmadumLTou asadufieiiasafialy
uaznsraduanlal ieliiuladnsannsonsadumnddlnduas ef S uduaselddusluszosusn
fiotl i elianinsoud afoumineui iR eweglufiuilufoRnu 3) gunsaifuinds (Firefighting)
Wiolddmsvdumasiiduindanougnaty warvenensning 4) gunsalanuasadudmiunisenem
el S unumevauesnsdvg mnigadunmaindad feuaznissndn wiowTeuaumdey
Typansanansoneuauesmommaniduiionaifiniulfeswiuisiiuseivssdns nm wavaneudssd
wiRnmsgyde Jemfsruunstiediauasnsugmeunagldsunndy
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l:l L4 &I l:l a va 1 v L | v | L a .
EU'VI 4.5-1: LLN'L!N\?‘IIB\‘]WUVI‘UQ‘UWQWU‘UULWI‘L!L"\]'IS LaZSANYRINANTENUIINTIAAIUTDU 37.5 kW/m? LazsAlvainansenuannusenssiin 10 psi
= y A @ ' :
'ﬂ]']ﬂﬂ‘iml»a’l‘i']EJ‘VI’s':!ﬂ’si’WﬁUﬂ’]‘iWEjﬂlﬂi%VlTNﬂ'lil»ﬁ]’w
<} 100 m. g
F 3
Auvdsnuqa
(Fuvieafitian1snga)
o (LRED
E == i 65m.
v
) e /_ JaflvanansznuINuTIinTEila 10 psi (853.74 wing)
Ve h o MNNsdMIngsnmaune wihiinesssundmmialua
S| awiamsszidiauuy Vapor Cloud Explosion
./ ;
j." \‘.
.f --------------
f“
/
ﬁnLLW&m*:%‘lmﬁﬁmeﬁnuﬁu
d 4 asa H
Tuftuirdjiemunz i o Wie1zniiaes u.
'.‘ .
\ W¥in212877 100 1. |
\\ ;”
. SrfluemansznuInadAnuTau 37.5 kW/m? (512.65 wng)
AN Nnnsdimsnginvauiats whihisfuAuialug /
S| udufenis@alvuuu Pool Fire
yy
‘\\\. '/’
l‘\\‘. /,"’
//
viaeiidy Setivasssdanuiou Sefivaanseansuin
UWWEI9UATIE 5 - anwouy nsaiRnlWLUY Jet Fire %138 Fire Ball (1n3) nsaitin Vapor Cloud Explosion (1a3)
dnuziisalva ASAANEN - > > > >
(Hazard nsanl 37.5 KW/m 25.0 kW/m 12.5 kW/m 4.0 KW/m 10.0 psi 8.0 psi 3.5 psi 1.0 psi
Source)
AU iludiv TN Pool Fire 512.65 568.01 685.01 989.41
. 708.40 818.84 1,405.13 3,185.17
(mﬂquuﬂumm 0 QREIGN Jet Fire 146.14 201.44 32599 624.86
26013) AREITUYIRME AINES Pool Fire 349.63 402.37 503.62 745.37
. - 853.74 986.83 1,693.46 3,838.65
(PeuALLEY) MM Jet Fire 185.70 259.63 419.95 800.29
usTIUNRA AINES Fireball 23859 29222 41326 730.55
. - 831.30 960.90 1,648.91 3,737.78
NINGY Jet Fire 167.95 256.58 449.16 902.30
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4.5.2.5 A15NANSAUNSEAULBNTaYaINISLA (Likelihood)

lonmavasnsiimdunisfiansananuiiazsduvesnisiinmegnisalane laun nsiia
wadlvgd nsseida wagmsngs Feanunsauszdiulaglinenuatfiviendngiunuansiannnisal
FINANMTMLALLAATULILEI I UBAN TnsLUIsERUvaslanIanIsiiale 4 syeu

[ (%
v A

yiafl il eWarsandeyaai Aarnionansineuns Risk Assessment Data Directory U84
International Association of Oil & Gas Producers (IOGP, 2019) ag Suggested Generic Equipment
Failure Frequencies s ¥y 13Ty API581: Risk-Based Inspection Base Resource Document, 2™ Edition
(2008) aunsnagUiioyald il

mangsluszninnisinzvausrstinsifey

winmsalndsludvsenissudnnnunnsainmsngsinduiosas 16 voursn1sainsngs
(Per Holland, 1996) fauasaudvadtonansiinmsnsaingsluseninnsansvaudsindmiuay
S Y a =
lleuiuunAlunsned 4.5-17

Ingdienuivadenageanannsalifalilnivienisseidannmmmsainiswg susening
M3vaudIIalsEInM 1.2x10° ASsel

AN5190 4.5-17: aArudvaslanianaziialvlndivianissaidnainnisngs

= = a ¢ = = a Y a
. | Anudvaslemanaziaman1Taings Auvaslantaiaziinlnluduianisseida
Usznmvaamanisal ; P : ,
Tuszndnenisiang nwmanIsainswgeluseninmisiang
ASNASIUTENINNT L, L, ¥ o =
K 8x10* Asasavgu® 1.2x10* as9siadl (1 A% Tun1saniiueu 8,333 U) @
WEnaud159
iun: (1) International Association of Oil & Gas Producers (2019) Tagfiansannsiianiswasiidauuuveuriuiagld Factor 0.61

safueud 1.3x107” ASesanay
(2) Per Holland (1996) mnudwedleniaiazifalnlvivientsszidnmnmanisalniswgednduiosas 16 veunanisaintamgs

wenanil Weanlemanisiinvedvnmsalana useny ladmualidsateyaduni

f'\”wizﬁuéuiuﬂ%nm‘ﬁfﬂ3quuﬁﬁa%aﬂmamsﬂ pausTiiualy Wesananmnisifedisyau
?Tu@ummqﬁﬁﬂﬁﬁmmﬂm?fsmsuaqmﬁwq'q LaglusEMINNISRIEY LTI IAIUANLALATIFADY
pusuneluvaunaenial mmﬁgﬁmé?@qﬂﬂiaiﬂmﬁumiwzja (Blowout Preventer %38 BOP) fiu3tia
1J'1ﬂmqaJLﬁai’]aqﬁ’uﬂﬁ%l"giwasuaﬂimlﬁsmiuﬂ%mmmm Fesunsasulladsyanas 10,000 Yaussonnsnaii

Twwaituindutlssdennalilugnilnedussiugeanusyana 9,000 Yaudnen1s1eils (Usm.an., 2562)
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nsalmssalva

nsdlmsilnafianirofian (Worst case) nsfinsansansgnuanmstilvavestlnsidonlu
USinasnn snmsslvanniamsusniiniionn (Total rupture) 3eiflonalunisiitu 6.0x107 adwio
T e 1 as Tu 1,666,667 T (4P| 2008) dunsdimsdaluadflomaiiatuanndign (Most likely case)
Tnefimsanusinamsialuasenangunsaimandn vievuadunsdiiiagiaoue 1 i1 Saduruiagiai
Tomaietusnniian Tneflemaluniafietugan 20x10° adwled vide 1 a3 Tu 50,000 T (4P| 2008)

aglsAnnu Wl efasannisandusulunziaf diuinTui uiiwia susnguas i ud
UftRnuaulueninevesnguuien Yan.an. wuii liweiinnsdinisiilnavesdtinsifenauvilviin
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n593uAe sruunsnsRdumsAnmadug warseuundWnsruugnidu Piflerununansymui
afindu sdsniseonuuuerUsznauretlasw@Ed1enneg vedasinisd daudmnssy nsdaui
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maAnduenluynnsal (Jeenan 1X10°A5wel wiedeendt 1 AFaluia) 1,000 U)
4.52.6  MsATUTREAYURINANTENY
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1. igukEe ngfufiv NINEs (nsaladseign) Fireball/VEC 1.2X10* v Seusdsiumanvisededin v una
(@ 26 1) MINgs (nsaladrievian) Jet Fire/VEC 1.2X10* v s U AN Vs olded e v Yunans
fesssuamal | NI (nsdlanireiign) Jet Fire/VEC 1.2X10 v Hreusdiumanwitodetin v Uunang
(PRLALEM) MINEs (nsahadrieign) Pool Fire/VEC 1.2x10* v Feusdisiuanvisedetio v Uunan
5T nangs (nsaladienan) Fireball/VEC 1.2X10 v Hreusdiumanwitodetin v Uunang
NINEa (nsehadseign) Jet Fire/VEC 1.2x10* 4 Feusdsiumanvisededin v una
2. fauenEnU sy gunsalusnvin (hslianieiian) Fireball/VEC 6.0x10” v eussisiuanvisedetis v Uunan
(Separator) \An337 vm 110 Jet Fire/VEC 2.0x10° v Feusdsiunanvisededio v Uunans
(@ 1.07 3. x3.1 31) (nsalnsenudlunsiing sge)
fingessunimas | aunsalusniin (nsdlendeiige) Pool Fire/VEC 6.0x107 v s u AN YT olde N v una
(ARULALEY) A3 aun 110 Pool Fire/VEC 2.0x10° v Feusaisiuanwisedetin v dunang
(nseinfimnadlunsiingean)
53U gunsalusnvin (nsdlieniedan) Fireball/VEC 6.0x107 v Feusdu AN YTeldeIn v unan
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(nseinfimnadlunsiingean)
3. fatnifivdud ngiufiv gunsalusniin (nsdlienieran) Pool Fire/VEC 6.0x107 v s u AN YT oldeIn v una
Suveavan W33 aun 140 Pool Fire/VEC 2.0x10° v Feusdu AN YToldeIn v Uunans
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@117ux74y) | Messsmiman | gunsalupniin (nsdienioiae) Pool Fire/VEC 6.0x107 v s U AN mYTeldetin v una
(ARULALLEY) \Ang¥ aun 110 Pool Fire/VEC 2.0x10° v Ieussiuanwisedetin v dunans
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)
)
)

4) nsdlenefiaadmiumngslussninamsiane

298997n Handbook of Chemical hazard analysis procedures (Federal Emergency Management Agency, 1989)
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TERMS AND ABBREVIATIONS

API

American Petroleum Institute gravity. A measure of how heavy or light a petroleum liquid is
compared to water.

Bonn Agreement

An agreement for cooperation in dealing with pollution of the North Sea by oil and other harmful
substances, 1983, includes: Governments of the Kingdom of Belgium, the Kingdom of Denmark,
the French Republic, the Federal Republic of Germany, the Republic of Ireland, the Kingdom of
the Netherlands, the Kingdom of Norway, the Kingdom of Sweden, the United Kingdom of Great
Britain and Northern Ireland and the European Union.

CFSR

Climate Forecast System Reanalysis

Decay

The process where oil components are changed either chemically or biologically (biodegradation)
to another compound. It includes breakdown to simpler organic carbon compounds by bacteria
and other organisms, photo-oxidation by solar energy, and other chemical reactions.

Dynamic viscosity

The dynamic viscosity of a fluid expresses its resistance to shearing flows, where adjacent layers
move parallel to each other with different speeds.

Evaporation

The process whereby components of the oil mixture are transferred from the sea-surface to the
atmosphere as vapours

Pour Point

The pour point of a liquid is the temperature below which the liquid loses its flow characteristics

Sea surface
exposure

Contact by floating oil on the sea surface at concentrations equal to or exceeding defined
threshold concentrations. The consequence will vary depending on the threshold and the
receptors

Shoreline contact

Arrival of oil at or near shorelines at on-water concentrations equal to or exceeding defined
threshold concentrations. Shoreline contact is judged for floating oil arriving within a 2 km buffer
zone from any shoreline as a conservative measure

Single QOil spill
modelling

Oil spill modelling involving a computer simulation of a single hypothetical oil spill event subject to
a single sequence of wind, current and other sea conditions over time. Single oil spill modelling,
also referred to as “deterministic modelling” provides a simulation of one possible outcome of a
given spill scenario, subject to the metocean conditions that are imposed. Single oil spill modelling
is commonly used to consider the fate and effects of ‘worst-case’ oil spill scenarios that are
carefully selected in consideration of the nature and scale of the offshore petroleum activity and
the local environment (NOPSEMA, 2017). Because the outcomes of a single oil spill simulation
can only represent the outcome of that scenario under one sequence of metocean conditions,
worst-case conditions are often identified from stochastic modelling. It is impossible to calculate
the likelihood of any outcome from a single oil spill simulation. Single oil spill modelling is
generally used for response planning, preparedness planning and for supporting oil spill response
operations in the event of an actual spill

Stochastic Oil spill
modelling

Stochastic oil spill modelling is created by overlaying and statistically analysing the outcomes of
many single oil-spill simulations of a defined spill scenario, where each simulation was subject to
a different sequence of metocean conditions, selected objectively (typically by random selection)
from a long sequence of historic conditions for the study area. Analysis of this larger set of
simulations provides a more accurate indication of the environment that maybe affected (EMBA)
and indicates which locations are more likely to be affected (as well as other statistics). Stochastic
oil spill modelling avoids biases that affect single oil spill modelling (due to the reliance on only
one possible sequence of conditions). However, when interpreting stochastic modelling, which is
based on a wide range of potential conditions that might happen to occur, it is essential to
understand that calculations will encompass a much larger area than could be affected in any
single spill event, where a more limited set of conditions will occur. Consequently, it is misleading
to imply that the region derived from stochastic modelling indicate the outcomes expected from a
single spill event (NOPSEMA, 2017) Stochastic modelling is generally used for risk assessment
and preparedness planning by indicating locations that could be exposed and may require
response or subsequent impact assessment

TOPEX/Poseidon

A joint satellite mission between NASA and CNES to map ocean surface topography using an
array of satellites equipped with detailed altimeters
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SUMMARY

Background

PTTEP Energy Development Co., Ltd. (PTTEP ED) is the operator of Block G1/65 in the Gulf of Thailand
and plans to carry out exploration drilling activities within the block. To support the preparation of the
Environmental Impact Assessment (EIA), an oil spill modelling study was commissioned, which considered
the following spill scenario:

e Scenario 1 —a 14,220 bbl (2,260.8 m3) release of crude oil over 18 days (790 bopd), to represent a
surface loss of well control at E10 well.

The study presents the floating oil exposure to the sea surface and oil accumulation on shorelines during the
four distinct seasons; (i) northeast monsoon (November to the following February), (ii) southeast monsoon
(March and April), (iii) southwest monsoon (May to September) and (iv) northwest monsoon (October).

Note that the modelling does not take into consideration any of the spill prevention, mitigation and response
capabilities that may be propose to have in place during response operations to reduce volumes and/or
prevent hydrocarbons from reaching sensitive areas.

Methodology

The modelling study was carried out in several stages. Firstly, a 10-year (2014—-2023 inclusive) wind and
currents dataset was developed. Secondly, the wind data, current data and oil characteristics were input into
the oil spill model. One hundred spill simulations were run for each season had the same information
(release location, spill volume, duration and oil properties) but randomly varying start times. This ensured
that each spill simulation was subjected to varying wind and current conditions.

To assess the potential for floating oil exposure on the sea surface, the low threshold was set to 0.5 g/m?,
which equates approximately to an average thickness of ~0.5 um (0.0005 mm). Oil of this thickness is
described as rainbow sheen in appearance. A low threshold of 10 g/m?2 was applied for oil accumulating on
the shorelines. The thresholds are considered below levels which would cause environmental harm and are
more indicative of the areas perceived to be affected due to visible oil and potential to trigger temporary
closures of areas (i.e. fishing grounds, beaches, etc.) as a precautionary measure.

Oil Properties

PTTEP ED provided detailed information on G1/65 crude oil, which was used as input for the assessed
scenario The crude oil has a density of approximately 834 kg/m? (APl 38.1), kinematic viscosity of 4.69 cSt
(at 40°C), a wax content of 12.3 % and a pour point of 15.4°C. These properties classify it as a Group 2 oil
according to the International Tanker Owners Pollution Federation classification scheme (ITOPF, 2014).

The boiling point ranges of crude indicate that 59.0% will evaporate when on the water surface and the
remaining 41.0% of residual components will not evaporate, although will decay slowly over time.
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Results

The direction of spills was observed to vary significantly depending on the season. For instance, during the
northeast monsoon conditions, spills tended to move predominantly west and northwest towards the
Thailand coastline. In contrast, southeast monsoon conditions saw spills primarily traveling north from the
release location, with some spills predicted to travel northwest towards the Thai islands of Ko Samui and Ko
Pha-ngan, as well as east-northeast into Cambodian waters. Southwest monsoon conditions resulted in
spills mostly following the east-west axis, tracking east towards Cambodian waters and west towards the
Thai coastline. Lastly, during northwest monsoon conditions, spills were projected to predominantly travel
west towards the Thai coastline.

It should be noted that the results presented below are based on the low thresholds for floating oil exposure
(at or above 0.5 g/m?) and oil accumulating on the shorelines (at or above 10 g/m?).

Scenario 1: 14,220 bbl Surface Release

e Floating oil crossed the Cambodian Exclusive Economic Zone (EEZ) during the southeast and
southwest monsoons with probabilities of 11% and 12% respectively. It took a minimum of 9.54 days
and 9.75 days following the commencement of the spill for the oil to cross into Cambodian waters during
southeast and southwest monsoon conditions, respectively.

e  The probability of oil accumulation on any shoreline was lowest during southwest monsoon conditions at
14% and was highest during the northeast monsoon at 89%, meaning that 89 out of 100 simulations
were predicted to reach any given shoreline(s).

e  The minimum time before oil reaching the shorelines was 10.8 days during northeast monsoon
conditions.

e  The maximum volume of oil to reach the shoreline for a single simulation was 378.8 bbl (or ~2.7% of the
total spill volume) recorded during northwest monsoon conditions.

e Nakhon Si Thammarat shoreline recorded the highest probability of oil accumulation during the
northeast monsoon conditions with 24%, followed by Ko Phang an and Ko Samui with 21%.

e Under southeast monsoon conditions, Ko Tao shoreline recorded the highest probability of oil
accumulation with 15%.

e  During southwest monsoon conditions, the shoreline of Kao Kong in Cambodia, recorded the highest
probability of oil accumulation at 9%.

e  The shorelines with the greatest probabilities of accumulation during northwest monsoon conditions
were Ko Samui (23%) and Ko Phang an (11%).
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1 INTRODUCTION

PTTEP Energy Development Co., Ltd. (PTTEP ED) is the operator of Block G1/65 in the Gulf of Thailand
plans to carry out exploration drilling activities within the block. To support the Environmental Impact
Assessment (EIA) reporting, Sasomkwamdee Co Ltd on behalf of PTTEP ED, has commissioned RPS to
conduct an oil spill modelling study, which considered the following spill scenario:

e Scenario 1 —a 14,220 bbl (2,260.8 m3) release of crude oil over 18 days (790 bopd), to represent a
surface loss of well control at E10 well.

The coordinates of the E10 well | presented in Table 1.1 and illustrated in Figure 1.1.

The study presents the floating oil exposure to the sea surface and oil accumulation on shorelines during the
four distinct seasons; (i) northeast monsoon (November to the following February), (ii) southeast monsoon
(March and April), (iii) southwest monsoon (May to September) and (iv) northwest monsoon (October).

The spill modelling was performed using an advanced three-dimensional trajectory and fates model; Spill
Impact Model Application Package (SIMAP). The SIMAP model calculates the transport, spreading,
entrainment and evaporation of spilled hydrocarbons over time, based on the prevailing wind and current
conditions and the physical and chemical properties. The modelling does not take into consideration any of
the spill prevention, mitigation and response capabilities that would be implemented in response to the spill.

The hydrocarbon spill model, the method and analysis applied herein use modelling algorithms which have
been peer reviewed and published in international journals. Further, RPS warrants that this work meets and
exceeds the American Society for Testing and Materials (ASTM) Standard F2067-22 “Standard Practice for
Development and Use of Oil Spill Trajectory Models”.

Table 1.1 Coordinates of the release location for the G1/65 exploration campaign oil spill modelling
study.

Well Latitude Longitude Water depth (m)

E10 9° 25'40.9" N 100° 59'52.2" E 65

The WGS84 Geographic projection is used throughout the report
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Figure 1.1 Map of the release location for Block G1/65 exploration oil spill modelling study.
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2

SCOPE OF WORK

The scope of work for the modelling study included the following components:

1.

A ten-year (2014 — 2023, inclusive) database of historic wind and current data was generated for the
Gulf of Thailand, using a validated ocean/coastal model, HYDROMAP;

The fate and transport of the oil spills were simulated using a three-dimensional oil spill model (SIMAP).
Input into the model included winds, currents, oil characteristics, ambient water temperature and salinity
data;

Stochastic modelling was carried out for four distinct seasons, which involved running 100 single oil
spills for each season (or a total of 400 simulations for the entire study). Each simulation has the same
information (i.e. release location, volume, duration and oil properties) but with varied start dates and
times to ensure a range of wind and current conditions were assessed;

Results from the 100 spill simulations per season were combined to determine the probability of
exposure to the sea surface and shorelines (for a defined low, moderate and high threshold);

The potential for floating oil to cross neighbouring Exclusive Economic Zones (EEZs) was examined for
each season based on the low threshold.

The results for all 400 simulations were reviewed and the “worst case” spill simulation that resulted in
the highest volume ashore is presented.
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3 REGIONAL CURRENTS - GULF OF THAILAND

3.1 Tidal Currents - HYDROMAP

Three dimensional currents for the study region were generated using RPS’s advanced ocean/coastal
model, HYDROMAP. The HYDROMAP model has been thoroughly tested and verified through field
measurements throughout the world over the past 30 years (Isaji and Spaulding 1984; Isaji et al. 2001; Zigic
et al. 2003). In fact, the HYDROMAP tidal current data has been used as input to forecast (in the future) and
hind cast (in the past) oil spills by the Pollution Control. Department (PCD) and Chulalongkorn University
(Thailand). Furthermore, the circulation data used by the PCD since 2003 has been validated as part of the
Thai Resources and Environment Management Institute (TREMI) managed Southern Land Bridge
Development Project.

The HYDROMAP model employs a sophisticated sub-gridding strategy, which supports up to six levels of
spatial resolution, halving the grid cell size as each level of resolution is employed. The sub-gridding allows
for higher resolution of currents within areas of greater bathymetric and coastline complexity, and/or of
particular interest to a study.

To simulate the water circulation over any area of interest, the model requires the following input data:

1. The amplitude and phase of the important tidal constituents, which are used to calculate water heights
over time at the open boundaries of the model domain;

2. Bathymetry for the area; and
3.  Wind data to define the wind shear at the sea surface.

The numerical solution methodology follows that of Davies (1977a, 1977b) with further developments for
model efficiency by Owen (1980) and Gordon (1982). A more detailed presentation of the model can be
found in Isaji and Spaulding (1984).

3.1.1 Ocean Boundary Data

The tides at the entrance to the Gulf are mixed semi-diurnal (two high tides per day), with a clear spring-
neap tidal cycle. The dominant tidal components in the Gulf are the Sz, M2, K1, and Oz constituents
(Wolanski et al. 1994). To account for the tidal forcing, the eight largest constituents (K2, Sz, M2, N2, Kz, P1,
01 and Q1) were selected. These are the same constituents as used by Yaiprasert et al. (2005) in a study of
the tides within the Gulf. Typically, these are the constituents specified in advanced hydrodynamic modelling
applications, as they encompass a significant portion of the tidal signal and can accurately re-create the
water levels and currents within the model domain (Militello and Zundel 1999). Previous published modelling
studies for the region by Cai et al. (2003) used only 4 tidal constituents. Employing twice as many tidal
constituents greatly enhances the accuracy of the model predictions.

The tidal forcing along the ocean boundaries of the large grid was extracted from the Topex Poseidon global
tidal database (TPX07.1; source: Oregon State University). The data is derived from long-term
measurements taken by the Topex-Poseidon satellites since October 1992. The data has a resolution of
0.25 degrees (465 m) globally and is produced and quality controlled by NASA (National Aeronautics and
Space Administration; NASA 2013a, 2013b). The satellites measured oceanic surface elevations (and the
resultant tides) for over 13 years (1992 - 2005), during which they had carried out 62,000 orbits of the planet.
The satellites were equipped with two highly accurate altimeters, capable of taking sea level measurements
accurate to less than + 1 cm. The Topex-Poseidon tidal data has been widely used amongst the
oceanographic community, being cited in more than 2,100 research publications (e.g. Andersen 1995;
Ludicone et al. 1998; Matsumoto et al. 2000; Kostianoy et al. 2003; Yaremchuk and Tangdong 2004; Vikebo
et al. 2005; Qiu and Chen 2010) and is the same dataset used by Yaiprasert et al. (2005) and Zu et al.
(2008) to simulate the tidal influences in the Gulf of Thailand. As such the Topex/Poseidon tidal data is
considered suitably accurate for this study.
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3.1.2 Grid Setup

As the Topex-Poseidon database is more accurate in deeper waters (greater than 100 m), it was necessary
to employ a nested-grid modelling scheme. Essentially, a larger hydrodynamic grid (see Figure 3.1) was
initially setup and run to provide ocean boundary data for a small high resolution grid (Figure 3.2). This is a
common hydrodynamic modelling approach to overcome the aforementioned depth restriction (Ye and
Robinson 1983; Fang et al. 1999).

The larger grid extended over the Gulf of Thailand, Andaman Sea, Malacca Strait, South China Sea, Java
Sea and Makassar Strait. The larger hydrodynamic grid was setup with a coarse resolution ranging from
25 km at the outer regions of the model grid to 1.5 km near the Gulf of Thailand coastline.

The high resolution local grid consisted of 17,599 active computational water cells (Figure 3.2). The domain
was subdivided horizontally into a grid with three levels of resolution. The resolution of the base cell was set
at 9 km, which was reduced down to 2.25 km, to resolve detailed circulation and important coastal and island
features.

A combination of datasets was used to describe the shape of the seabed within the high resolution grid. For
the Gulf, spot depths and contours were digitised from the highly resolved nautical charts released by the
Thai Hydrographic Office (February 2009). The data is the most accurate available. Depths for the South
China Sea were extracted from the SRTM30_PLUS dataset (Shuttle Radar Topography Mission), which
provides a 30-arc second, or approximately 1 km, resolution. For more information regarding the SRTM
dataset readers are referred Becker et al. (2009). The datasets were interpolated spatially to form a
seamless, highly accurate representation of the depths within the Gulf of Thailand (see Figure 3.3).
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Figure 3.1 Extent of the larger hydrodynamic grid initially setup and runt to provide ocean boundary
data for the smaller higher resolution grid within the Gulf of Thailand.
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3.2 HYDROMAP Validation

The following sections provide a summary of an extensive study, which compared the accuracy of the
modelling results to surface elevations and current data measured within the Gulf. Full details of the
validation study are provided in APASA (2009).

3.2.1 Measured Surface Elevation

The first stage of the process involved calibrating and validating the model using year-long (2007) measured
surface elevation data at 10 stations ((i) Laem Ngop, (ii) Prasae, (iii) Rayong, (iv) Ban Laem, (v) Ko Lak, (vi)
Lang Suan, (vii) Ko Samui, (viii) Sichon, (ix) Pattani and (x) Narathiwat) supplied by the Thai Hydrographic
Department and Marine Department (see Figure 3.4).

The model calibration process was carried out using measured water elevations at all nine sites during 15—
31st January 2007. The main objective was to ensure that the bathymetry, tidal constituents, winds and
bottom friction selected compared well with measured data. Note the wind data used to describe the shear
upon the sea surface was sourced from the National Centres for Environmental Predictions (NCEP)
Environmental Modelling Centre.

Calibration between the measured and modelled surface elevations was achieved by varying the bottom
roughness. The testing showed that the standard Manning's bottom roughness coefficient of 0.025 best
represented the complex data.
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Figure 3.4 Location of the tide stations used for the HYDROMAP model validation
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Figure 3.5 shows a comparison between the modelled (predicted) and measured surface elevations for
January 2007, for 4 of the 10 stations: Ban Laem, Ko Lak, Ko Samui and Narathiwat stations. These four
stations were chosen to illustrate the model’s accuracy along the entire coastline. The APASA (2009) model
validation report provides a more comprehensive comparison for all nine stations. The graphs show that the
model accurately reproduced the magnitude (height) and timing of the tides (phase) during the 31 day period
at all stations. Thus, the data confirms that the model settings were accurately representing the propagation
of the tides as they travelled in and out of the Gulf.
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Figure 3.5 Comparison between the measured and predicted surface elevations, at Ban Laem, Koh
Lak, Koh Samui and Narathiwat during January 2007. Note larger tidal range at Ben
Laem.

The verification process involved comparing the model’s accuracy with measured surface elevation data
from all 10 stations for the entire year (2007). Therefore, HYDROMAP simulations were completed for
January to December 2007, coinciding with the period of measured data.

Figure 3.6 shows a comparison between the model predicted and measured surface elevations for February
2007, for Ban Laem, Koh Lak, Koh Samui and Narathiwat stations. Again, the four graphs show that the
model accurately reproduced the height and timing of the tides, even during sustained wind events during
which the tidal levels did not drop. This validates that the model is capable of replicating the change in
surface elevations, as a result of the combined effects of wind, tide and bottom friction drag.

To provide a statistical measure of the models performance, the Root Mean Square Error (RMSE) values
were calculated for each site and results for tidal stations at Ban Laem, Koh Lak, Koh Samui and Narathiwat
are shown below in Table 3.1. The RMSE values for all four sites were equal to or below the recommended
acceptable error criterion of 14% (Sousa and Dias 2007).
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Overall, this was an exceptional achievement of the model formulations, settings and input data, considering
the complexity of the water movement within the Gulf of Thailand the vast distances between the four
stations and that some of the stations are located adjacent to, or within estuaries.

Table 3.1  Statistical evaluation of the model performance using measured surface elevation data at
four tide stations (Ban Laem, Koh Lak, Koh Samui and Narathiwat) along the Thailand
coastline. Measured data was collected during February 2007.

Station Observed Range (m) Predicted Range (m) RMSE (m) RMSE (%)
Ban Laem 3.26 3.85 0.33 10
Koh Lak 2.19 1.84 0.18 8
Koh Samui 1.92 1.40 0.22 11
Narathiwat 1.46 1.53 0.19 14
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Figure 3.6 Comparison between measured and predicted February 2007 surface elevations, at Ban
Laem, Koh Lak, Koh Samui, Narathiwat.

3.2.2 Satun Platform Surface and Bottom Seasonal Current Validation

The second stage of the verification study involved comparing the model results to January, April and July
1998 (see Figure 3.7 to Figure 3.9) surface and bottom currents measured at the Satun production platform
(see Figure 3.4). The three selected months represent three identified seasons (northeast monsoon,
transitional and southwest monsoon, respectively) within the Gulf of Thailand.

The measured wind data collected at the Satun mooring was used as input into the model to describe the
wind shear upon the water surface. The main objective for this stage was to ensure that the model’s wind
shear factor and vertical eddy viscosity factor were accurately reproducing the 3D currents. It is important to
note that the vertical eddy viscosity is used to control the amount of vertical shear (resistance) between the
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layers in the water column in the 3D model (Kowalik and Murty 1993). The value for vertical shear was tested
between 10 cm?/s and 200 cm?/s against the Satun data and it revealed that the current speed and direction
was sensitive to this parameter. A relatively low value of 20 cm?/s provided the best agreement with the
measured data at both depths.

Figure 3.7 to Figure 3.9 shows a comparison between the measured and predicted surface and bottom
current speeds for each month. The model output showed very good agreement throughout the duration of
the simulations for each layer and month. The predicted bottom currents were only slightly weaker and less
variable than surface currents, which agreed with the measured data. For example, during the southwest
monsoon month (July) the measured surface current speeds reached a maximum of 0.35 m/s compared to
0.40 m/s for the predicted. The bottom maximum measured and predicted currents were 0.34 m/s and

0.33 m/s, respectively.

Figure 3.10 to Figure 3.12 shows the measured and predicted current speed along the east-west (E-W) and
north-south (N-S) axis for each month. By represented each axis as a time-series graphs it allows the reader
to view the variations in current speed according to direction and depth. Note currents towards the north and
east components are considered positive, while the southerly and westerly components are considered
negative.

During January (see Figure 3.10) the model results showed the majority of currents flowing towards the
north, representative of the anti-clockwise gyre present during the northeast monsoon. Predominantly,
southerly currents were predicted to occur through July (see Figure 3.12), an indicator of south-westerly
winds generating a clockwise gyre, which agrees with the measured current data. Occasionally, there were
instances where it was evident that surface and bottom currents flowed in opposite directions. For example,
on the 7t January, surface currents were measured flowing in a northerly direction, while bottom currents
flowed in a southerly direction, this was also represented by the model.
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Figure 3.7 Comparison between the measured and predicted surface current speeds (left panel) and
bottom current speeds (right panel) for January 1998 (representative of northeast
monsoon season). Data was measured at the Satun mooring.
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Figure 3.12 Comparison between the east-west (left panels) and north-south (right panels) axis

measured and predicted currents during July 1998 (representative of southwest
monsoon season). Surface currents shown in upper images and bottom currents shown
lower images. Note: north and east flows are positive axes.

Table 3.2 shows the statistical analysis between the model predictions and measured datasets. Statistically,
the RME values for each month were below or equal to the 30% recommended for model
calibration/validation purposes (McCutcheon et al. 1990).

Table 3.2  Statistical evaluation of the model predicted currents for January, April and July 1998,
representing the identified seasons for the GOT.
Month Depth of Maximum current Average current Root Mean Square Relative Error (%)
[Season] current speed (m/s) speed (m/s) Error (%)
meter
Measured Predicted Measured Predicted East North East North
west south west south
current  current  current  current
January Surface 0.47 0.42 0.20 0.16 12.79 29.40 9.92 25.95
[northeast
monsoon] Bottom 0.70 0.36 0.20 0.15 13.00 14.92 9.57 12.32
April Surface 0.30 0.35 0.12 0.12 18.32 21.54 12.71 15.35
[transitional
; Bottom 0.37 0.29 0.10 0.11 12.54 22.35 9.15 17.32
period]
July Surface 0.35 0.40 0.13 0.16 14.81 19.86 12.30 15.57
[southwest
monsoon] Bottom 0.34 0.33 0.11 0.14 30.13 37.24 26.12 30.99
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3.2.3 Satun Platform Surface and Bottom Long-term Current Validation

The third stage of the verification study involved comparing long-term model results (15t January 1999 to
1st June 1999 (approximately 150 days)) to surface and bottom currents measured at the Satun (mooring)
platform. Wind data collected at the platform was used as input into the model.

The main objective was to ensure the model was generating accurate 3D currents on a long-term basis.

Figure 3.13 shows a comparison of the predicted and measured surface and bottom current speeds. The
graphs show that during the 150 day deployment, the model was capable of reproducing the varying current
speeds very well at both depths. Figure 3.14 presents the current speeds as north-south and east-west
components at the two depths. The results highlight that the model reproduced accurately the change in
direction as a function of time.

Figure 3.15 shows a scatter plot of the two datasets at the surface and bottom layers. The images
demonstrate that the chosen model settings and input data (wind, tide and seabed drag) agree with the
natural dynamics for the middle of the Gulf of Thailand, including the north-westerly drift setup by the
northeast monsoon winds.

Table 3.3 shows a statistical comparison between the measured surface and bottom currents at the Satun
platform and model-predicted results. Statistically, the Relative Mean Error (RME) was on average below
15% for the surface layer and less than 10% for the bottom layer. All RME values were well below the value
of 30% recommended for model calibration/validation by McCutcheon et al. (1990). These results provide
further confirmation that the model is reproducing the currents within the Gulf of Thailand with a high degree
of accuracy.

Table 3.3  Statistical comparison between the measured surface and bottom currents at the Satun
production platform and model predicted results from 15t January 1999 to 15 June 1999.

Depth of Maximum current speed  Average current speed Root Mean Square Relative Error (%)
current (m/s) (m/s) Error (%)
meter ) -
Measured Predicted Measured Predicted @ East-West North- East- North-South
South West
Surface 0.80 1.04 0.26 0.18 14.8 14.0 18.2 16.5
Bottom 0.88 0.65 0.21 0.16 6.9 8.6 13.6 10.7
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Figure 3.13 Comparison between the surface (left panel) and bottom (right panel) measured and
predicted current speeds from the 1t January 1999 — 15t June 1999. The measured data
was collected at the Satun mooring.
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Figure 3.15 Scatter plots of the measured and predicted surface currents (left panel) and bottom
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3.3 Surface Currents at E10

Figure 3.16 shows screenshots of predicted flood and ebb surface tidal current vectors (or arrows) for the
Gulf of Thailand generated using HYDROMAP for the study. The spacing’s of the current vectors change
with the grid resolution between the coastal and offshore waters, with the highest resolution occurring along
the coastline. The colour of the vectors represent current speed (i.e. a yellow vector represents a speed of
0.3-0.4 m/s).

In general, the flood and ebb tides follow along the northwest to southeast axis at the release site and
throughout the Gulf of Thailand.
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Arrow colours represent the current speeds. Only every 2" current vector is displayed

tidal vectors (or arrows) vary with the grid resolution, particularly along the coastline.
for ease of viewing.

(lower image on 15" December 2010) for the Gulf of Thailand. Note the spacing of the

Figure 3.16 Screenshot of the predicted ebb tide (upper image on 17" December 2010) and flood tide
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4 WIND DATA

To account for the influence of the wind on the floating oil, wind data from 2014 to 2023 (inclusive) was
sourced from the National Centre for Environmental Prediction (NCEP) Climate Forecast System Reanalysis
(CFSR; see Saha et al., 2010). The CFSR wind model includes observations from many data sources;
surface observations, upper-atmosphere air balloon observations, aircraft observations and satellite
observations. The model is capable of accurately representing the interaction between the earth’s oceans,
land and atmosphere. The gridded wind data output is available at ¥ of a degree resolution (~33 km) and
1-hourly time intervals.

Figure 4.1 shows the spatial resolution of the wind field used as input into the oil spill model. Table 4.1
presents the monthly average and maximum winds derived from the CFSR wind node adjacent to the
release location.

Figure 4.2 and Figure 4.3 present the monthly and seasonal wind rose distributions (2014-2023 inclusive)
derived from the CFSR data for the wind node closest to the release location. The average and maximum
wind speeds were 8.9 knots and 46.9 knots, respectively.
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Figure 4.1 Image of the surrounding wind nodes used as input into the oil spill model. Note the
values describe the wind speed (knots) at that time-step.
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Table 4.1 Predicted average and maximum winds speeds adjacent to the release location. Based
on data from 2014-2023 (inclusive).

Average speed Maximum speed

Season Month General Direction (From)

(knots) (knots)
January 9.2 46.9 East
Northeast Monsoon
February 9.1 25.2 East-southeast
March 1.7 22.1 Southeast
Southeast Monsoon
April 6.9 33.2 Southeast
May 7.5 24.3 West
June 8.2 26.2 West-southwest
Southwest Monsoon July 10.2 29.0 West-southwest
August 10.0 27.6 West-southwest
September 10.0 28.8 West
Northwest Monsoon October 8.4 24.1 West
November 9.4 30.6 East-northeast
Northeast Monsoon
December 11.1 28.2 Northeast
Minimum 6.9 22.1
Maximum 11.1 46.9
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RPS Data Set Analysis
Wind Speed (knots) and Direction Rose (All Records)

Longitude = 100.99°E, Latitude = 9.43°N
Analysis Period: 01-Jan-2014 to 31-Dec-2023
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Figure 4.2 Monthly wind rose distributions adjacent to the release location, derived from the 2014 to
2023 modelled dataset.
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RPS Data Set Analysis
Wind Speed (knots) and Direction Rose (All Records)

Longitude = 100.99°E, Latitude = 9.43°N
Analysis Period: 01-Jan-2014 to 31-Dec-2023
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Figure 4.3 Seasonal wind rose distributions adjacent to the release location, derived from the 2014

to 2023 modelled dataset.
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5 WATER TEMPERATURE AND SALINITY

The monthly sea temperature and salinity profiles of the water column near the release location was
obtained from the World Ocean Atlas 2018 database produced by the National Oceanographic Data Centre
(National Oceanic and Atmospheric Administration) and its co-located World Data Service for Oceanography
(formerly the World Data Center for Oceanography) (see Levitus et al. 2013). The data are used to inform
the weathering, movement and evaporative loss of hydrocarbon spills in the surface and subsurface layers.

Table 5.1 shows the monthly average sea surface temperatures ranged from 27.4°C (December) to 30.3°C
(May), while surface salinity values ranged between 30.4 PSU (December) and 32.6 PSU (September).

The monthly average sea temperature and salinity profiles are presented in Figure 5.1.

Table 5.1 Monthly averaged surface water temperature and salinity values in adjacent to the
release location.

Season Month Temperature (°C) Salinity (PSU)
Northeast Monsoon January 27.6 31.2
February 27.7 31.8
Southeast Monsoon March 28.3 31.7
April 30.2 325
Southwest Monsoon May 30.3 32.2
June 29.9 32.1
July 29.0 32.1
August 28.9 324
September 28.8 32.6
Northwest Monsoon October 284 32.1
Northeast Monsoon November 29.0 315
December 274 30.4
Minimum 27.4 30.4
Maximum 30.3 32.6

GOC350755 | PTTEP G1/65 Exploration Oil Spill Modelling | Rev0 | 09 April 2024
rpsgroup.com/mst Page 25



REPORT

January February March
31 32 33 31 32 33 31 32 33
0 0 0
10 10 10
E oo 20 20
=
@ 30 30 30
[m]
40 40 40
50 50 50
27 28 29 30 3 27 28 29 30 AN 27 28 29 30 31
April May June
31 32 33 31 32 33 31 32 33
0 0 0
10 10 10
E 2o 20 20
=
éiao 30 30
40 40 40
50 50 50
27 28 29 30 31 27 28 29 30 31 27 28 29 30 31
July August September
31 32 33 31 32 33 3 32 33
0 0 0
10 10 10
E 20 20 20
=
o
&30 30 30
40 40 40
50 50 50
27 28 29 30 31 27 28 29 30 31 27 28 29 30 31
October November December
31 32 33 31 32 33 31 32 33
0 0 0
10 10 10
E 2 20 20
=
o
830 30 30
40 40 40
50 50 50

27 28 29 30 31 27 28 29 30 31 27 28 29 30 31

Temp (°C)
Salinity (PSU)

Figure 5.1 Monthly temperature (blue) and salinity (green) profiles throughout the water column
adjacent to the release location.
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6 OIL SPILL MODEL - SIMAP

The oil spill modelling was performed using SIMAP (Spill Impact Model Application Package). SIMAP is
designed to simulate the fate and effects of spilled hydrocarbons for surface or subsea releases (Spaulding
et al., 1994; French 1998; French et al., 1999; French-McCay, 2003; 2004).

SIMAP has been used to during and after major incidents including: Montara (Australia) well blowout August
2009 in the Timor Sea; Macondo (USA) well blowout April 2010 in the Gulf of Mexico; Bohai Bay (China) oil
spill August 2011; and the pipeline oil spill July 2013 in the Gulf of Thailand.

The SIMAP model calculates the transport, spreading, entrainment, evaporation and decay of surface
hydrocarbon slicks as well as the entrained and dissolved oil components in the water column, either from
surface slicks or from oil discharged subsea. The movement and weathering of the spilled oil is calculated for
specific oil types. Input specifications for oil mixtures include the density, viscosity, pour point, distillation
curve (volume lost versus temperature) and the aromatic/aliphatic component ratios within given boiling point
ranges.

The SIMAP model separately calculates the movement of the material that: (i) is on the water surface (as
surface slicks, (i) in the water column (as either entrained whole oil droplets or dissolved hydrocarbon), (iii)
has stranded on shorelines, or (iv) that has precipitated out of the water column onto the seabed. The model
calculates the transport of surface slicks from the combined forces exerted by surface currents and wind
acting on the oil. Transport of entrained oil (oil that is below the water surface) is calculated using the
currents only.

It should be noted the SIMAP is the advance oil spill system of OILMAP, which is used by the Pollution
Control Department and Royal Thai Navy. SIMAP was chosen for this study due to the additional
functionality and ability to process the results in more detail.

6.1 Stochastic Modelling

Stochastic oil spill modelling is created by overlaying a great number (often hundreds) of individual, computer-
simulated hypothetical spills (NOPSEMA, 2018; Figure 6.1).

Stochastic modelling is a common means of assessing the potential risks from oil spills related to new
projects and facilities. Stochastic modelling typically utilises hydrodynamic data for the location in
combination with historic wind data. Typically, 100 simulations are run, which sufficiently samples the historic
dataset that is most relevant to the season or timing of the project.

The outcomes are often presented as a probability of exposure and are primarily used for risk assessment
purposes in view to understand the range of environments that may be affected or impacted by a spill.
Elements of the stochastic modelling can also be used in oil spill preparedness and planning.

As part of this study, 100 spills were simulated for each season. Each run had the same spill information
(location, volume, duration and oil properties) but randomly differing spill commence dates. This ensured that
each spill simulation was subjected to unique wind and current conditions. During each simulation, the model
records whether any grid cells were exposed to oil, the concentrations involved and the elapsed time before
exposure. Once all 100 spill simulations were complete the following results were analysed for every grid cell
from all 100 simulations

e  Concentrations of floating oil on the sea surface and shoreline accumulation;
e  Minimum time before exposure;

e  Probability of exposure for defined thresholds; and

e  Volume of oil that may strand on shorelines from any simulation.
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Figure 6.1 Example predicted movement of four single oil spill simulations predicted by SIMAP for

the same scenario with varying start times (left image). All model runs are overlain (right
image) to determine the stochastic based model results (NOPSEMA, 2018).

6.2 Thresholds

The oil spill model (SIMAP) can track hydrocarbons to very low levels that may not be ecologically significant
and/or of little relevance to response capabilities. As such, reporting thresholds for floating oil exposure and
oil accumulation on shorelines were carefully selected for describing the model-predicted outcomes and are

presented in Table 6.1.

Floating oil exposure and oil accumulation on shorelines thresholds.

Threshold
levels (g/m?)

Description

Table 6.1
Compartment Exposure zone
Low exposure
Floating oil

Moderate exposure

High exposure

0.5-10

10-50

> 50

Oil of this thickness is described as rainbow sheen in
appearance (Bonn Agreement, 2009, see Figure 6.2). Itis
considered the practical limit of observing oil in the marine
environment (AMSA, 2015). It is below levels which would
cause environmental harm and it is more indicative of the

areas perceived to be affected due to its visibility on the sea
surface and potential to trigger temporary closures of areas

(i.e. fishing grounds) as a precautionary measure. Oil
presence is equivalent to ¥4 teaspoon to 2 teaspoons of oil

every 1 m?

Described as a metallic sheen and at this level, fresh oiling
has been observed to mortally impact some birds through
adhesion of oil to their feathers, exposing them to secondary
effects such as loss of temperature regulation (French et al.,
1996; French-McCay, 2009)). May be thick enough for
containment and recovery as well as dispersant treatment
(AMSA, 2023). Oil presence is equivalent to 2 teaspoons to
under 2 tablespoons of oil every 1 m?

Described as metallic sheen (Bonn Agreement, 2009) and oil
concentrations on the sea surface of 25 g/m? (or greater),
would be harmful for all birds that have landed in an oil film
due to potential contamination of their feathers, with
secondary effects such as loss of temperature regulation and
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ingestion of oil through preening (Scholten et al. (1996) and
Koops et al. (2004)). This threshold can also be used to inform
response planning, such as containment and recovery. Oil
presence is equivalent to > 2 tablespoon of oil every 1 m?
May trigger socio-economic impact, such as temporary closures
of beaches to recreation or fishing, or closure of commercial
fisheries and might trigger attempts for shore clean-up on
Low exposure 10 g/m? beaches or man-made features/amenities (breakwaters, jetties,
marinas, etc.). Equates to 2 tsp to % cup of oil every 1 m? of
shoreline. The appearance is described as a flim/stain.

Predicts the area likely to require clean-up effort. French et al.
(1996) and French-McCay (2009) define a shoreline oil
threshold of 100 g/m?, or above, as having potentially harm to
shorebirds and wildlife (furbearing aquatic mammals and

Moderate exposure 100 g/m?  marine reptiles on or along the shore) based on sub-lethal and
lethal impact studies. Equates to ~ ¥2 cup to >4 % cups of oil
every 1 m?shoreline contacted. The appearance is described
as a thin oil coat.

Shoreline
accumulation

Predicts the area likely to require intensive clean-up effort.
Observations by Lin and Mendelssohn (1996) demonstrated
that loadings of more than 1,000 g/m? of oil during the growing
season would be required to impact marsh plants significantly.
Similar thresholds have been found in studies assessing oil
impacts on mangroves (Grant et al., 1993; Suprayogi & Murray,
1999). This concentration equates to >4 %4 cups of oil every 1
mZ of shoreline contacted. The appearance is described as an
oil cover.

High exposure 1,000 g/m?

Silver Rainbow Brown Black Brown/Orange
>0.0001 mm >0.0003 mm >0.1 mm >1 mm
0.1m3/km? 0.3m3/km? 100m3/km? 1000m3/km?

Figure 6.2 Photograph showing the difference between oil appearance on the sea surface (source:
Oil Spill Solutions, 2015).
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7 OIL PROPERTIES

PTTEP ED provided detailed information on the G1/65 crude oil, which was used as input for the assessed
scenario. The crude oil has a density of approximately 834 kg/m? (API 38.1), kinematic viscosity of 4.69 cSt
(at 40°C), a wax content of 12.3 % and a pour point of 15.4°C (Table 7.1). These properties classify it as a
Group 2 oil according to the International Tanker Owners Pollution Federation classification scheme (ITOPF,
2014).

The boiling point ranges of crude indicate that 59.0% will evaporate when on the water surface and the

remaining 41.0% of residual components will not evaporate although will decay slowly over time (refer Table
7.2).

Table 7.1  Physical properties for the G1/65 crude oil used in this study.

Properties G1/65 Crude Qil
Density (kg/m3) 834

API 38.1
Kinematic viscosity (cSt) 4.69 (at 40°C)
Wax content (%) 12.3

Pour point (°C) 15.0

Oil Property Category Group 2

Table 7.2 Boiling point ranges for the crude oil used in this study.

Characteristic Volatiles (%) Semi-volatiles (%) Low Volatiles (%) Residual (%)
Boiling point (°C) <180 180-265 265-380 >380
Non-persistent Persistent
G1/65 crude oil 27.2 12.5 19.3 41.0

Figure 7.1 shows the predicted weathering and fates graphs for an example simulation during southwest
monsoon wind and current conditions. The graph illustrates the predicted fate as a function of volume. Note
that no oil was predicted to reach the shorelines for the example weathering simulation.

GOC350755 | PTTEP G1/65 Exploration Oil Spill Modelling | Rev0 | 09 April 2024
rpsgroup.com/mst Page 30



REPORT

Time-series of Oil Weathering
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Figure 7.1 Example weathering and fates graph for the G1/65 crude oil during southwest monsoon
conditions (Run 15).
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8 PLACES OF INTEREST

Oil accumulation on shorelines sectors were individually assessed for provinces and islands, which are
shown in Figure 8.1. Additionally, the study examined the potential for floating oil to cross EEZ for each
season. The EEZ boundaries were based on data defined by Flanders Marine Institute (2018).

GOC350755 | PTTEP G1/65 Exploration Oil Spill Modelling | Rev0 | 09 April 2024
rpsgroup.com/mst Page 32



REPORT

@p Khiri KhanMu Ko Chang Island Group 3
Ko Rang®,
K

Ko Chumphon Island Group
‘(o Tao

‘o Phangan

Samui
ipelago Katen

Ko Kra

0

Y

Legend
{3 Exclusive Economic Zone

50 100 150 200 km

Receptor Map - Shoreline Shoreline B Kaoh Kong [ Ko Man Island Group B Ko Thalu ) @ Rayong
[@ Archipelago Katen M Kep @ Ko Phangan D Krong Preah Sihanouk
M Bangkok Metropolis B Ko Chan [ Ko Rang [ Mekong River Delta

[@ Samut Prakan
@ Samut Sakhon

@ Chachoengsao E Ko &hram Yai E Ko Samae San Group m Ko éug Thong Island Group = gamut Songkhram
B Chanthaburi Ko Kra Ko Samet Ko Chang Island Group ongkhla
F g:? rdln;:/esssy?;sn; GCS WGS 1984 @ Chon Buri B Ko Kradat 0 Ko Samui @ Mu Ko Chumphon Island Group @ Sural Thani
rp el @ Chumphon @Ko KuDee [JKo Sichang [ Nakhon Si Thammatat
wd Unke Degras @ Islands Around Pattaya l KoKt BKoTalu O Phetchaburi
Date created: 12/20/2019 [0 Kampot Ko Mak B Ko Tao [0 Prachuap Khiri Khan

Figure 8.1 Map of the shoreline sectors assessed for oil accumulation.
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9 MODEL SETTINGS

Table 9.1 provides a summary of the oil spill model settings.

The simulation length was carefully selected based on extensive sensitivity testing. During the sensitivity
testing process, sample spill simulations were run for longer than intended durations. Upon completion of the
spill simulations, the results were carefully assessed to examine the persistence of the crude (i.e. whether
the maximum evaporative loss had been achieved for the period modelled; and whether a substantial
volume of hydrocarbons remain in the water column (if any) in conjunction with the extent of floating oil
exposure based on reporting thresholds. Once there was agreement between the two factors (i.e. the final
fate of hydrocarbon is accounted for, and the full exposure area is identified) the simulation length was

deemed appropriate.

Table 9.1 Summary of the oil spill model settings used in this assessment

Data Input Parameters

Details

Scenario description

Number of randomly selected spill start times per
season

Release type

Hydrocarbon type

Total volume released and release duration
Flow rate

Simulation length (days)

Seasons assessed

Floating oil thresholds

Oil accumulation on shorelines

Loss of well control at E10

400 total (100 per season)

Surface

Crude oil
14,220 bbl over 18 days
790 bopd
35

Northeast monsoon (November to the following February)
Southeast monsoon (March and April), Southwest monsoon (May
to September) Northwest monsoon (October)

0.5 g/m?, low exposure
10 g/m?, moderate exposure
50 g/m?, high exposure
10 g/m?, low exposure
100 g/m?, moderate exposure
1,000 g/m?, high exposure

GOC350755 | PTTEP G1/65 Exploration Oil Spill Modelling | Rev0 | 09 April 2024

rpsgroup.com/mst

Page 34



REPORT

10 PRESENTATION AND INTERPRETATION OF MODEL
RESULTS

The results from the modelling study are presented in several tables and figures, which aim to provide an
understanding of both the predicted floating oil exposure and oil ashore for each season.

10.1 Single Spill Analysis
All 400 simulations were reviewed and the “worst case” single spill simulation that resulted in the highest
volume ashore was identified and presented in Sections 11.1.

Figures illustrating the oil exposure on the sea surface and shoreline contact at several intervals following the
spill commencement, along with commentary regarding the movement is presented. The corresponding
weathering and fates graph is also presented.

10.2 Stochastic Analysis

If readers are not fully familiar with how to interpret stochastic modelling outputs, please refer to the relevant
NOPSEMA factsheet (NOPSEMA, 2018) before reading this report section.

Predictions for the probability of contact and time to contact by oil concentrations equalling or exceeding
defined thresholds for floating and shoreline oil are provided in the following sections to summarise the results
of the seasonal stochastic modelling.

The stochastic results are calculated and presented as follows:

e Maximum distance travelled— is determined by recording the maximum distance travelled by a single
trajectory, within a scenario, from the release location to the identified exposure thresholds.

e Predicted zones of potential exposure — maps of floating oil exposure, shoreline oil accumulation,
entrained oil and dissolved hydrocarbons exposure were generated based on the following thresholds:

—  Floating oil — 0.5 -10 g/m? (Low), 10-50 g/m? (Moderate) and =250 g/m? (High).
—  Shoreline oil accumulation — 10-100 g/m? (Low), 100-1,000 g/m? (Moderate) and 21,000 g/m? (High).

e Theprobability of oil exposure on the sea surface or shorelines — is calculated by dividing the number
of spill simulations passing over a given grid cell at a given reporting threshold, divided by the total number
of simulations.

e The minimum time before oil exposure on the sea surface or shorelines — is determined by ranking
the elapsed time before sea surface exposure, entrained oil exposure or shoreline accumulation (at a
given reporting threshold) to a given location/grid cell for each of the spill simulations.

e The maximum local accumulated concentration averaged over all replicate spills — the greatest
concentration calculated for any point on the shoreline after averaging over all replicate simulations.

e The maximum local accumulated concentration in the worst replicate spill — the greatest
accumulation predicted for any point on the shoreline during any replicate simulation, and thus represents
an extreme estimate.

e The average volume of oil ashore — is determined by averaging the volume of oil ashore across all
simulations predicted to make shoreline contact.

e The maximum volume of oil ashore in the worst replicate spill — the greatest volume of oil predicted
for any point on the shoreline during any replicate simulation, and thus represents an extreme estimate.

The mean and maximum shoreline concentrations indicate the concentrations forecast to potentially
accumulate over time on any discrete part of a shoreline, calculated for individual portions of 1 km in length.
Accumulated concentrations are calculated by summing the mass of oil that arrives at any concentration
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(including < threshold) over time at a model cell and subtracting any mass lost through evaporation and
washing off, where relevant.

Note that it is possible that oil films arriving at concentrations that are less than the threshold may accumulate
over the course of a spill event to result in concentrations that apparently exceed the threshold. Hence, the
mean expected, and maximum concentrations of accumulated oil can exceed the threshold applied to the
probability calculations for the arrival of floating oil even where no instantaneous exceedances above threshold
are predicted. It is important to understand that the two parameters (floating concentration and shoreline
concentration) are quite distinct, calculated in different ways and representative of alternative outcomes. The
floating probability estimates, and the shoreline accumulative estimates should therefore be treated as
independent estimators of different exposure outcomes, and not directly compared.

Readers should note that the contour maps presented in the stochastic modelling results, do not represent the
predicted coverage of any one hydrocarbon spill or a depiction of a slick or plume at any instant in time. Rather,
the contours are a composite of many theoretical slick paths, integrated over the full duration of the simulations
relevant to each scenario. The stochastic modelling contour maps should be treated as indications of the
probability of exposure at defined concentrations, for individual location, at some point in time after the defined
spill commences, given the trends and variations in metocean conditions that occur around the study area.

Locations with higher probability ratings were exposed during a greater number of spill simulations, indicating
that the combination of the prevailing wind and current conditions are more likely to result in contact to these
locations if the spill scenario were to occur in the future. The areas outside of the lowest-percentage contour
indicate that contact will be less likely under the range of prevailing conditions for this region than areas falling
within higher probability contours. It is important to note that the probabilities are derived from the samples of
data used in the modelling. Therefore, location that are not calculated to receive exposure at threshold
concentrations or greater in any of the replicate simulations might possibly be contacted if very unusual
conditions were to occur. Hence, we do not attribute a probability of nil to areas beyond the lowest probability
contour.
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11  MODELLING RESULTS

This scenario investigated the potential exposure to surrounding regions from a 14.220 bbl surface release
of crude oil over 18 days (790 bopd), to represent a hypothetical loss of well control at E10 well. The oil was
tracked for an additional 18 days to allow the concentrations to decrease below the minimum thresholds. The
modelling for this scenario assumed no mitigation efforts are undertaken to collect or otherwise affect the
natural transport and weathering.

Section 11.1 presents the deterministic analysis, while Section 11.2 presents the seasonal stochastic
analysis results.

11.1 Single Spill Simulation

11.1.1 Highest volume ashore

Amongst the 400 simulations, a spill simulation commencing during first intermonsoon conditions during
northwest monsoon conditions (run 71) starting at 12 pm 15™ October 2023 resulted in the highest volume of
oil ashore of 378.8 bbl.

Figure 11.1 to Figure 11.3 present the predicted movement of the oil spill and corresponding floating oil
exposure on the sea surface and shoreline accumulation at 1 and 5 days, 10 and 15 days, and 30 and 35
days after the initial release, respectively.

The oil spill initially travelled southeast from the release location, before changing direction towards the
southwest and accumulating on the Nakhoon Si Thammatat coastline approximately 28.5 days after the
initial release. The spill then continued further southwest, spreading across the coastline (see Figure 11.3).

Figure 11.4 shows the fates and weathering graph for the spill simulation. At the end of the 35 day spill
simulation, it is predicted that approximately 1,070 m3 (~6,729 bbl) evaporated, 798 (~ 5,022 bbl) entrained
and approximately 60 m?3 (~ 379 bbl) was on the shoreline. The remaining volume of ashore of 302 m3
(~1,900 bbl) was predicted to decay.
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Figure 11.1 Predicted movement of oil 1 day (top image) and 5 days (bottom image) after the initial
release (12 pm 15" October 2023) for the spill simulation recording the highest volume of
oil reaching shorelines from a surface loss of well control.
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Figure 11.2 Predicted movement of oil 10 days (top image) and 15 days (bottom image) after the
initial release (12 pm 15" October 2023) for the spill simulation recording the highest
volume of oil reaching shorelines from a surface loss of well control.
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Figure 11.3 Predicted movement of oil 30 days (top image) and 35 days (bottom image) after the
initial release (12 pm 15" October 2023) for the spill simulation recording the highest
volume of oil reaching shorelines from a surface loss of well control.
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Time-series of Oil Weathering

8,000 —
Surface
Entrained
7,000 H Dissolved
Evapaoration
= Ashore
Decay
6,000

5,000

4,000

Yolume (bbl)

3,000

2,000

1,000

Time in to simulation (days)

Figure 11.4 Predicted weathering and fates graph for the spill simulation recording the highest
volume of oil reaching shorelines from a surface loss of well control.
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11.2 Seasonal Stochastic Analysis

11.2.1 Floating Oil Exposure

Table 11.1 summarises the maximum distances from the release location to floating oil exposure zones for
each season. Concentrations of floating oil at, or above, the low threshold (1-10 g/m?) could extend up to
172 km, with the distance reducing to 19 km as the threshold increase to moderate (10-50 g/m?). No high
exposure (250 g/m?) was predicted during any season modelled.

Figure 11.5 to Figure 11.8 present the zones of floating oil exposure during each season.

The direction of spills was observed to vary significantly depending on the season. For instance, during the
northeast monsoon conditions, spills tended to move predominantly west and northwest towards the
Thailand coastline. In contrast, southeast monsoon conditions saw spills primarily traveling north from the
release location, with some spills predicted to travel northwest towards the Thai islands of Ko Samui and Ko
Phangan, as well as east-northeast into Cambodian waters. Southwest monsoon conditions resulted in spills
mostly following the east-west axis, tracking east towards Cambodian waters and west towards the Thai
coastline. Lastly, during northwest monsoon conditions, spills were projected to predominantly travel west
towards the Thai coastline.

Table 11.2 summarises the potential for floating oil to cross EEZs. During the southeast and southwest
monsoons, floating oil at or above the low threshold was predicted to cross into Cambodian waters with
probabilities of 11% and 12%, respectively. It took a minimum of 9.54 days and 9.75 days following the
commencement of the spill for the oil to cross into Cambodian waters during southeast and southwest
monsoon conditions, respectively.

Figure 11.9 to Figure 11.16 present probability maps of floating oil exposure for the low (0.5 g/m?) and
moderate (10 - 50 g/m?2) thresholds during each season. While, Figure 11.17 to Figure 11.24 present maps of
minimum times before floating oil exposure for each threshold during each season.

Table 11.1 Maximum distance and direction from the release location to floating oil exposure
thresholds following a surface loss of well control. The results were calculated from 100
spill simulations per season.

Season Distance and direction Floating oil exposure thresholds

1-10 g/m?(low) 10 - 50 g/m? 250 g/m? (high)

(moderate)
Max. distance from release site (km) 109 18 R
Northeast Monsoon

Direction Northwest Southeast -
Southeast Max. distance from release site (km) 172 19 -
monsoon Direction North North -
Southwest Max. distance from release site (km) 171 17 -
Monsoon Direction Northeast Southeast -
Northwest Max. distance from release site (km) 113 19 R
Monsoon Direction Southwest Southwest -
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Table 11.2 Potential for floating oil to cross Exclusive Economic Zones (EEZ) following a surface loss of well control. Results were calculated
from 100 spill simulations per season.

Exclusive Season Probability of floating oil exposure (%) Minimum time before floating oil exposure (days)
Economic Zone
! 1-10g/m?(low) 10 - 50 g/m? 250 g/m? (high) 1-10g/m?(low) 10 - 50 g/m? 250 g/m? (high)
(moderate) (moderate)
Northeast monsoon - - - - - -
. Southeast monsoon 11 - - 9.54 - -
Cambodia
Southwest monsoon 12 - - 9.75 - -

Northwest monsoon - - - - R

“-“: No contact predicted for specified threshold.
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Figure 11.5 Predicted floating oil exposure zones following a surface loss of well control.

commencing during northeast monsoon (November to February) conditions.

The results were calculated from 100 spill simulations
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Figure 11.6 Predicted floating oil exposure zones following a surface loss of well control.

commencing during southeast monsoon (March and April) conditions.

The results were calculated from 100 spill simulations
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Figure 11.7 Predicted floating oil exposure zones following a surface loss of well control.

commencing during southwest monsoon (May to September) conditions.

The results were calculated from 100 spill simulations
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Figure 11.8 Predicted floating oil exposure zones following a surface loss of well
commencing during northwest monsoon (October) conditions.
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Figure 11.9 Probability map of floating oil exposure above the low threshold following a surface loss of well control. The results were calculated
from 100 spill simulations commencing during northeast monsoon (November to February) conditions.
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Figure 11.10 Probability map of floating oil exposure above the low threshold following a surface loss of well control. The results were calculated
from 100 spill simulations commencing during southeast monsoon (March and April) conditions.
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Figure 11.11 Probability map of floating oil exposure above the low threshold following a surface loss of well control. The results were calculated
from 100 spill simulations commencing during southwest monsoon (May to September) conditions.
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Figure 11.12 Probability map of floating oil exposure above the low threshold following a surface loss of well control. The results were calculated
from 100 spill simulations commencing during northwest monsoon (October) conditions.
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Figure 11.13 Probability map of floating oil exposure above the moderate threshold following a surface loss of well control. The results were
calculated from 100 spill simulations commencing during northeast monsoon (November to February) conditions.
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Figure 11.14 Probability map of floating oil exposure above the moderate threshold following a surface loss of well control. The results were
calculated from 100 spill simulations commencing during southeast monsoon (March and April) conditions.
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Figure 11.15 Probability map of floating oil exposure above the moderate threshold following a surface loss of well control. The results were
calculated from 100 spill simulations commencing during southwest monsoon (May to September) conditions.
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Figure 11.16 Probability map of floating oil exposure above the moderate threshold following a surface loss of well control. The results were
calculated from 100 spill simulations commencing during northwest monsoon (October) conditions.
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Figure 11.17 Map of minimum time before floating oil exposure on the sea surface above the low threshold, produced from 100 simulations
commencing during northeast monsoon (November to February) conditions.
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Figure 11.18 Map of minimum time before floating oil exposure on the sea surface above the low threshold, produced from 100 simulations

commencing during southeast monsoon (March and April) conditions.
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Figure 11.19 Map of minimum time before floating oil exposure on the sea surface above the low threshold, produced from 100 simulations
commencing during southwest monsoon (May to September) conditions.
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Figure 11.20 Map of minimum time before floating oil exposure on the sea surface above the low threshold, produced from 100 simulations
commencing during northwest monsoon (October) conditions.
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Figure 11.21 Map of minimum time before floating oil exposure on the sea surface above the moderate threshold, produced from 100 simulations
commencing during northeast monsoon (November to February) conditions.

GOC350755 | PTTEP G1/65 Exploration Oil Spill Modelling | RevO | 09 April 2024

rpsgroup.com/mst

Page 60



REPORT

§ 99°0’E 99°30E 100°0'E 100°30'E 101°0'E 101°30'E 102°0E 102°30E 103°0'E 103°30'E 104°0'E
o T T T T T T T T ¥ R
5 This map is an amalgamation of 100 fggjdmate System; GESWGS
Ban Nong Hin spill  simulations  with  different metocean Datum: WGS 1984
° conditions. This map is not representative Units: Degree Z
= K of one single spill simulation. Date created: 25/03/2024 =
1=} Thap Sakae
oF ° B
o, [ 0 600 1,200 km
= 2 %
Cambodia .
Southeast Monsoon
§ L .Ban flialbek || Minimum Time Before floating oil exposure on the
. Peam Kay Sea Surface
e ° above 10 g/m?
Pathiu Koh Rong Veal Renh
o
Kampong Saom ° Scenario: 14,220 bbl of crude over 18 days
z . ) Kampot
Qb Koh Rong Sanloem i
S Ban Hat Sai Ri Kaoh Prin iect:
= . 9 Project: GOC350755 Sasom PTTEP G1-65
Kaoh Tang P.hU Quoc Exploration OSM
Ko Tao
? °
g E .Lang Suan Koh Poulo Wai 4| Legend
— S @ Release Location
Ko Pha-ngan Exclusive Economic Zone
°
= Tha Chana
> L Ko Samui
or e «& : g
& ,Ban Na Bo J Tho Chu Island
e
°Kanchanadit Minimum Time Before Oil Exposure on the Sea Surface
= Surat Thani B <24 tiours
g r 11 B 1-2days
Thailand B 2-3days
M 3-5days
5-10 days
g B 10-20days
g Nakhon Si Thammarat B >20days
© Pak Phanang
z
of .Ban Bang Chak A
@
= Ban Phang Mai Phai ‘
Sl o 20 40 60 8 100km & i =’
Iy I .. ATETRA TECH COMPANY
| 1 1 1 1 1 1 1 1 1 1 1

Figure 11.22 Map of minimum time before floating oil exposure on the sea surface above the moderate threshold, produced from 100 simulations
commencing during southeast monsoon (March and April) conditions.
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Figure 11.23 Map of minimum time before floating oil exposure on the sea surface above the moderate threshold, produced from 100 simulations
commencing during southwest monsoon (May to September) conditions.
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Figure 11.24 Map of minimum time before floating oil exposure on the sea surface above the moderate threshold, produced from 100 simulations
commencing during northwest monsoon (October) conditions.
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11.2.2 Oil Accumulation on Shorelines

Table 11.3 presents a summary of predicted oil accumulation on any given shoreline at, or above, the low
threshold (>10 g/m?) during each season.

The probability of oil accumulation on shorelines was lowest during southwest monsoon conditions at 14%
and was highest during the northeast monsoon at 89%, meaning that 89 out of 100 simulations were
predicted to reach any given shoreline(s). The quickest time for a spill simulation to reach the shoreline was
10.8 days (northeast monsoon). The maximum volume of oil to reach the shorelines from a single spill was
378.8 bbl (or ~2.7% of the total spill volume) during the northwest monsoon.

Table 11.4 presents a summary of oil accumulation on individual shoreline receptors.

During northeast monsoon conditions, the highest probabilities of oil accumulation (at or above the low
threshold of 10 g/m?) was forecast for Nakhon Si Thammarat (24%) as well as Ko Phangan and Ko Samui
(21%) shorelines. The quickest time before oil accumulation was 10.8 days at Ko Phangan. No oil was
predicted to reach the Cambodian shorelines under northeast monsoon conditions.

For the southeast monsoon conditions, Ko Tao recorded the highest probability of oil accumulation at 15%
followed by Ko Phangan at 11% accumulation (at or above the low threshold of 10 g/m?). The minimum
times before an oil spill reached Ko Tao and Ko Phangan were 14.4 days and 16 days, respectively. No oil
was predicted to reach the Cambodian shorelines under northeast monsoon conditions.

During southwest monsoon conditions, the Kaoh Kong shoreline of Cambodia, recorded the highest
probability of oil accumulation at 9% accumulation (at or above the low threshold of 10 g/m2). The minimum
time before oil accumulation was recorded for the shoreline at Ko Samui at 21 days. Oil accumulation at the
low threshold for Thai shorelines was for Ko Phangan and Ko Samui (2% at both).

Under northwest monsoon conditions, the highest probabilities of accumulation were Nakhon Si Thammatat
(33%) and Ko Samui (23%) at or above the low threshold of 10 g/m2. The minimum time before oil had
reached a shoreline was 12.8 days, which was Koh Samui. No oil was predicted to reach the Cambodian
shorelines under northeast monsoon conditions.

Figure 11.25 to Figure 11.32 present probability maps of oil accumulation above the low and moderate
thresholds (= 10 g/m?) and moderate (= 100 g/m?) for each season.

Figure 11.33 to Figure 11.36 reveal the maximum potential oil accumulation for each thresholds and season.
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Table 11.3 Summary of oil accumulation on any shoreline following a surface loss of well control.
The results were calculated from 100 spill simulations per season.

Shoreline Statistics Northeast Southeast Southwest Northwest
Monsoon Monsoon Monsoon Monsoon
o o seamatonenioan g 2 1 o
e ey 108
gﬂs"’l‘q’g’r‘;”(”gb‘l’)c"”me of hydrocarbons 315.0 243.2 149.2 378.8
Maximum volume of hydrocarbons 29 17 10 27

ashore (% of total spill volume)
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Table 11.4 Oil accumulation on individual shoreline receptors following a surface loss of well control. The results were calculated from 100 spill simulations per season.

Country

Cambodia

Thailand

Shoreline
sector

Kaoh Kong

Chumphon
Ko Kra

Ko Phangan
Ko Samui
Ko Tao

Mu Ko
Chumphon
Island Group

Nakhon Si
Thammatat

Surat Thani

Northeast Monsoon

Southeast Monsoon

Southwest Monsoon

Northwest Monsoon

Maximum probability of

contact (%)

> >
210 gime 21009/ 1,000
(ow) " (mod) = (high)
6 - -
21 7 :
21 4 i
19 5 :
8 1 i
24 1 i
6 - -

Minimum time before
accumulation on shore

210 g/m22100 g/m

(low)

24.0

10.8
11.2
16.8
24.9

14.8

20.1

(days)

2 (mod)

14.3
18.0
25.0
34.3

34.5

21,000 g/
2

(high)

Maximum probability of

210 g/m?22100 g/m

(low)

11
10
15

contact (%)

2 (mod)

21,000 g/
2

(high)

Minimum time before
accumulation on shore

(days)
210 g/m22100 g/m
(low) | 2 (mod)
28.5 -
16.0 20.2
16.8 18.8
14.4 20.2
25.3 30.7

21,000 g/
2

(high)

Maximum probability of

210 g/m?22100 g/m

(low)

contact (%)

2 (mod)

21,000 g/
2

(high)

Minimum time before
accumulation on shore

(days)
210 g/m22100 g/m
(low) 2 (mod)
29.1 -
23.3 25.5
21.0 23.0

21,000 g/
2

(high)

Maximum probability of

210 g/m

(low)

11
23

33

contact (%)

, 210°0 g/ 21,000 g/
2 2

(mod)

m
(high)

Minimum time before

accumulation on shore

(days)

210 g/m?2100 g/m 21,000 g/
2 (mod) m? (high)

(low)

24.7
19.2
12.8

15.8

17.5

19.7

32.7

“-“: No contact predicted for specified threshold.
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Figure 11.25 Probability map of oil accumulation on shorelines above the low threshold (at, or above 10 g/m?) following a surface loss of well
control. The results were calculated from 100 spill simulations commencing during northeast monsoon (November to February)

conditions.
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Figure 11.26 Probability map of oil accumulation on shorelines above the low threshold (at, or above 10 g/m?) following a surface loss of well

control. The results were calculated from 100 spill simulations commencing during southeast monsoon (March and April) conditions.
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Figure 11.27 Probability map of oil accumulation on shorelines above the low threshold (at, or above 10 g/m?) following a surface loss of well
control. The results were calculated from 100 spill simulations commencing during southwest monsoon (May to September)

conditions.
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Figure 11.28 Probability map of oil accumulation on shorelines above the low threshold (at, or above 10 g/m?) following a surface loss of well
control. The results were calculated from 100 spill simulations commencing during northwest monsoon (October) conditions.
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Figure 11.29 Probability map of oil accumulation on shorelines above the moderate threshold (at, or above 100 g/m2), produced from 100
simulations during northeast monsoon (November to February) conditions.
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Figure 11.30 Probability map of oil accumulation on shorelines above the moderate threshold (at, or above 100 g/m2), produced from 100

simulations during southeast monsoon (March and April) conditions.
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Figure 11.31 Probability map of oil accumulation on shorelines above the moderate threshold (at, or above 100 g/m2), produced from 100
simulations during southwest monsoon (May to September) conditions. Each spill simulation was based on a 14,220 bbl surface
release of crude oil over 18 days, tracked for 35 days
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Figure 11.32 Probability map of oil accumulation on shorelines above the moderate threshold (at, or above 100 g/m2), produced from 100
simulations during northwest monsoon (October) conditions.
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Figure 11.33 Maximum potential shoreline oil accumulation, produced from 100 simulations during northeast monsoon (November to February)
conditions. Each spill simulation was based on a 14,220 bbl surface release of crude oil over 18 days, tracked for 35 days.
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Figure 11.34 Maximum potential shoreline oil accumulation, produced from 100 simulations during southeast monsoon (March and April)
conditions. Each spill simulation was based on a 14,220 bbl surface release of crude oil over 18 days, tracked for 35 days.
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Figure 11.35 Maximum potential shoreline oil accumulation, produced from 100 simulations during southwest monsoon (May to September)
conditions. Each spill simulation was based on a 14,220 bbl surface release of crude oil over 18 days, tracked for 35 days.
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Figure 11.36 Maximum potential shoreline oil accumulation, produced from 100 simulations during northwest monsoon (October) conditions.
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