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Independent Study title: A Dispersing Assessment and Impact Prediction of
Liquefied Petroleum Gas (LPG) Leakage by ALOHA,
CAMEO and MARPLOT Computer Programs :
A Case Study of LPG Tank in A Furniture
Manufacture, Samutprakarn Province
Author: Mr.Artitchai Tachasakunwit; 1D: 2565001498; Degree: Master of Science
(Industrial Environment Management); Independent Study advisor: Dr.Sarisak
Soontornchai, Associate Professor; Academic year: 2014

Abstract

The objectives of this study were :1) to assess and predict of liquefied
petroleum gas (LPG) leakage and the direction of emission from its origin; 2) to assess and
forecast the impact from LPG leakage by using ALOHA CAMEO and MAPLOT
computer programs; and 3) to develop a plan for protection and handle emergency
situations resulting from LPG leakage.

The study was conducted by compiling LPG tank’s information and distribution
at a furniture manufacture in Samutprakarn Province. Scenarios were set from variables
data including leakage pore size and the meteorological data input into CAMEO ALOHA
and MARPLOT computer programs in order to get dispersing radius and severity
levels in various cases. A plan for protection and handle emergency situations was then
formulated.

The study results revealed that: 1) when set a 2-inch pore at gas pipe,
southwest wind direction, 7.3 knots wind speed at 34.7 degrees Celsius caused leakage
duration about 4 minutes, highest average leakage rate of 1,000 kilogram per min.,
total leakage volumn of 3,175 kilogram, vapor cloud moved to the northeast bound;
2) the significant impact assesed and predicted was fire and explosion that should be
careful not to cause sparking within 289 meter distance which was ignition range. In
case of vapor cloud explosion at radius distance of 55 meters caused pressure waves
which damaged the buildings and injured people. In case of fire with blast pressure
flame caused heat ray in radius distance of 37 meters with dead people and destroyed
buildings. Thermal radiation in radius distance of 47 meters caused second degree
burn, and 74 meters caused blisters. BLEVE explosions in radius distance of 201
meters caused dead people, 284 meters caused second degree burn, and 444 meters
caused blistering burns. All cases caused impact covering origin area in plant A,
sideplants, and community; .and 3) the application plans for the emergency plan for
handling the leakage of LPG consisted of before, during, and after LPG leakage with
focus on before the leakage first in order to make proactive protection. The assembly
point was set at 395 meters from leakage origin.

Keywords: Leakage prediction, Radius distance leakage, LPG, Emergency plan
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1.Check Facilities 2.View on map
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Ruler Measurement Info

Radius: 395 meters (¥) Perimeter: 2479 meters (¥) Area: 0.489 sq km (3) Angle: 335.4°

Click Point (€): 13°3905.93"N, 100°3252.268'E ® A=

2 4.23 gasawnausneni1sen G
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Select tank type and
orientation:

Wertical cylinder

Horizontal cylinder

-
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diameter |1.5982
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diameter
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Cancel Help
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Select the shape that best represents the shape of
the opening through which the pollutant is exiting

[ wiaw
——length—

& Circular opening " Rectangular opening

“ inches
. . |'1|— " feet
Opening diameter: -
" centimeters

" meters

Is leak through a hole or short pipefvalve?
* Hole * Short pipejvalve

Cancel | Help I

4| The bottom of the leak is:

lig.level Iﬁl Cin Cft Cem ®m

above the bottom of the tank

OR

z! ||] % of the way to the top of

the tank

Cancel I Help I
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A o o a J 23
3) M3tszdiusainmiia Ivavesmsszibavesnguvuennias a1 (Blast

Aera of Vapor Cloud Explosion)
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Select Toxic Level of Concern:

Red Threat Zone

LOC: AEGL—S (60 min): 33000 ppm '"

Orange Threat Zone
LOC: IAEGL—I [60 min): 5500 ppm jl

Yellow Threat Zone

LOC: |IDLH: 2100 ppm -]

Show wind direction confidence lines:

& only for longest threat zone
 for each threat zone

[ ok ]

{ o [ I a 2 @
ﬂTWﬂ'lﬂNu’Jﬂﬁ 8 ﬂ15mwuﬂ5m‘ummgumaﬁ’mmmmuwym 339U

2) mytszidiumsialvavesngunsenmalalu (Flammable Vapor Cloud)
a ¥ I a < 9 a
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Y Y
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Select Flammable Level of Concern:

Red Threat Zone

(ool (21000 ppm = LEL -

Orange Threat Zone

LOC: l125l]l] ppm = 602 LEL = Flame Pockets

Yellow Threat Zone

LOC: (2100 ppm =102 LEL

Show wind direction confidence lines:

" only for longest threat zone
 for each threat zone
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{ o o 1 %) g’/ o
ANNANUINT 9 fﬂiﬂTﬂu@ﬁ%ﬂUﬂTﬂJgulﬁﬂ"Uﬂﬂﬂﬁjilﬂil@ﬂﬂ?“lflh]lwﬂﬂ 339AU

3) msﬂizaﬁu%fﬂﬁm5%31ﬁamaan1iizaﬁﬂmmn@:uﬂmnﬁw"h"lﬂ (Blast
Aera of Vapor Cloud Explosion)
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Overpressure Level of Concern

Select Overpressure Level of Concern:

Red Threat Zone

LOC: I|User specified jl

&+ psi

5 " atm
" Pa
Orange Threat Zone

LocC: [|3.5 psi = serious injury likely j

Yellow Threat Zone

LOC: |1.0 psi = shatters glass j

Show wind direction confidence lines:

+ only for longest threat zone
" for each threat zone
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Scenario:
Tank containing a pressurized flammable liquid.

Type of Tank Failure:

" Leaking tank, chemical is not burning as it escapes into the atmosphere

& Leaking tank. chemical is burning as a jet fire

" BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from chemical which is burning as it leaks from tank:
- Thermal radiation from jet fire

- BLEVE
[if heat causes the tank to fail]

- Downwind toxic effects of fire byproducts
[cannot be modeled by ALOHA]

0K I Cancel |

A A an A < Aa
AMNAIARUINN 11 ﬂ']iLaﬂﬂ'J‘ﬁﬂ"liﬂﬁ&llﬂﬂ'ﬁi')llﬂallﬂﬂqﬂ@ﬂvh/\l

Select Thermal Radiation Level of Concern:

Red Threat Zone

(o[l (10.0 kW/|sq m] = potentially lethal within 60 sec -

Orange Threat Zone

LOC:

5.0 K¥¥/[sq m] = 2nd degree burns within 60 sec

Yellow Threat Zone

LOC: |2.I] kKW{[sq m] = pain within 60 sec

OK I Cancel

v 9
MWMARNUING 12 miﬂmum:ﬂummg’mmmmm?{mm%’aum 33gal
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2) Mysziumssziauuy BLEVE luanyazlSnasiaanuiouduaiie
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Type of Tank Failure

Scenario:
Tank containing a pressurized flammable liquid.

Type of Tank Failure:

" Leaking tank, chemical is not burning as it escapes into the atmosphere
" Leaking tank, chemical is burning as a jet fire

= BLEYE. tank explodes and chemical burns in a fireball

Potential hazards from BLEVE:
- Thermal radiation from fireball and pool fire

- Hazardous fragments and blast force from explosion
[cannot be modeled by ALOHA]

- Downwind toxic effects of fire byproducts
[cannot be modeled by ALOHA]

0K | Cancel | Help
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Select Thermal Radiation Level of Concern:

Red Threat Zone

(uloil |10.0 kK/}[sq m] = potentially lethal within 60 sec -

Orange Threat Zone

LOC: ||5.0 K{[sq m] = 2nd degree burns within 60 sec

Yellow Threat Zone

LOC: |2.I] k\W[sq m] = pain within 60 sec
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MATERIAL SAFETY DATA SHEET

QC-MSDS-F001

Product Rev.

Page

Date

P LPG 7

18

9/10/2008

N S LN
s 4

11 ﬂﬂ'/l'nms‘ﬂ"ﬂ (Trade Name): ﬁwmﬁu (Liquefied Petroleum Gases, LPG)
1.2 msldusslgad (Use)

) X oo &£\ ¢ i
Tilufrayesty Midwdemaslugaamnss @emdlusonud uesifluingivlugnavnsssillnaedl (Used as fuel

and used In petrochemical industry)

1.3 gwan / g¥nin (MANUFACTERER / IMPORTER): 133 1la. 41 (siv19w) (PTT Public Company Limited)

ﬁ'agj (Address): 555 0. AN1DATER (1A ARANT NN 10900
(555 Vipavadee-rangsit Rd., Jatujak Bangkok 10900)
TnsAWY (Telephone Number) +66(0)2537-2000

Homnil wosidus Anasgvnlaoaiy
Index No. CAS No. EC No. Labeling
(Substances) (Percent) TLV (ACIGH) | PEL (OSHA)
Propane 601-003-00-5 | 74-986 | 200-827-9 | F+ 55.0-64.2 | 1000 ppm TWA S
*F+R12 R:12
S: (2-)9-16
Butane (1] and 601-004-00-0 | 106-97-8 | 2034487 | F+ 325450 | 800 ppm TWA 2
Isobutane [2] [1] [1 R: 12
i S 75-28-5 | 200-857-2 | S:(2-)9-16
**Note : C 2] [2]

Cl R-phi S-phrases declared above)

3 mstisisunse (HAZARDS IDENTIFICATION)
3.1 msduuniszinnaasans (Product Specification)
u.ﬂumrﬁﬁmm’h‘lﬂqa (Extremely Flammable)

wBmey; Aetnedavil mIsauunUssun, R-Phase, S-Phase Ansnsnglisaniatia 15 (See section 15 for the full text of the

3.2 duAsIamEMnIaziall dunsaainiWlvsiuaznissziiin (Physical and Chemical Hazards/ Fire and

Explosion Hazards)

o Y E - S AT Je
- udminuiifianulalngason mmmmn‘lamw'lﬁﬁqmm]umnthnmquﬁm TRt WA AdauRaN YN

Finnleviuil (Product is high flammable liquid and can release vapors that can readily form flammable mixtures at

below room temperatures)

Additional Information Available from : Quality Control Division, Oil Business
Address : 555 Ardnarong Rd. Kiongloey, Bangkok 10260 Thailand Tel. +66(0)2239-7149, Fax

1 +66(0)2239-7149
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!! MATERIAL SAFETY DATA SHEET QC-MSDS-F001
Product Rev. Page Date
Prr LPG 7 Py 911012008

- unfnusiesiianzacaveedlningtin Fee i WRe WL passiesruAudinfusynsadsae (Product can
accumulate static charges which can cause an incendiary electrical discharge, should be bonded and grounded)

4 msUguneuna (FIRST AID MEASURE)

4.1 NSAUANARASIATINMIAIWG (Skin Contacting)

- Enfandidnon m) uns ﬂ'mmmnfa (Flush with large amounts of water, use soap if available)
- wRsudedussreaiiinmnhdeutusiniusfeen uasiliimseces (Remove grossly contaminated

clathing, including shoes, and launder before reuse.)

i at
- winfisnirrzmuAsseiiafuuwanduomndudgs aoslwuwme (If initation or redness has develops, seek

medical attention)

- lunsdiffudagnievednlusonssanm I\ﬂﬂ‘\ﬁ'qmqﬂ\ln%aﬁmmﬁiuﬁn Wetwasmomadififinan
nsdindafivegadii (In case of contact with liquid LPG. It is advisable to keep the injured organ under a flow of

water of comfortable temperature, This wall allow heat to transfer slowly from the water to the organs)

4.2 nstiANARITIATINIM (Eye Contacting)

framdamirethatan 15w udadalumuurd (Flush with fresh water for 15 minute. I iritation persists, get

medical attention.)
4.3 nsdigudarIsailiaunswela (Inhalation)

FundeuthufhohNuiifieanaignd uh3duineummd (Remove to fresh air, Obtain medical attention in

all case)
4.4 nsdiRudalnunsnAuiy (Ingestion)

vnninbidilarenSou ussiuiiludewmed (f swallow, DO NOT induce vomiting. Keep at rest. Get prompt

medical attention.)

5 - o -

VDYANMTAUVIWRY (FIRE-FIGHTING MEASURES)

5.1 FuRRUMIALINA (Fire-fighting Procedure)

imsilumsiunds wimsddeinngumglsesrmusfiiamfduiii unsdRdsmadwtinme
ursymalug iy Sufuiufu mafuwdeioumeziinesi Sl dmsiinsquidsicsesnaindaiy us
Imniteneenauniliiin vndvemsimilas s d UG nfusdaodcn binnlfersesfuguusei
MBS Mﬁ\h\uﬁumﬁmﬂwnﬂﬁmﬂhmnﬁumh uﬁndmm:qmuhmﬂu
(Water may be ineffective on flames, but should be used to keep fire-exposed containers cool. Large fire, such as
tank fires, should be fought with caution. If possible, pump the content from the tank and keep adjoining
structures cool and protect personnel. Avoid spreading bumning liquid with water used for cooling purposes. Do

Additional Information Avaable from : Quality Control Division, Oil Business

Aodress : 585 Aranarong Rd. Klongtoey, Bangkok 10260 Thailand  Tel. +66(0)2239-7149, Fax : +86(0)2239-7149
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MATERIAL SAFETY DATA SHEET

QC-MSDS-F001

Product

Rev.

Page

Date

PTT

LPG

3/8

9/10/2008

not flush down public sewers. The use of self-contained breathing apparatus and protective clothing is

recommended for fire fighters. Avoid inhalation of vapors)
- lduvtenuaiiwislunsdumas (Use foam or dry chemical to extinguish fire)
5.2 18A259299lUNTSALINAY (SPECIAL FIRE PRECAUTION)

] I $d . os = = o -
= 1ﬂ7:mﬂ'ﬂ:aqnwu uRzaNn70 e ldmavievzenszuneiiiszdum mﬁmﬂmﬂmmn’lﬂ'ﬂnwmmmﬂ

1l‘rzn'1fﬂﬂﬁﬂfﬁnaﬂﬂn'h I8 (Vapor my travel along the ground to a source of ignition (heat. electric motor) some

distant away)

6 WMTNISAANIIANSLALIS2LUA (ACCIDENTAL RELEASE MEASURES)

6.1 meﬂmﬁauﬁv‘wﬁu (Land Spill)

e et 5 o e
- findmumasiivin Wiiedszmelv flesiunisfalusadllguvasnin arsniderin (Eliminate sources of ignition.

Prevent liquid from entering sewers.)

- wynasFalvalagldmere (Contain spilled liquid with sand.)

v - v @ do a o v % e o a4 T oa -tal P
= 'l*mmgmu'lun‘mmmummw umqunnnmuﬂwnum‘]mnunﬁﬁzl.ummﬁuuﬂ Tunsilfignsiaiiliannumilauan

undra e Wiinanswiifrendn ldnsusazasilnd ievihiindnsall (Recover by pumping (use a

suitable absorbent. If liquid is too viscous for pumping, scrape up with shovels or pails and place in suitable

containers for recycle or disposal.)
6.2 n'\eﬂul.ﬁﬁuﬁumiufﬁ (Water Spill)

el
- fdnuvasin liRnszneW (Eliminate sources of ignition)

o A o I - . " e o o
- udadleuFaaraundnaregindides uasudelivinGeviiamlsauiinuadameulaeiuf (Notify port or relevant

authority and keep public away)

5 - 3 - 4 PRy e
- finansiaiisanandauinyeni wiagadusandanaadunsnzan (Remove surface by skimming or with suitable

absorbents)

. . e - o o N o ¥
- winldfueyananmistausnsmsiiutisaey ea dRanmin iiaaaiiaa viena iunsnszangluuvawindla lh

(If allowed by local authorities and environmental agencies sinking and/or suitable dispersants may be used in

non-confined waters)

7.2 grumnianizaugs (Transport Temperature): grungiivias (Ambient)
7.3 guugilunistramilluanzas (Loading/ Unloading Temperature): gauugiiiias (Ambient)
7.4 AMUAUAULARNULAZUUAS (Storage/Transport Pressure): A2NALLITIEINIA (Atmospheric)

Additional Information Available from : Quality Control Division, Oll Business
Address 555 Ardnarong Rd. Klongtogy, Bangkok 10260 Thailand Tel, +66(0)2239-7149, Fax : +66(0)2239-7149

mMsldnunaznIsaninua1siAll (HANDLING AND STORAGE)

74 qmvaqﬁi’mﬁu (Storage Temperature (DegC)): gruuivias (Ambient)
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MATERIAL SAFETY DATA SHEET QC-MSDS-F001
Product Rev. Page Date
R LPG 7 4/8 9/10/2008

7.5 maazanwedlwiadn (Electrostatic Accumulation Hazard): uiiavasmasinfinaiin msidauseansiu (Use
proper grounding procedure)

7.6 MsldauuaLnIsIALALAISIAT (Storage/ Handling)

~anlussn ey (This product is intended for use in close system. Do not use in confined area)

- leildaru daviu viadladhnauzindiunladlv uasuas Aandau wazuwssindedsznieiwaine (DO NOT
handle, store or open near an open flame, source of heat or source of ignition. Protect material from direct
sunlight)

- AT Sinsazantesiiingdin Avminnisdensiadnufn (Material will accumulate static charges which may
cause an electric spark (ignition source). Use proper bonding and/or grounding procedures)

- Wudnaauau fn Tannufeu viadauniauzussg (DO NOT pressurize, cut, heat, or weld containers)

8 nisilasnunsanEagNsIALl (EXPLOSURE CONTROLS/PERSONAL PROTECTION)

8.1 n'lim'l.lquw’w’aﬂ’m‘iiu/n'lii‘su‘wmmﬂ (Engineering control measures/Ventilation)
pardaiulusouiidnlds Tnssneemais nsldeuietresien iinsesfeninluganeina (Hood)
wazasidgUnsalizinuaniasiintlasiunissaiina (The use of local exhaust ventilation id recommended to
control process emission near the source. Laboratory samples should be handling in a lab hood. Use explosion —
proof ventilation equipment)

8.2 Auuzaiwialil (General Advice)

ms@anldgunmniiesiudouypanaziuatiusunmusesainioe s uagienis s
Tnenialyl fvinenalszanmsaonuium s iadinssiving uasidefrfntiesusy o uaziemesnnsduda
é'mfué"/iLﬁw'hl'luv{uﬁﬁ'mui"'mﬂq AarANuIuR s tstiniinssfeiratluatinaias (The use and choice of
Personal Protection equipment is related to the hazard of the product, the workplace, and the way the product is
handled. In general , We recommend as a minimum safety precaution the safety glasses with side-shields and
work clothes protection arms, legs and body be used. In addition, any person visiting an area where this product
is handles or processed should at least wear safety glasses with side-shields)

8.3 mstlasnuszuumaitAumela (Respiratory Protection)
'luns:ﬁ%'mwLiu{mmuamﬁmm"luumqmﬁg«ﬁundﬁﬁwmmg'm pasganldwiinnaetih Tflasiunieduda
fulesme dwiifaweidmmimni Sueginfnmuscaiiaresanailuiuiinem uwirmsdamesais
AvialndiResuarasiffunisiiseaain NIOSH (Where concentrations in air may exceed the limits given in this
section, it's recommended to use a half face filter mask to protect from overexposure by inhalation. Suitable filter
material depends on the amount and type of chemicals being handled in the workplace, but filter material of type

“A" or similar may be considered for use and should be use appropriate NIOSH-approved respiratory protection)

Additional Information Available from : Quality Contro! Division, Oil Business
Address ! 555 Ardnarong Rd. Kiongloey, Bangkok 10260 Thailand Tel. +66(0)2239-7149, Fax : +66(0)2239-7149
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8.4 mstlesnuile (Hand Protection)

- . I . o e ol ’
pasannldneiiaatintiesiuanail dviudagiliviageliediueginfnnuazalavasansiadluiuniinu us

0 Py d o - o i 3
wuzinWldneilaivinann PVC viie Nitrile unzpasilasunsiieiuiiiiedanadi@aunnimam (When handiing this

product, it's recommended to wear chemical resistant gloves. The choice of suitable protective gloves depends

on work conditions and what chemicals are handled, but we have positive experience with gloves made of Nitrile.

Gloves should be replaced immediately if sign of degradation is observed)
8.5 n15il2anun23m (Eyes Protection)

#1989mute 8.2 (See general advice)

8.6 nMstlasnufiantauazsranie (Skin and Body Protection)

AwBamudia 8.2 (See general advice)

2 o

9 MNNE ENGLAN ICA| HEMICAL DATA

9.1 qaLRAan (Boiling Point): -17 °C

9.2 anuaula (Vapor Pressure): 'lu'qan'h (maximum) 200 psig (37.8 deg.C)
9.3 maazaelaluia (Solubility in Water): axaneinldtiasann (negligible)
9.4 ANNNINNIE (Specific Gravity): 0.522-0.534

9.6 9MsIN15521E (Evaporating Rate): 100% (%Volatile)

9.7 anuuzAuaznau (Appearance Color and Odor): 183w (ntlsirama) il wiseiindusinnsiu

arnlsznaudamad (Liquid in high pressure condition, colorless, mercaptan odor)

10 danamuaAANaLazn1gsLiin (FIRE AND EXPLORSION HAZARD DATA)

10.1 an il (Flash Point): (-105) °C

10.2 Aasmamsnalyl (Flammable limits by % Volume)

e (LEL): 2.0

mgaga (UEL): 9.0

10.3 (Hazard Rating)

NFPA: Health- 1. Fire- 4 Reactivity- 0

10.4 gruugiianansaanlwlaies (Autoignition Temperature): 400 - 500 °C
10.5 mMstinUHnseniadl (Chemical Reactivity)

drmupvingaluaniznisiuueznisidenalnd (Stable under ordinary conditions of use and storage)

10.6 @15NADIVANINALIRINNY (Material to Avoid)

ansaendladiizunssity aaeisn humem uaz wefeanles (Strong oxidizing agents, chiorate, nitrates, peroxides)

Additional information Available from : Quality Control Division, Oil Business
Address ;555 Ardnarong Rd. Klongloey, Bangkok 10260 Thailand  Tel, +66(0)2239-7149, Fax

: +66(0)2239-7149
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10.7 AsAuRTIETIAAMNNMSAAEAY (Hazardous Decomposition Products)
afusunausenlad afueulasenlad uararslalasaiuen (CO, CO, and hydrocarbons)
11 dayan1uN¥INe (TOXICOLOGICAL INFORMATION

11.1 A Tlufisuundsunau (Acute)

mswela (Inhalation)

naliiianisszaoiRessesszuuniaiumiela evainlillaaninlondswe wiila srauifessianian aynuay
f1na a1 liunANEAn uaranadauasinszuLlszamdIunans (Vapor may be irritating to the respiratory
tract, may cause headaches and dizziness, irritation of eyes, nose and throat, signs of intoxications. could be
anesthetic and may have other central nervous system effects)

MSARUNANISHIMGY (Skin Contact)

nacidueia LPG mmmﬁqzqam'm%uﬁﬂnaﬁ'm:ﬁﬁ'uﬁﬂ quvnWiAsuea wilifiv (Liquid can cause cold burn)
MsnauNY (Ingestion)

Ifidiasya (Not Avallable)

NSANAANI9AT (Eyes Contact)

neiAawaalwidu (Liquid can cause cold bum)

112 ananilufisuuni3ass (Chronic)

natdNga LPG mmmq'izqmm'm%ua'maﬁm:ﬁﬁuﬁm quinWihiauaa v (Liquid can cause cold burn)

12 dayadiuRauandas (ECOLOGICAL INFORMATION)
121 Manszanegasuanday (Mobilty)
seme1oR (Evaporates extremely rapidly from water or soil surfaces)
12.3 ananuRnsedansanuarmsssanludeii®ain (Ecotoxicity and Bioaccumulation)
Lidludunmauasliazanludd#in (Expect to be practically non - toxic to aquatic organism and does not

accumulate)

13 dauan1siIAANARAUT (DISPOSAL CONSIDERATIONS)
- Aunsire i AR AR eTTTnauiandon a1assRed iR nsRRAnIILLAL:
windifessde WsnAnsiadudn VemheausTnnssUARTeY (Combination with other materials may well indicate
another route of disposal. If in doubt, contact manufacturer/importer or local Authorities)
- anfuillnsgiasindatasnisilinau nmstivasiessunei u?«an'lf?ﬁmméwdqﬁﬂﬁﬁumﬁ (This product is

NOT suitable for disposal by either landfill or via municipal sewers, drains, natural streams or rivers)

Additional Information Available from : Quality Control Division, Qil Business
Address : 555 Ardnarong Rd. Klongtoey, Bangkok 10260 Thailand Tel. +66(0)2239-7149, Fax : +66(0)2239-7149
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- ausLssEAR T ivaauds pasianduan viarindnlaewistendlffueygngnaesmsunguane

(Empty packaging should be taken for recycling, recovery or disposal through a suitably qualified or licensed

contractor)

- neindpserarsielssspaiullmaiinguauienivug (Care should in any case be taken to ensure compliance

with national and local regulations)

14 i ggms'ugﬁwﬁnﬁmﬁ (TRANSPORT INFORMATION)

14.1 nMsaudInIeun (Land)
CLASS: 2.1 UN Number: 1075
Proper shipping name: Petroleum Gases, Liquefied
14.2 MIVUAINIINLA (SEA-IMDG (Packaged Goods and BLCs))
CLASS: 2.1 UN Number: 1075
Proper shipping name: Petroleum Gases, Liquefied
14.3 M3vuAIMI0INA (IATA Classification)
CLASS: 2.1 UN Number: 1075

Proper shipping name: Petroleum Gases, Liquefied

2 < o 2

15 dayan1anguaneitnegaias (REGULATORY INFORMATION)

15.1 4an1uuA (Goverming Directive)

fsemudenmuanisuentssmuazAnaainassavnanglsy (According to Dangerous Substances Directive

67/548/EC, as modified)

15.2 MsuEnUssinnuazmMsAnaaIninauzaisiail (Classification and Labeling)
- msusnUssumassarsiadl/dydnwnl(Classification/Symbol): Wiugnslalrlgs (Extremely Flammable/F+)

15.3 ﬂe:mwumm'msﬂm (Nature of Special Risk)
R12 Talwgs (Extremely flammable)
15.4 Auuzthiuanulaanny (Safety Advice)

s2 wiuliduiiawin (Keep out of the reach of children)
) e :
s9 Wunmausurslanmindnsssuiuenie 4@ (Keep container in a well-ventilated place)
o o gt
S16 wiviineannuvaerindayzsnieIn ussviaguyvitunii (Keep away from sources of

ignition - No smoking)

Additional Information Available from : Quality Control Division, Oil Business

Address : 555 Ardnarong Rd. Klongloey, Bangkok 10260 Thailand Tel. +66(0)2239-7149, Fax :

+66(0)2239-7149
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15.5 Symbol

16 i’auﬁﬁug (OTHER INFORMATION)

16.1 1 ldian@1s MSDS (MSDS Usage)
iy - P S - oy o iz )
- fayaviegluenarsiiasiendeeiusdniusiiving lnsasdeBmudeyaguanléiu uazandlinreungu

a s P ol A o e A
mniimsldanuasiaidusandon vieldnunaainsiiilunssuounistug Aniy ﬁqLﬂumwmumaummé’l‘ﬁmmmm:
Tideyaliifuwauaznnzauiuinglszasdzen (This information relates only to the specific material designated
and recommendations contained herein are to the best of manufacturer’s knowledge and may not be valid for such
material used in combination with any other material or in any process, therefore, it's the user’s responsibility to satisfy

itself as to the suitability and completeness of such information for its own particular use)

Pl

(Mrs. PHURITA PHOTISUK)

Quality Control Division Manager

Additional Information Available from : Quality Control Division, Oil Business
Address ! 555 Ardnarong Rd. Kionglogy, Bangkok 10260 Thailand Tel. +66(0)2239-7149, Fax : +66(0)2239-7149
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1 |455301-NFAMKA UIIUT FNY. LAZANKLKILAS uR-14 30/ 32 337 331 325 335 328 338 335 317 322 332 309 205 20 283 301 282 275 201 283 265 276 305 314 318 319 329 332| 33 329 311
2 |455301-NFAAWA UI9UT FNY. L.AZAUNKLKILAS nw-l4 | 329 33) 337 328 32| 325 325 322 338 337 337 33 334 335 33 332 33 331 334 285 28 339 34| 336 332 328 327 332 - e - o328
3 |455301-N3IMMY UIAWT FY. .AFIUNKLKIUAS fln-14 33 333 332 336 333 337 336 34 338 331 345 343 346 352 354 351 357 354 344 347 357 307 35 348 355 357 36 348 353 362 364 345
4 |455301-NF9MNWA UL AAY. 9.AFIAKLKILAS we-l4 | 358 363 367 373 362 355 367 381 377 37 365 358 361 364 366 367 38 373 367 378 38 368 368 368 374 378 375 373 344 362 - 368
5 |455301-NFANW LU AAY. 9.AFINWLHILAS WA-l4 | 367 37 373 35 35| 355 335 367 365 366 362 366 374 372 386 - 375 355 345 362 373 365 366 379 378 377 364, 356 365 374 37 365
6 |455301-NFINWI UL AAY. 9.AFINWLKILAS fl-14 | 348 368 373 353 347 348 35 348 357 348 351 336 344 341 342 33 336 335 345 348 341 345 34 343 307 327 357 366 367 343 - 345
7 |455301-AFINWA UL AAK. 9.ATINKRLKILAS AA-14 | 352 358 350 364 362 36 355 33 339 334 345 348 357 325 336 342 35 334 30 335 337 34 345 339 336 348 347 312 34 343 338 342
8 455301-N3AMMA UIOWT AN, 9.AFUAHLKIUAS AA-14 | 3410 3310 338 332 33 333 321 332 335 335 35 35 342 328 34 334 348 353 347 336 337 336 338 365 357 348 335 327 337 308 316 337
9 |455301-NFAMKA LIAWT TN, 9.NFUAHLKIUAS ne-l4 | 328 332 33 342 34 331 317 346 347 345 328 339 347 347 34 331 327 326 353 355 355 351 352 325 333 33 342 347 348 341 - 339
10 |455301-NFANW UI9UT FAY. 9.AFINRLHILAS nn-14 | 342 335 342 341 338 32 314 302 321 352 339 324 332 325 334 339 35 338 324 33 323 334 325 31| 33 33 335 334 322 34 349 331
11 |455301-N3AMKA U9 TNY. L.AZIUAKLRILAS W14 34) 343 3330 313 32| 342 324 342 337 35 35 348 347 321 34 336 337 32| 318 326 328 345 344 343 347 348 337 325 344 345 - 336
12 |455301-NFANWA UI9UT HAY. 9.ATINHLKILAS EA-14 | 345 311 319 325 305 331 34, 323 323 33| 323 323 202 314 33 33 274 205 307 312 325 20 305 323 335 34 333 324 30 303 30 317
13 |455301-NFANW UI9UT AAY. 9.AFINULHILAS uA-1S | 288 286 308 326 334 348 34 302 324 200 284 265 203 205 303 31| 288 30| 304 314 327 331 319 33 334 323 335 332 334 346 318 314
14 |455301-NFANW UIIUT AAY. 9.AFINAULHILAS nAwW-15 | 3130 318 33 337 33| 325 328 326 331 325 337 326 326 326 324 33 326 332 331 334 326 333 333 335 347 341 347 339 - - 5831
151455301 -AFANWA UIAUT FAY. L.ATINHLHILAS fla-1s | 343 208 332 343 343 344 345 344 35 346 345 343 344 346 345 347 337 342 345 341 344 335 338 328 34 335 344 345 331 347 352 341
16 1455301 -AFANW UIIUT FAY. D.ATINHLKILAS w15 - 350 364/ 357 351 355 36 31 347 351 355 342 343 342 356 351 353 352 3520 36 388 384 323 357 315 347 357 355 358 354 - 352
17 |455301-NFANW UI9UT FAY. 9.ATINHLKILAS WA-1S | 3720 369 357 347 353 377 366 367 362 362 364 368 342 326 365 364 368 37 376 363 364 355 352 364 366 362 358 362 365 367 378 362
18 |455301-NFAMWA LI FAY. L.AZIUAKLWILAS fle-15 | 382 385 344 36| 373 38 382 353 355 366 37 363 357 36 34 314 332 328 354 357 353 352 343 343 336 32 323 342 343 363 - 352
19 |455301-N3AMWA UIUT FIAY. V.AZIUAKLKILAS nA-15 | 353 362 355 372 342 344 354 345 326 352 36 343 36 348 343 344 334 325 323 308 324 336 345 354 354 35 337 341 337 324 321 342
20 |455301-AFANW UIAUT AAY. L.AZINHLHILAS HA-15 | 335 327 314 334 334 337 343 338 340 347 352 347 33 356 354 36 366 366 374 377 348 345 35 364 357 34 345 334 355 354 346 348
21 |455301-NFANW UI9UT AAY. 9.AFINULKILAS nE-1S | 346 351 348 347 344 347 361 353 3620 309 305 339 345 331 30 307 204 332 336 358 369 338 312 34| 345 348 36 346 344 342 - 339
22 |455301-NFANW UIIUT FNY. 9.AFINRLHILAS n.n-15 33 300 202 313 329 304 337 346 203 338 33 311 321 328 33 - - - - - - - - - - - - - - - - os21
mnomgagl :
P ey

shnao il Aidon (455301)
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garngild e (salBam
I

1 455301-NFANNA U1IUT AON. 0.NFINWUMINAS wA-4 | 173 177 182 193 207 214 221 226 225 23 209 207 222/ 205 19 165 179 189 187 187 197 175 161 148 152/ 175 198 196 21 216 195 194
2 |455301-NFINND U19UT T0N. 0.0 IMWUMIUAS nw-14 21| 214 217 24| 2s1] 248 246 247 222 227 218 245 246 24| 255 261 254/ 251 256 244 215 212 238 248 249 246 253 249 - - 4 239
3 1455301-DFINNA U191 AOM. 0.0ANNUNINAS fina | 245 25| 246 24| 25 258 255 254 259 263 262 264 263 255 268 265 279 27 277 277 266 265 252 255 269 27 275 25| 27 277 276 263
4 |455301-NFANN UTIUT 70K, 9.0FINMUMIUAS w14 | 277 282 282 275 256 248/ 273 282 283 28 288 279 265 267 25| 27 275 28 285 286 285 28 29.6 29 28 286 283 287 285 27.4 4 278
5 |455301-NFINNA UTIUT HOM. 0.HFIMNUNIUAS wa-1a | 202 281 273 265 271 276 258 26 29 27, 243 276 29 27.6 284 -+ 294 286 271 268 276 27| 265 283 287 286 202 246 273 272 286 275
6 |455301-NFINNA UTIUT AOM. 0.HFIMNUNIUAS flo-1a | 242 266 205 253 262 262 283 262 275 273 283 267 262 20 284 273 27.6 274 287 276 27.6 266 252 268 286 27 252 273 272 269 4 2ma
7 |455301-NFANND UTIUT 70K, 9.NFINMUMIUAS nn-14 | 258 272 266 273 277 265 285 27.6 268 269 285 286 27.9 256 255 259 262 27 268 264 271 271 263 256 27.3 258 258 257 255 258 258 267
£ |455301-NFINNA UT9UT HNK. 9.0FIMNUHIUAS wn-14 | 267 253 261 258 274! 248 259 251 261 255 262 252 26 26 254 26 269 282{ 267 253 247 255 271 256 25 262 244 237 255 256 26 258
© |455301-NFANNY V19U 70K, 9.0FINMUNIUAS nu-14 | 255 257 255 245 246 25| 246 25 256 255 266 255 261 251 253 258 258 267 262 264 269 27.1) 278 25.6] 249 258 253 271 248 255 4 257

10 |455301-NFINNA UTIUT AOM. 0.HFIMNUNIUAS an-14 | 248/ 255 248 244 253 257 249 241 2a2] 252 254 251 242 267 252/ 246 262 256 268 254 253 263 256 261 245 25 254/ 242 249 256 256 252
11 |455301-DFANNA UTIUT ANK. 9.NFINNUMIUAS wo-4 | 253 25 261 255 244 26 261 255 264 263 265 255 262 257 249 254 256 253 232] 23 237 247 252 262 267 267 265 256 257 256 - 2ss
12 |455301-NFINNA U191 AOM. 0.AAMINUNIUAS fn-14 | 266 267 262 254/ 252 252 243 245 239 232 232 251 227 233 218 234 217 214 20 21 21 205 205 205 246 245 249 245 222 207 193 232
13 |455301-NFANNA UT9U1 HOK. 9.0FINNUHIUAS RIS 20| 194| 181 19| 207 226 246 246 236 246 223 208 22/ 194 185 168 194/ 192 207 186 193 195 201 218 227 228 231 238 24 248 257 214
14 |455301-DFINNA U191 AON. 0.0INNUNIUAS nw-1s | 237| 213 23] 214 218 215 193 212 218 20| 205 245 257 263 238 248 237 257 266 245 25 255 234 243 246 262 257 263 - E 4 237
15 |455301-DFINNA UTIUT AOM. 0.DFIMNUNIUAS Qn-s | 268 273 267 267 266 275 27| 266 262 267 262 264 27.10 274 267 273 27 274 274/ 27 281 235 265 265 251 242 257 266 233 258 271 265
16 |455301-NFINNA UTIU1 AOM. 0.HFIMNUNIUAS w1 -\ 277 245, 265 282 276 277 29| 24 27 278 254 258 241 2395 257 27.2) 281 267 274 286 285 256 257 253 254/ 257 273 275 287 - 266
17 |455301-NFINNA UTIU1 A0M. 0.HFIMINUNIUAS wA-1s | 285 284 291 202 288 274 29| 201 283 282 281 203 259 267 263 29 201 272 277 276 275 274 285 268 289 276 268 256 275 271 277 279
18 |455301-DFINNA U191 AON. 0.0ANNUMIUAS fio-1s | 283 282 267 275 285 29| 208 221 23] 277, 287 278 235 258 252| 266 245 256 256 259 259 277 27 27.7] 274 276 277 265 266 255 4 267
19 |455301-NFINNA UIIUT AOK. 0.DFINNUNIUAS nn-s | 264 265 26| 267 287 28s| 268 27.8 27.9] 27.3 267 27| 267 274 269 254 249 274 276 262 264/ 263 279 277 274 267 271 262 229 247 245 267
20 455301-NFINNA U1IU1 HON. 0.0FINNUMINAS wA-1s | 238 253 248 245 25| 262 262 272 263 265 27 265 264 26 272 27.4] 27 259 27.6| 268 268 27.8) 268 27.6 284/ 275 266 254/ 25| 268 268 264
21 | 455301-D3IUNNI UIIUT ADH. D.NFIMWUNIUAS n.Y.-1s 255 255 257 253 261 253 269 27.5 27.2] 25.4 25, 25.3 25.2] 24.7 25.4 23.5 25.3 25.9] 25.2] 27.2 27.8 25.1 254 25.3 25.2, 25.9 27| 24.6 25.6 - 256
22 455301-NFANWA U1IU1 AON. 0.0FINNUMINAS An-1s | 255 262 263 255 251 238 258 252 253 25 251 24 248 246 257 E | 4 E . . g E E | E B . . g 4 2s2
winamgag -
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MASUFIOIE (Usiud)
i

1 455301-NYAWY 113U @NY. .AFUNHIHIUAY u.A-14 ko & T2 ksl 7 k3 7 81 £7 62 £7 6. 80 80 56 59 58 59 57 58 55 47 56 £0 &5 71 70 7 £8 70 3 £5
2 455301-NYAUNWY V1AW @NY. .AJUNHIWIUAY AN-14 n Gl 7 81 N 77 78 75! 9 75 74 72, 75! 74 77 77 75 75 78 &9 70, 73 76 74, 75 78 77 75 - - - 75!
3 455301-NFAMY LAWY @NY. §.NJATHIHIUAY a4 78 77 oy kg 77 7 75 74 74 78 72 74 72 75 75! 75! 70 72 78 77 76, 83 70 72| 73 74 73 75 75! 71 71 74
4 455301-NFANHY LAWY ANY. 9.NFUTHIHINAY 8p-14 75 74 ks 0 70 sl ksl £5 &4 67 73 75! 73 75 70 73 70 71 9 &9 £5 70 72 74 &9 &9 £8 71 76 75! 1 71
5 (455301-NYANNY V1AW @NY. .AFAHIHIUAY W.A-14 n 74 ksl 77 80/ 78 kd 73] 70 74 73 £8 £9 £7 £5 63 71 77! 72 £6 £5 87 £ £6 72 73 75! 77, &9 72 &9 71
£ 455301-NFUNHY V1AW @NY. L.AFUNKIWINAY fu-14 77 ksl 8 75 81 75 74 79, 77! 73 73 83 74 75! 77 82/ 77! 79, 72 75! 77 81 76 70, 79 81 77 &8 70 71 | 76/
7 455301-NFAUNHY AW ANY. LAYUTHITIUAY .A-14 78 0 7 7 k3 7 & 77 70 £9 72, 72, 75! 86 84 82/ 73 76, 78 80 79, 76 &8 74 74 75! 75 82 84 81 78 76
§ (45S301-NYANWY V1AW ANY. L.AFATHIHIUAT #.A-14 78 2 kd Ky 80 81 85/ 83/ 76 72 70 75! 74 79 80 79, 77 77! 80 81 80 82! 82 75! 79 81 81 77 72! 79 74 78
9 455301-YAIHA L1 EAY. AUNHANIUAT Aol ECI @ s w7 O T R I - O 1A - S U S - S £ TUNE S U U = N 1 so 83 sz 79 sz 80 83 -
10 455301-NYANMY LAY ANY. 0.NFUNMLIILAY nA-14 78 0 E » IR ss 85 17 s & & 6 13 6 76 s 82 s0 s 871 85 83 sl s4 8481 st 79
11| 455301-NFATMY LI ENY. 0.NFUTHUNILAT o-1d 81 F I o 85 0 8. 79 w92 75| 73, 70, & 69 68 &1 81 64 68 &8 s 67 62 65 s 78 84 82 8l - om
12 455301-NYAIHY 1AW NN, D.NJUTHUHIUAY 5.A-14 68 74 kd kd Y 4 4 73] £9 £4 82 59 2 57 £3 £3 £0 58 81 820 £2 57, 57 57, 57! 1 77! 75, £5 £3 4 £5
13 |455301-NFANMY LAWY NN, 9.NFUTHUIILAS A5 6 & e 6 e 2w W 1 7 77 7 8 6 s 8 9 s6 & sl 65 6 s 78 77 78 80 77 79 82 82 84 69
14 455301-NYAIMY V1AW S0Y. LAFATHIHIUAT AN-15 86 86 65 k23 57 58/ &1 70 63 62 73 77! 75 76 80 78 78 76 76 78 82 77! 80 79 76 73 76 77 & - - 72
15 455301-NYANHY 1AW &§0Y. 0.NFATHIHIUAT da-s 75 85 80 77 77 77 75 74, 74| 75! 75 75! 73 72! 75! 75! 76 77 77 79 77 80 77 81 75! 7 £9 78 78 75! 73 76
16 |455301-NYANMY V1AW S0Y. DAYATHA LAY mp-s 74 8 £5 70 74 75 74 83 78 74 72/ 79 64 52 80 74 74 £ 74 76 £6 67 76 70 82 76 72 75 75! 74 - 72
17 1 455301-NYANNY V1AW S0Y. DAYATHIHIUAY W.A-15 67 4 k<3 77 80 el ksl 78] 72 74 73§ 72 77 781 72 72 70 £7 64 70 &9 89 70 £9 67 74 73 £9 68 £5 6 71
18 | 455301-NFANMY LAWY ANY. 9.NFUTHUIUAT do-ts s o8 1 ECI s 74 e sl 7 s, 74 15 81 s7. 83l 78 77 ss 67 & o 7w ™ 7 7 7T 65 B
19 1455301-NFAMY VAU &NY. 9.NJATHIHIUAY A.A-15 70 7 € £ & 75 78 73] 70 70 £ 70 78 73 74 71 78 78 80 83 79 75! 73 71 &9 72 79 78 83 85 85 74
20 455301'"'“""'1 LW ANY. 9.NFATHIHIUAY #A-15 85 & 90 ~ ks k2 k3 72| 70 71 72 77 80 72, 77! 75! 70 £8 61 89 70, 66 71 &4 7 £9 75! 80 72! £9 72 73]
21 455301-NYAIMY V1AW ENY. DNYATMAIIUAY n.u-15 0 78 77 &2 78 75 68 64 £6 86 90 81 77 80 83 88 93 80 79 77 73 75, 89 80 77 75! 74 83 85 84 - 79
22 |455301-NYAUNMY V1AW A0Y. 9.AFUANHIHIUAT n.A-15 85 &7 91 8 8 8 & 78 88 85 85 80/ 77 73 72 87 3 - 2 - - 5 | | - & s 1 5 - - 83/
minumgazy :
staaent fidon (4ss301)
1 po1s2014)

ifou: (1234,5,678910,11,12)

evl



AIM3IaNgIgA(Tan)
WU

1 1455301-DFINNA U1IWT ANY. LOFUANWUHIUAT Un.-14 7 5 5 6 9 8 10 6 7 8 9 7 10 b 4 3 5
2 455301-DFAUNNI U1IWT ANY. LOFUANWUHIUAT nN-14 4 7 SI 8I 6 7 6 8 8 8 9 9 6 7 6 8 |
3 455301-NFAUANNA V19U ANY. LNFANNUNIUAG in-14 6 9 8 8 9 6 9 3 6 8 8 8 1 7 6 7 9
4 455301-NFUNNI U1IWT ANY. LOFUANWUHIUAT -4 10 8 6 7 8 5 8 8 8 7 8 9 8 8 9 7 6
5 455301-NFANNA V19U ANY. LNFANNUNIUAG WA.-14 9 4 9 T ki 6 7 = 8 9 3 7 7 8 8 7 8
6 435301-NFINNI U131 ANY. LNFANNUNIUAT fo-14 8 8 8 9 6 0 12 6 9 9 7 8 7 6 9 7 8
7 455301-NFINNG UI3U ANY. LNFANNUNIUAT n.n-14 7 8] 8[ 9 8 5 8 7 8 10 1D Sr 6 8 9 10 6
8 455301-NFINNG U19UT ANY. LNFANNUNIUAT o.n.-14 5 9 9 ki 8 8 7 3 8 7 7 9 7 7 6 6 8
9 455301-NFAUANNA U19WT ANY. DLNFANNUNIUAT N.8.-14 9 6 8 4 8 8 6 7 9 8 5 7 9 8 4 6 51
10 455301-NFAUNNA U1IWT ANY. LOFUANWUHIUAT An-14 5 9 8 2 6 7 8 7 6 7 7 3 6 6 4 4 3
11 455301-NFAUNNA LI9WT ADY. DLNFANNUHIUNG N-14 8 8 5 7 3 3 8 7 Hou 8 3 i) 6 2 6
12 1455301-NFINWA LIIWT ADY. LNFANNUHIUAT 5.0.-14 6 4 Sl 7 9 6 4 5 8 8 8 6 7 7 8 6 8
13 455301-NFUNWA LIIWT ADY. LNFANNUHIUAT 1A.-15 8 5 8 T 7 9 3 8 8 3 7 3 6 8 5 4 7
14 1455301-NFINWA L1IWT ADY. LNFANNUHIUNT N-15 8 7 9 6 8 8 8 8 6 6 9 6 8 5 7 6 -
15 4355301-NFINWA LW ADY. LNFANNUHIUAT in-1s 6 7 9 5 8 9 7 9 8 8 6 8 6 8 3 6 7
16 4355301-NFINWA LIIWT ADY. LNFANNUHIUAT -3 8 9 8 ™ 9 8 8 8 8 8 9 6 9 7 8 7
17 455301-NFINWA U131 ADY. LNFANNUHIUNT WA.-15 8 8 9 6 8 7 8 8 6 7 3] 9 9 10 8 9 8
18 455301-NFUNWA L1IWT ADY. LNFANNUHIUNT fa-15 8' 8 6 7 ) 6 7 4 6 7 8] 9 6 1 Sl 7 7
19 455301-NFINWA LTIWT ADY. LNFANNUHIUNT n.A-15 7 7 6 ki 8 8 8 7 10 8 7 7 5 7 4 7 5
20 455301-NFINWA UTIWT ADY. LNFANNUHIUAT a.n.-15 4 4 6 7 6 6 7 6 8 7 10 6 12 7 8 11 8
21 455301-NFINWA UTIWT ADY. L.NFANNUHIUAT n.8.-15 7 6 8 [3 3 ) ) 8 7 8 4 7 8 12 7 8 SI
22 455301-NFINNA UTIWT ADY. L.NFANNUHIUNT AA-15 5 4 5 4 7 4 7 -| i -l - i ki - o f -l
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