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Jantima Kampanya 2008: Assessment of the Leakage and Explosion Impacts of
Rectangular Fuel Storage Tank. Master of Engineering (Safety Engineering), Major
Field : Safety Engineering, Interdisciplinary Graduate Program. Thesis Advisor:

Assistant Professor Kandis Sudsakorn, Ph.D. 130 pages.

This study explores and assesses the impact of fuel oil leaks and explosions from
rectangular fuel oil stt;rage tanks. The Aloha program is used to evaluate the characteristics of
fuel oil dispersion. Marplot and Google Earth programs are used to estimate the boundaries of
dispersion by presenting as an electronic map. Information from the program will provide
impact assessments that can be used for emergency planning and determining safety zones. This
case study simulates diesel oil leaks from a fuel storage tank with a width of 2.3 meters, a length
of 5 meters and a height of 3 meters. The tank is filled at 90% of maximum capacity. The
storage temperature is 40 degree Celsius, and wind speed is 2 knots in a southerly direction. The

point of leakage is at the Sight Gauge that has a joint diameter of 3/4 inch.

The simulation found that the significant impacts from the leak will be firing and
explosion. If the scenario simulates leakage with firing and explosion, a BLEVE type explosion
will occur, and the impact and damage will be significant from heat radiation and explosion.
The BLEVE will create a fire ball of 446 meters in diameter. Heat radiation will cover and bum

a peripheral area of 548 meters.

In this study, the Marplot and Google Earth electronic mapping programs are very
useful in identifying the impact area effortlessly and rapidly. They are applicable to the

evaluation of emergency cases on the dispersion of toxic and explosive chemicals.
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MNA 5 MINTzeiveamsluanyus Puff Model
An: Joseph F.Louvar & B. Diane Louvar (1998)
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X,y Uas z (ma/mmmf)
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Qm = J2a (W)
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Heat Flux (kW/m2 ) Exposure Time (Sec)
1.74 60
2.33 40
2.9 30

4.73
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M519N 4 (719)

Heat Flux (kW/m2) Exposure Time (Sec)
6.94 9
9.46 6
11.67 4

fan: API (1997)
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@15199 6 Thermal radiation burn injury criteria

Radiation Intensity ( KW/m’ ) Time for Severe Pain(s) Time for 2" Degree Burn(s)

1 115 663
2 45 187
3 27 92

4 18 57
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M50 6 (719)

Radiation Intensity ( KW/ m )  Time for Severe Pain(s) Time for 2™ Degree Burn(s)

5 13 40
6 11 30
8 7 20
10 5 14
12 4 11

#31: Aloha Manual (2007)
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2.2 M35 laupunguruenme 17 1 (Flamable Vapor Cloud)
2.3 MINAMITLIUALUY Vapor Cloud Explosion (Overpressure Blast Force)
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1.1 M35 1va lunsainluda I (Toxic Area of Vapor Cloud)
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B Toxic Threat Zone

Model Run: Gaussian

Red : 14 meters --- (500 mg/ (cu m) = TEEL-3)

Note: Threat zone was not drawn because effectzs of near-field patchiness
make dispersion predicticns less reliable for short distances.

Orange: 14 meters —-- (100 mg/ (cu m) = TEEL-2)

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

Yellow: 14 meters —--- (100 mg/ (cu m) = TEEL-1)

Note: Threat zone was not drawn becausze effects of near-field patchiness
make disgperszion predictions less reliable for short distances.
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1.2 mﬁﬂwmmnﬂ’cjuwnmﬁvw ( Flammable Area of Vapor Cloud)

a d 2] ¢ A o : o : %
Gluﬂﬁlﬂﬂ!,ﬁ'ﬂﬂﬁﬂ!ﬂ'e]iJ1"i3J’l3]ﬂﬂ1%“§\1lﬂﬂﬁ]1ﬂﬂﬁiﬁulﬂﬁﬂlﬂﬁuWNuL!ﬁgklfJUWNu
= ! a o Y a A £ 9 v
ﬂLG]faLLW‘iﬂi%iﬂﬁlhlﬂﬂnJﬂﬁ‘VINﬂiJ Qﬂ“V]ﬂ‘l"iLﬂﬂﬂW‘iL%ﬂﬂNﬁ\ﬂﬂﬂ@WﬂWﬁ PIISLVTUITINAINDY
1 4] :? a o o w ~ o A
NANNNBNNITU Iﬂﬁllﬂiuﬂiﬁ@ﬂ ﬂ'UJTiﬂ‘]Ji%LﬂJ‘L!ﬂﬁi’Jllﬁﬁfmﬂﬂﬂ 1 “]ﬂjiN LHBIIN
A a ' ) a < = A A v o
JEYLINNNUNIN 1 ‘If’ﬂll\i namaazaNNGIzIMslasunlag Iﬂﬂuﬂﬂﬁ'lﬂﬁﬁ’)llﬂa
1 A A A [ 1 ~ a M a v [ 1
HUUABIUDURAYN 120 NTUADUIN l]iiﬂﬂ!ﬂﬁi?llﬁﬁﬁ’nl 3.61 ﬂT’ﬂﬂiiJ m"lwa!,ﬂuum
j’ a A Yy 1 4 £ ) Y a ' 2]
NIZIYUUNUADUNTANVUIALTUNIFTUINAN 28 mmsm%‘nﬂmnaﬂqwuaﬂmm"hllw

¢ & A a
NIZIININUNINALYE

I Flammable Threat Zone

Threat Modeled: Flammabkle Area of Vapor Cleoud

Model Run: Gaussian

Red : 14 meters --- (7,800 ppm = 60% LEL = Flame Pockets)

Note: Threat zonse was nhot drawn because sffects of near-field patchiness
make dispersion predictions less reliable for short distances.

Yellow: 14 meters --- (1,300 ppm = 10% LEL)

Note: Threat zone was not drawn because effectz of near-field patchiness
make dispersion predictions less reliable for short distances.
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1.3 ﬂsﬁzﬁﬁmﬁmmﬂéwmﬂms"h"lw (Vapor Cloud Explosion Overpressure Blast

Force )
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I Overpressure (Blast Force) Threat Zone

Threat Modeled: Overpressure (blast force) from vapor cloud euxplosion
Type of Ignition: ignited by spark or flame

Level of Congestion: congested

Model Run: Gaussian

No explosion: no part of the cloud is above the LEL at any time
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1.4 msnamad vl uagsziiaui Pool Fire (Thermal Radiation from Pool Fire)
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D >= 2.0 kW/ (sq m) = pain within &0 sec
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1.5 Myszdauuuual (BLEVE: Boiling Liquid Evaporating Vapor Explosion)
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Start address £.q., "SFO End address £.q., "94526

GO Ogle 13.7467275423,100. 574241749 (a5 2

Maps Searchthe map  Find businesses

J Search Resulis_l W@

[ Avoid highways Get reverse directions
Fom  "jasuma” B
Phetchaburi Edi

(=) Drive: 4.0 km - about 7 mins

1 Head west on Phetchaburi toward 1 1km
Phetchaburi 38/1

2. Make a U-turn 23 km
3 Tum left at Phetchaburi 47 02km
4. Tumn leftto stay on Phetchaburi 47 Mm
5. Tun right to stay on Phetchaburi 47 0.2 km
6. Tum left to stay on Phetchaburi 47 0.2 km
I Tum right at Phetchaburi 47 Yaek8 54 m

Io R THRIER T ¥
Unknown road Edit

km | mies
Add destination

These directions are for planning purposes only. You may
find that construction projects, traffic, or other s may
cause road conditions to differ from the map results.

Map data E2008 AND, Tele Atlas
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Start address &g, "5F0 End address e.g., 94526

Googl.e |13 7467275423 100.574241749 ("Q_ﬂ| b4 ‘13,753099935,100,570308319 ("T.i‘ [ Get Directions
Waps Searchthe map  Find businesses | Get directions

Search Results | | My Maps

nt (<) Send & Link to this page

[ Avoid highways Get reverse directions
From:  "yasiuma” [
Phetchaburi Edit
(=) Drive: 2.2 km - about 5 ming
1. Head west on Phetchaburi toward 11km g
Phetchaburi 38/1
2. Make a Uturn 05km
3. Tum left at Phet Uthai 0.5km
4. Tumn right at Rama X 88m
5. Tumn left at Saeng Chaem 12m {
6. Continue on Rong Phayaban Phra Bm K
Ram 9
To "samminanszsmd” [
Rong Phayaban Phra Ram 9 Edit

i | mies 8
Add destination
These directions are for planning purposes only. You may find

that construction projects, traffic, or other events may cause
road conditions to differ from the map results.

Nap data 2008 AND, Teke Atlas
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3.1.3 dumanagzszezinaningasiuwa l Isanenanao i

[ Start address e.q., "SF0 End address e.q., "94526
8 e ‘13 TAGT2T5423.100.574241749 (" 'u‘ |13 T4226572,100.594281821 "l.'sa| [ Get Directions l
Mapa

Search the map ~ Find businesses | Get directions
Search Results | | My Maps

[JAvoid highways Get reverse directions
From:  "3msumwa” X &
Phetchaburi Edit "1
(=) Drive: 5.3 km - about 7 mins

1. Head west on Phetchaburi toward 11km
Phetchaburi 38/1

2. Make a Uturn 36km
3. Slight left to stay on Phetchaburi 29m
4. Slight left to stay on Phetchaburi 0.6 km
To: "lsangninannaeéu” Xy
Phetchaburi it [

km | mies
Add destination ...
These directions are for planning purposes only. You may find

that construction projects, traffic, or other events may cause
road conditions to differ from the map

Map data @2008 AND, Tele Atlas
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Start address g, "5F0 End address e.g, "34525

gle \37457275:123100 5T4241749 ("% 2213 7428641004, 100.594926051 (1 [ Gt Directions
Maps

Search theniag—Find businesses | Get directions
J Search Results | | My Masz

[T Avoid highways Get reverse directions
From:  "yasmuma” X
Phetchaburi Edi
[=) Drive: 45km—sbout6mins [
1. Head west on Phetchaburi toward 11km
Phetchaburi 38/1
2 Make a Uturn 34 km
To: “lsansnamssn” X
Phetchaburi Edt

kmlL\ES‘

Add destination ...

These directions are for planning purposes only. You may find
that construction projects, traffic, or other events may cause
road condtions o differ from the map results

Map data ©2008 AND, Tele Atias
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3.1.5 @umaagszeznainingasiuna 1 Tsawennamiiibon

Start address e.g., "SFO End address e.0., “94526

Google ‘13.7457275423,100.574241749 (”au‘ 2 ‘13.739350763,{0[;.5\83523796 ["Ts| [ Get Directions

Maps Searchthe map  Find businesses | Get directions
Search Results | | My Maps (@ Print B4 Send & Link to this page
A " g y Ne v ; b
[]Avoid highways Gel reverse directions ?
From:  "jasmuma” X
Phetchaburi Edt
=) Drive: 3.0 km - about 7 mins

1. Head west on Phetchaburi toward (0.1 km
Phetchaburi 3811

2. Tum left at Phetchaburi 381 0.5km
3. Continue on Sukhumvit 39 2m
4 Tum right to stay on Sukhumvit33 0 7km
5. Tum left at Sukhumvit 49111 0.6 km ] 4 i
6. Continue on Sukhumvit 49/6 0.2 km I
7. Tum left at To Sak 0.4 km
8. Tumn right at Theng Lo 25 0.3km
9. Tum left to stay en Thong Lo 25 59m
, To: “sananamindou” &

Thong Lo 25 Edi

km | mies

Add destination ... |

These directions are for planning purposes only. You may
find that construction projects, traffic, or other events

4' = 9 a A
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1 Qy ad Y 9 <
%']ﬂﬂ']Wﬁ 26 TﬂillﬂiNQLﬂﬁ 1035 LAAUTUNNNTDNINAUIARUIINGA
{ a a a 4 3 a
'i'JﬂJWﬁ"UENﬁﬂTLIﬁ!ﬂﬂlﬁﬂ"lﬂiiﬂWfJT]ﬂﬁﬂTMLaﬂu ﬂTNLﬁHﬂNﬂTilﬂuiﬂﬂu@ W%}@Nﬂﬂﬂﬂﬂﬂﬂ
s 9 g ' Y 1 2 a 9 a
NNWNIT DYIFY Lﬁﬂ')ﬂl')']tma%ﬂﬂ"lﬂﬂfﬂ\‘lﬁglﬂﬂﬂ FINTLYSNN 3 ﬂIﬁLllﬂ'i °lm3mmumq 7

=
HUIN



66

3.2 idunanazszezna1nn lsaweialndifesniyasumavesdnuiinaig
3.2.1 duMaNagszezIa1nIn 15ane1NangunnIIngasIuwa

&.0., "10 market st san francisco” or "hotels near lax’

Google | ‘ [ Search Maps Show search options

Maps

Search the map | Find businesses  Get directions

‘Search Resulfs| My Maps & Print (9 Send & Link to this page
T 7 R — 5

[ Avoid highways Get reverse directions | Mep | satelite ‘
Erom:  “sememnangaum” (] oy & B
Unknown road £t

=) Drive: 2.9 km - about 6 ming
1 Head south toward Phetchaburi 47 54 m
2. Tum left at Phetchaburi 47 0.2km
3. Tum right to stay on Phetchaburi 47 0.2 km
4. Tumn left to stay on Phetchaburi 47~ 51m
5. Turn right to stay on Phetchaburi 47 0.2 km

6. Turn left at Phetchaburi 06km 4
1. Make a Uturn 1.7km
’ To "jasuma’ X
Phetchaburi Edi
km | mies

Add destination ...

These directions are for planning purposes only. You may
find that construction projects, traffic, or other 3 may
cause road conditions to differ from the map results

Iap data ©2008 AND, Tele Atlas
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322 m?')‘l‘!‘ﬂ'lxm,azizEI$L’)ﬁ'ﬁ]']ﬂIiQW811J'I'€1Wi$§'ISJLT21}'I§J'Iﬁ§ﬂ‘J’JiJWﬁ

Web Images Maps News Shopping Gmail more v Saved Locations | Sign in | Help

[ Start address e g “SFO' End address g, "94526
0 8 (¢ 13753099936, 100 670808319 ('&#]| 2 13 7467275423, 100 574241749 ('€ _Get Directions |
Maps Search the map ~ Find businesses | Get directions
Search Results | | My Maps

A~
[ Avoid highways Cet reverse directions
From:  "isemgmnanszsiug” ¥l

Rong Phayaban PhraRam 9 g4¢

=) Drive: 6.1 km - about 8 mins

1. Head south on Rong Phayaban 0.1km
Phra Ram 9 toward Rama 1X

2. Tum left at Rama X 0.9 km

3. Slight left to stay on Rama IX 0.8 km

4. Slight right to stay on Rama IX 0.9km

5 Tum right at Thanon Pradist 2m
Manudharm

& Continue on Prasoet Manu Kit 11km

1. Take the ramp onto Phetchaburi 2.2 km

To: "Jasuma” X
Phetchaburi Edit

km | mies

Add destination ...

These directions are for planning purposes (ou may
find that construction projects, traffic, or o s may
cause road conditions to differ from the m:

Man fata EPIN% ANN Tele Alsa L

MNA 28 'i"lfJﬁglaﬂﬂligf}uﬂ1ﬂ!£ﬁ$i$ﬂ$t’)ﬁ1§]1ﬂjiﬂwﬂ?ﬂ?ﬁWiZi"ﬂJlfgﬁiﬂﬂqﬂi’JMWﬁ
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323 Lé'ummazﬁzﬂznammTNWmmaﬂamﬁumﬁqmmwa

Start address £, "SFO" End address &.5., 94526

Google ‘13.74228572,10[].594281821 [‘“’Lm|2‘13.?4672?5423,1[]U_574241749 (":H Get Directions
Maps Searchthe map ~ Find businesses | Get directions

|—Senrch Results‘ ‘ Iy Maps Print (0 Send @ Link to this page
= L e i g - b 4 1 = 3 AR )
[ Avaid highways Get reverse directions Ll S . $ 7 . ¥ e 110 ] -
From:  "Tsewzmnanaaodu” X o= T ; \ ] s S f 1
Phetchaburi £t
[=) Drive: 2.2 km - about 3 mins
1. Head west on Phetchaburi 2.2km
To: "Jasiuma’ X
Phetchaburi Edit
km | s
Add destination ...

These directions are for planning purposes only. You may find
that construction projects, traffic, or other

road conditons to differ from the map resuts

itap data ©2008 AND, Tele Atlss
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l Start address £.g., "5F0 End address e.q., "94528
8 e ‘13 7428641004, 100.594926051 'Ti| |13 T467275423,100.674241749 (" ‘ [ Get Directions
Map;

Searchthe map  Find businesses | Get directions
Search Results | = My Maps

[ Avoid highways Get reverse directions

’ From:  “fsamenunamzsng” X
Phetchaburi Edi

[=) Drive: 3.0 km - about 4 mins

1. Head east on Phetchaburi 0.2 km

2. Slight left to stay on Phetchaburi 2m

3 Slight left to stay on Phetchaburi 28km

’ o "jesuma” X
Phetchaburi Edi

km | miles 4

Add destination .

These directions are for planning purposes enly. You may find
that construction projects, traffic, or other events may cause
road conditions to differ from the map results.

Map data @2008 AND, Tele Atlas
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Start address .0, "SFO End address £.9., "94526
8 C (12 729350783, 10 283523798 (] 2 12 7467275423 100 £74241749 ' [ G Divectons |
M'\,p

Search the map  Find businesses | Get directions
| Search Resulis_‘ ‘ My MF‘

Print (=) Send @ Link to this page
Y T

[ Avoid highways Get reverse directions

, From:  "Tsewemnaamidau” ] j
Thong Lo 25 it
[=) Drive: 2.3 km — about 4 mins
1 Head west on Thong Lo 25 0.1km
2. Tumn left to stay on Thong Lo 25 02km
3. Tum left at Sukhumvit 55 0.7Tkm | j
4 Tum left at Phetchaburi 13 km r
Ta: "Jasmma’ &
Phetchaburi Edi | g
km | miss ol

Add destination ...

These directions are for planning purposes only. You may find
ihat construction projects, traffic, or ts may cause
road conditions to differ from the map resutts.

Map data §2008 AND, Tele Atlas
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331 @umaagszeznannagnidaumasnz nnyaname

Start address £.g., "SFO’

End address 2.0

94525
Google ‘13.7496505637,100.592962152 ("m‘ 4 ‘13.7456575682,100.573946961 ("(| [ Get Directions

Maps

Search Results | | My Maps

[ Avoid highways Get reverse directions
' From:  “geniidumaanncl” X
Prasoet Manu Kit Edit
(=) Diive: 3.2 km - about 4 mins
1. Head south on Prasoet Manu Kit 0.9km [
2. Take the ramp onto Phetchaburi 2.2km
3. Tum left 0.1km
' To: il Tank" X
Unknown road Edit
km | mies

Add destination ..

These directions are for planning purposes only. You may find |

that construction projects, traffic, or other events may cause
road conditions to differ from the map resutts.

Map data E2008 AND, Tele Atlas

Search the map ~ Find businesses | Get directions
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Start address = 0, "SF0’ End address = g "94526

Google |13.7605129368.100.529042423 ("a||2|13.?’458575662.100.573948951 ("(H Get Directions
Maps Search the map  Find businesses | Get directions

| Search Results | | My Maps

rint (9 Send &2

Link to this page

[ Saeite | Teran_

[l Avoid highways Get reverse directions
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Ramkhamhaeng Edt, 8

(=) Drive: 7.9 km - ahout 10 mins

1. Head west on Ramkhamhaeng toward 3.1 km

Ramkhamhaeng 24/3

2. Tum right at Rama IX 0.7 km

3. Slight right to stay on Rama IX 0.5 km

4 Tum left at Prasoet Manu Kit 12km

5. Take the ramp onto Phetchaburi 2.2km (i

6. Tum left 0.1 km

' Io "Oil Tank" X
Unknown road Edt

km | mies
Add destination .

These directions are for planning pury ¥ou may find
that construction projects, traffic, or of may cause
road conditions to differ from the map

Wap data ©2008 AND, Tele Atlas
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Maps Searchthemap  Find businesses | Get directions
Search Results | | My Maps rint B4 Send @@M@_
A 1
[CAvoid highways Get reverse directions
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Unknown road Edi
(5 Drive: 8.9 km — about 12 mins
1. Head southwest toward Sukhumvit 9m
2. Tum left at Sukhumvit 0.7km
3 Make a U-turn at Sukhumvit 54 05km
4. Tum left at Sukhumvit 50 0.3km
5. Sharp right to merge onto Chalong 35 km  ~
Rat Expy
Partial toll road
6. Take exit North 301 toward 0.5km
Phatthanakan
7. Tum left at Phatthanakan Zm
& Continue on Phetchaburi 33km
To: "Jas3uma’ X
Phetchaburi Edi
km | mies — @
Add destination .
These directions are for planning purposes only. You may %)
find that ranatructinn nraiertz fraffic ar nthe it =
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l Start address £.0., "SFO' End address ¢.g., "94526
008 e ‘13.7755863:122,1UU.57042M08 [”m‘Z|13.7455575582,1UU.573546951 ("[” Get Directions I
Maps Search the map ~ Find b Get directi

Search Results | | My Maps

Print (< Send ®# Link o this page

[ Avoid highways Get reverse diractions p tellite
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Pracha Songkhro 36 Edt

(=) Drive: 8.9 km - about 14 mins

1. Head south on Pracha Songkhro 36 70 m
toward Pracha Songkhro 32

2 Tumn left at Niam Uthit 03 km
3. Tum left at Ratchadaphisek 03 km
4. Slight left to stay on Tm
Ratchadaphisek i
& Make a U-turn 27 km !
B. Continue on Thanon Asok-Din 0.8 km
Daeng
1. Tum left at Phetchaburi 29km
8. Make a U-turn 1.7 km
9. Tum left 0.1 km
To "Oil Tank" K
Unknawn road Edt

km | mies
Add destination ...

MW 35 rwaziBealdunaezszeznMINENHa UGS IsYINIgAINANIe
A 2 av¢ Y v oa ~
INNINN 35 Tﬂmﬂ‘mqma P37 UTAUTUNNIDAVNAINTD U
o a a a 4 3 o Y 1
ﬂU!WﬁQﬁ?ﬂﬂlﬁNNTﬂﬂlﬂﬂlﬂﬂ ﬁ'lillﬁ?f}u‘ﬂ'l\‘lﬂ'lﬁlﬂuiﬂﬂuﬂ W%}ﬂllcﬂ\‘]‘ﬂf]ﬂ‘gﬂﬂa‘ﬂﬁﬂ Lﬁmcfhmm

9 1 = ;ﬁ! a a 9 a =
agﬂqﬂllﬂ@ﬂ"lﬂﬁglﬂﬂﬂ FITINTSYLNITIAUN 8.9 nlawas 1#anaunie 14 win

d' A v a Y A = a
M1319N 15 SzEI$‘V]'NLlﬁzL’Jﬁ’lfl]'lﬂﬁi‘l'I‘Llﬂ‘l_lL‘Wﬁﬂﬂmﬂ&lﬂiﬂﬂﬂﬂmﬂﬂmq

amHALINAS szezma (Alamns) szaznal (11N)
v19ne 3.2 4
WINUIN 7.9 10
nsg Tuug 8.9 12

RILRRN 8.9 14




75

v
o w

4 wwamamsilesiuuazaannuguusainannmsslvavesiiiudiaa

a wAa o a o a v oy Y Y]
msinagiameguazihliinanmss lvanazsziiavesdunuiiiudmalusuiina

NIgNUABTINVBININOU uazlinansznuaeuTEnluduaeg wu hldgadons

a [ a [ L4 4
TrusmsgnAuazanmmsuastunegsne anugapdediunmanysivedesans Tunsdl
= ] A A Aaa @ A <3 3 o Y aov 9 a0 9
UMIARUNTEEFInveINInIUNIoARa laNay ArzihlnuTEnAsudsmyare i
AN Yo < A A Aa 3 = a a o
n1a5umany wiededia sounadianuEannguuslszuIaIE eI

9

msdamsauanuasanslumsilesiunazaanansznuvesgiameiiudma

q

b

o v o Y o
2 lnanndunuansanila dail
4.1 asmsluFamsiloanu

M39ANT 10 IAgeIfenannINIIAINTIN LagMIUIHITIANI NI
a A < @ Il 91:1 O A v a
Uszansam Tesaunsoagidunuamalumstlosiulildihdudmanegludunumams

v v Y v
2 lvavonu vToaalomamsnmiinnuazdudadu levhniufa Tomansznamssziia

4
v A

v < 2’ v A
yosnunuiniudma lagail
[ o
41.1 m3lsvlyvuirumsesnuuutazgilngal

MITaMItlesnumananansznufumiinau IngoderannIsnia
a Yo o oy o zﬂy a = d 9 =\ o
FenssylumsesnuuyInardunuribudomasmdignsaianigg asslinanuilasanylu
v v Y v
M3t tazaaransznuaewinaulunsdintigiamaeaie Feezdewuhnwaduaoums
v g} o dy a A A o a 9 Y do = a
ponuuUduNU T aINas sooauiumsldau luudndiaansafnumaz sz

[ Y v
Aanudssuestunouliina mithgesne tagimsaannudesssainann'ia
o v U g} o
0. gUnsalluvudrumsdany uazdeseiniu

o a g’ o v < g’ Y] ] [
gunsal luyurumaauihiuasaasduiy manuiiuluduazd

Y ] 1R H 3
erhiiu lilinTesduiia lWihuazgunsaifheadesaieg #liTemarldinamssi lvaves



76

9y
%

o = <3 Yy J " e A < o A Y
HIYUALED ﬂﬂ?iﬁ]f]ﬂllfﬂ'ﬂiﬂl@ﬂﬂimlfﬂa1uuﬂﬂ’J'INLL"INLL5\HJHﬂQ LW@ﬁ@QﬂuLlagﬁﬂ

1 @ a va ] v oal o { a { a
Wﬁﬂi%ﬂﬂﬁﬁ)wuﬂ\ﬂué}ﬂj‘]ﬂﬁxﬂu IFU ﬂTﬁ'E'J’E)ﬂLLUUﬂﬂlﬂﬂuWﬁJuL%@LWﬁﬁlWﬁﬂﬁuﬂu e
A a 09.:’ v v a oy % :JI 1 {d o oal o { a v o 1
’J%fn'H'GlﬂG]\Wl’Jfl\1Lﬂ‘]J1.!13J°L!ﬂ%ﬁ@ﬂﬁﬁ@giumﬁ]ﬁﬂWHﬁmUﬁﬂHWHWﬂJuL%fJLWﬁ\‘] uazwmmﬁmag

1 o & o g’ o { a 1 1 1 2’ t%
‘ﬁ'Ni]Tﬂﬁi‘lWHﬁﬁ]ﬂLﬂﬂiﬂHWUWNuL%ﬂLWﬁQhliJ‘Iflf’f)Elﬂ’ﬂ 31UAT 5’3115@ﬂ1‘if]@ﬂLL‘]J‘]Ji%UU‘ﬂfJL!HJL!

'
[ =

dy a 4 Qy a a) 3 Ao 1 A [ o = 9 I A A 9
FoInas 1a7 autla-Ua ﬂﬁzmumagimwu ﬁi@ﬁﬁﬂﬂﬂﬁ)ﬂﬂuﬂﬁi’lcﬁu doutlurianly

q

Y Y Y [
nuihdudomas laammz uaz lidlgnsernuiniudira minauuaduneiFoudouaas
o'/ 1 = d‘ o a a ng d a 4‘ = a
"’U‘U'Juﬂ1§ﬂu‘ﬂﬁgﬂx‘lﬁ\ﬂﬂﬂ\ﬂﬂﬁ’l’]\iﬂ"lluﬂvlwﬁ'] L!a$ﬂ'lﬁ@]ﬂﬁ\?@‘ﬂﬂﬁﬂlﬂ@ﬁ?ﬂﬂulll'ﬂllﬂ’lﬁmm
oy % v g oy % g a o’/’ { 1 J o A a o’/’
umummmuumm%mm VlﬂﬁﬂﬂﬁﬂaWQMTﬁé}Jﬂﬂﬁaﬂ‘Hm$LLa$3%ﬂ1§ﬁﬂ@Q@'lllll"lﬁiﬁ']u

4 {3 o oy o g a
HAZNHNISNTN ﬁ’f)\‘] ﬁmuﬁmmﬂmumm%mm W.f1. 2551

4 o @ 3’ o 9 v 9 ] v 1 4
’q‘ﬂﬂimmaﬁnmzﬂuumumNmmumﬂmtmﬁﬂﬂwuazq‘ﬂﬂim

<3 Y 31 o 9 = Y a A v o
]1‘1/1‘1711@5’Jﬁ]!“lfﬂizﬂﬂﬂﬁﬂ!ﬁﬂﬂﬂi%‘ﬂ‘ﬂ‘ﬂﬂﬂﬂ‘L!ﬂ1ilﬂﬂﬂ§$ﬂ18l11/\| AITUNITODNLUUULUASIAN

9 9
o o A

szuumstlesiuihrmasgdainiusomaslid 1damnas g1 191 NFPA780 (Standard for the

u

. . . . . & ¢ 1 A ~ P
Installation of Lightning Protection Systems 1997 edition) ¢ Qqﬂﬂi mmmuuiamﬁmﬂﬂsm%

o a ay ¥ 9 = ) [ 1 o
‘V]N'l‘LlNﬂ‘]Jﬂﬁulﬂiﬂﬂ @IE]\“I?Jﬂ'IiG]53%ﬁ®ﬂllﬁ$ﬂ1§\ﬁﬂ‘hﬂﬂQL‘IJH’]J?%%'I

1 Y Y 1
v, szuutlesumssa lvauns nszassihiufsaoonanium

v A

] [l 9/3’ v o a 1 o ~
mstloenu lildminiudalududy Manansznuaowiinaiulunsdl

{ a o v o 3 a v & y o & g’ o { o
‘ﬁlﬂﬂﬂWii')llﬁa@ﬂﬂinﬂfNLﬂU ﬂ’Jﬁﬁ%}NﬂWLLW\?ﬂui@ﬂﬂﬁnﬂ!ﬂ\uﬂﬂ LﬁﬂﬂﬂLﬂUHWNu‘ﬁﬁﬁqﬂﬁ

Y
o w

Y = 3 Ao A 1 v v @ 1 o w 1
9NN u,awmmzuuﬂu@,ﬂumumﬂwa LW@ﬁQlliJENQQWﬂ i@ﬁ'\‘lhlﬂﬂmﬂﬂwuaﬂﬂiﬂﬁgﬂ

Y 1
o L=

= o > M 9 @ @ [ @
’J‘ﬁ@lﬂllﬂ ﬂ13mﬂmmmﬂuﬁﬂumumﬂwaaamJ1%1%13ammmmmaﬂuumﬂum

[

= J A o o
augulumalanaimsedailuiianu
-2 3 U S o
a. szuutlesiuuazsziudanne

a d'ogj} v oy % 49’ a 9 Y] YA 3 [ %
Uil?ﬂ!ﬂﬁﬁﬂ\‘llﬂﬂuﬁJuWﬂLwaﬂﬂZ@]’ﬂ\ﬁ]ﬂﬁlﬂMQﬂﬂiﬂ!ﬂ@ﬂﬂulm%i%ﬂ‘ﬂ

[

] J Y
AnNY LﬁﬂaﬂjﬂﬂTﬁLﬂﬂﬂTﬁ%ﬂqﬂa LLWiﬂ3$%18ﬂlﬂﬂllﬂ‘llﬂﬂﬂ1ﬁual°ﬁa Lmzmmwaﬂwﬁuazﬁ’q

9
v A

Yo ¥ £ Y a A R ¥
]’lﬂ UAITUIDU "lfx‘lﬁﬂﬂﬁsl,ﬁ!,ﬂﬂﬂﬁizlﬂﬂﬂlﬂﬁﬂﬂllﬂﬂﬂu



77

1) nawlulsualidesndn 200 ans wazansariunldldazain

A [ a a 4 o "9 1 [
2) Lﬂﬁﬁ)\‘lﬂ‘uLWﬁQ‘BHﬂIWNﬂJHWﬂUiﬁ! 15 doia mmulluuaaﬂ'n 2N

Y H
=~ o A

S g o g o &
3) sTUVUUIMaDU W?ﬂ1/?'Jﬂﬂ1.!TﬂﬁWNTﬁﬂWﬁ@LSHIﬂUi@UQQ!ﬂU
Y

[l Y
hiuAaieaamiszidavesd Ui U
1. dninanuuaziiulanil

g % 9 %
oanntiu landl vl nseengamonintiulanii lWveserms

o 3mwyc¢§'yi ad!ddyd'd'd A Yo o
dninau asegAaanudunuihiudomas suilununndianuidesons A5UoUATI8910

o g’ &Y dil a v & @ Y R Y a 9/
M35 lnaihfudemas AuiuasoeniuuA101n1s 1ENUATIdANTouINWAS Tnd)

Y ~ Y 1 dy A A o A v o w

nazoenuuudumanil Il liegvienniiuiides wiinauneglueasdninauawnsa

Y [
E]‘WEJW?J'E]ﬂiJ'l]l@’I?JfJ'Nﬂﬁ@ﬂﬂEJ

a :JI t4 @ g’ v A A 1 v & g’ o da' a
4.1.2 Gmmqﬂﬂ‘imm’mimmi"lwaumummaﬂagslummuumuwa!fwm

4
a % [

L4 g’ % { a = o
ﬂ’Ji@lﬂﬁQQﬂﬂ‘iﬂ!ﬁ‘i3%%Uﬂ1§1ﬁﬁﬂlﬂiﬂ1ﬂﬂl‘dﬁﬂlwaﬁ “ri'WﬂiJﬂﬁ‘i’JllWa

v Yo A

Y A A t4 o 1 (% 1
igﬂﬂﬁ]gllﬁ]\?m@uqﬂ‘(’J\?IZJ?‘]JN@%@‘U?%UU LL@LH@QﬂWﬂQﬂﬂﬁm@ﬁ?ﬁ]fﬂﬂﬁjuﬁlﬁﬂluﬂﬂfDZﬁﬁ
o A oaj A 1= v a d? g aa.z‘ = A 1w 4 @ 1 dy
AUUIUADUNIG ‘VlthﬁJﬂ']ﬁﬁ'JLﬂﬂ‘Uu ﬂ\‘]uufﬂ\‘lﬂﬁﬁL‘;D"ﬂilﬁi’]ﬁﬂ]ufg']ﬂ!ﬂ?ﬂ@‘ﬂﬂﬁﬂ!ﬁijﬂfﬂﬂlﬂﬁ'lu
Y d’d [ [l o o‘/ [ 1 dy [ d‘ [ d‘

"lﬂwmmumm?uwummagﬂizmmaﬂ 24 G]f'ﬂiN (WUﬂ\‘]'ll!Lﬁﬁ']l!ﬂ%WﬁﬂlﬂafJuﬂu!’Wﬂ

a a o A Y o Y 14
pon liliduasnaouuTnu lasseueia1snn 9 %1 Tus) e ldwiinauludesniuguld
AT

9 o A Y @ 9 @ a
ANNYNADIVDITRY Y1 Tﬂﬂle‘]ﬂ’J"ﬂJﬂﬁ@ﬂﬂﬂ“ﬂ@ﬂWHfN”I‘L! ﬂ?ﬁﬁ?ﬂﬁu”lﬂ’]ﬂ‘ﬂﬂﬂﬂu“]fuﬂmll

v
Wﬁ"l (ﬂﬂﬂ@ﬂﬁﬂi%ﬂﬂﬁmiﬁ] Haza) ﬂﬂu%]@ﬂllﬂu@ﬂﬂ"lﬂﬁ
A 4 o Ao o
413 LWllﬂT5&3]'5’Ji]ﬁ?)‘]JQ‘]Jﬂiﬂ!ﬂ’J"liJﬂﬁ’f)ﬂﬂﬂ‘ﬂﬁW 2]

v
o 4 v 1 o
fli%‘]J‘]Jﬂ'li@]i’Ji]ﬁ@“UﬂWS‘I/H\‘ﬂuGU’ENQ“]Jﬂimﬂﬂ]'lllﬂﬁ'i]ﬂﬂEJG]N il mﬂu

a éu @ g a 1o 4 v Y 1 g’ % § a 4 o A
ﬂ53“]J’J‘LlﬂﬁLG]iJ“LJHJHL%E]LWﬁQQﬂQLﬂ‘U ﬂﬁi]mﬂ‘ﬂcl‘lmil mimumm%mwaﬂﬂm?mmu,u@



78

A oA { 4 o '

Tuih Taeiusrensginsaindesasiaden uazmsasivaeuingnass e Ity lelda

L4 @ ! 09.1’ Yo o Y 9
ginsainnuilasadamaniuldsumsqua vazamnsahinnldeds gnaes Taamme

st 4 &4 oqua M o @ & A s v o
ginsainfianudesnaziIiinans s Ivaveuiniusemas wu gilnsainsrviaszay
g’ o dy a o A v o 4 v w1 <Y Yo
iuremas uazgnssiifoudsniey saunginsailesdussdiuyanandodldsuns

o A Y ¥ ] Y
ATIVFTOUNITNINIU LW@iﬁWiﬂNi%QWHVlﬂﬁﬁﬂﬂwﬁW
o c’o‘/ 1 oy o
4.14 ﬂ"liﬂﬁ’Jﬂﬂ"f)‘Ufﬂi°I/INTL!‘IJ?J\1Qﬂﬂﬁﬂ!ﬂ?ulﬂﬁluﬂlﬂiuﬂTiﬁﬂunJu

o g a I~
&’aqﬁizwmmsa%ﬁaumsmqmmmqﬂﬂmmqq TuvIumsay 1Ny
U oy U dy a U 1l d‘ ) 9 1 =} a A 1a
uazmaumuwamammgiuamwwmmm‘wmu"lﬂammﬂizﬁmmw waz lunams
AI18THINIMITINNU T omnamaunRanatn Iagdsaiimasiaaauaitauonl

FzezNANHIE ALY
o o o
415 WAITIUMTINNULAZTUABUNITTIINU

Y H H
Hmsimuamshauuazduasumsiinuvesninauidgianinlu

v
Aunleaen egnazidoa astimstlesiudliinamaszita uazgnaa Iaedainiufe

wg’wy
1

v o o { a ]
Iﬂﬂﬁ]ﬂﬂnlag‘ﬂﬂ‘ﬂﬁuﬁgﬂﬂﬂTﬁGIi'Ji]ﬁ’t']°Ufﬂiﬂ1@1”ﬁﬁﬂﬁ$ﬂ181ﬂ1uﬂilﬁma1uLﬂUi‘l\?’HTiJu “

= a A = d' a o‘/ g‘ = = L) 4' Y

Hlszansnmlumsasiveaoy saummam@mﬁ3ammumummameqmm@im el
[} a vAa 9 1 [} 1 = d! 1 1 [ aa

wummmmmﬂguﬂqm"lﬂmummgmammumm Frzawwanonnulasanaluiia

v A
Hasningauy
4.1.6 FLUUMIATINTOUMININIUVOINTNNIU

o Yy o | A g ldy Y
ﬂ?iﬁ]ﬂi‘l’iﬂi%ﬂﬂﬂﬁ@]i?ﬁ]ﬁ@ﬂfﬂi‘VIN11.!5]1ﬂﬂu’lﬂﬁuﬂlﬂuﬂﬁ”lﬂllﬁﬂluﬂﬂ
dy Aa 9 A a wva a va 9 9
WHVWILEIJ”I“L]JGI?TH]C‘T’O‘]J L‘Wﬂﬁﬁ’ﬁ]ﬁi’)‘uﬂﬁ‘]J;]‘]J@N”I‘L!NW]?:@"IUﬂﬁ‘]JQ‘UGN"IH f"l’ﬂi\lgﬂ’ﬂﬂ\l!ﬂlﬂﬂ

0 9 9 3 A wa A a a 9 ] ~
Tumsiiau ﬂ’ﬂllgﬂ’ﬂlllﬂJ11%11!GU‘L!@]@uﬂﬁﬂgﬂ@]mmﬂﬂmﬁmﬂmu AN laluduasien

a va va

= 1 ; A o ~ as Y t4 v v
Heglununlfinau quamiauazduasiovewen Tudes uazitms ldginssiflesiude

q

' A Y A o A Y A
ﬁﬁuuﬂﬂﬁ%gﬂ@ﬂﬂ Wiﬂﬁ]ﬁ]‘lﬂiﬂ@]iﬂ15@]53%ﬁﬁ]ﬂﬂlﬂuﬂ1@5§1uuﬂ% ¥ ISO 9000 Y17

OHSAS 18001 13ludu



79

A Y
a o Y [ o w
4.1.7 ﬂ1i§]ﬂ@]\‘l‘]ﬂj1ﬂla6u uazeumgjammﬂaaﬂﬂwammuawa

a A R Y o q Ya A ay v
‘U'inﬂ!‘ﬂﬁQﬂ\uﬂ‘lluquu@lcﬁaﬁ@\ﬁ]ﬂiﬂuﬂ'mlﬁf)u Tﬂﬂu"“@ﬂj'lu CVHqu‘U

~

Y ' Y a 9 Y S Y o ' Y Y a Y1
Y3 ﬁWﬂJﬂﬂiﬁLﬂﬂﬂﬁ%ﬂ18hl1’\l IﬂEl"lJE)ﬂ’JWﬂJGIE)\UJmeuUlWBﬂLi]uuﬁg’éﬂullﬂ\ﬂﬂ ﬁ@ﬁﬁﬂi‘l’i‘l’ﬂ\‘]
v < 1 a a A o Pl 9 a 9 @ :I v A
iﬂﬂﬂ\‘llﬂ‘UhliJLﬂu 2 1IA9 mslu‘mﬁu”lmw ﬂ%ﬁ@ﬂﬁﬂﬂlﬁ)yﬁﬂ’ﬂhﬂa@ﬂﬂﬂﬂlﬂ@uWNuﬂlcﬁﬁ

1 [ [~ %

(MSDS) faanuarudiednlasiulddamu
Y 9 1 Y

418 m3sldanudunminau

9 9 1 ) I v Ao w A o Y )
myevsuInanuguaminauluiladendidglumsnzi lnminau
o Y 1 Y = a A = @ o = v CY
maldedagndes ss@nsnmuazlinnulasasslumsiou Tasaisindngas iy

1 o ] Y o 1 4 a' a wva [ { {
YoaAazAMIIIIUIazdoInseMneuzEulTaN Taammzninaunlnnude

~

v v v 3’ v A o & 1A Ay Y v [ 091 o A Y
NISTUNTNUUINUALY D Fl]'ll‘]Ju’E]En\‘]ﬂQﬂ@ﬂQlﬂqiﬂﬂmﬁMU@uagﬂuﬁi’]ﬂﬂlaqu’luuﬂlcﬁa ﬂ’liblclf
4 v W 1 A aA A v W

Qﬂﬂimﬁ@QﬂUﬂﬂﬁ')uuﬂﬂaﬂlwu']gﬁllllagﬂ’ﬁﬂiuwEJ']U']aGLUﬂimﬂq@ﬂNul@ﬁglﬂfn’ﬁ@ﬁllwﬁ

v Y 4
Y o w v o a A 4 a
nuhdudma saunduaeumslfiaaulunsaimgmsalgnnau
[ Y A
4.1.9 szaununueinslnames

] v ] 9
1110991NUTNUANNGUYHI V90115 IR 0GAANDTIVOILTEN Ay
1 Y o a A d o oy v A d dyd = A A ) Y a A
aglndiuusnunnudniniuaa amwmsalisuiideNUaNwdessnszih viinagiae

Y v [
sunsa I8 mmhdudainanss lva wazlimsildinadseme Ilanmsyaliguyys 8n

v
v 9

A4 vy v 11 "o Y Y a a Y o o o
mﬂuumwm"bum uay %Lﬂumumﬂalmﬂmwaﬂﬁnllﬂ AaiuAssea U ueIns
9 = @ Y] A ~ ] ] Y 1 A d oy v A
"’U'l\‘]iﬂﬂ\iﬁ”lﬂ”lﬂﬁﬂWi‘ﬂ@ﬂﬂU %ﬂmﬁmuﬂquuﬂmmﬂlﬂm leegmﬁmﬂﬁmumﬂuumumma

[l 9/ v W de Y o Y o Y 1 qgj [
DYNUDY 14 LUAT Lmz‘lJ'5zﬁmd1u‘ﬂ’i3ﬂﬂfmWu‘ﬁmLﬁmmﬂ’smml”mmgu%uiﬂumn TIUMNNAA

9 a 1 [ 9y = o = A Y A o &
FONUAURNURUTINNUDINTTU LAY YUBU IR Tﬁmﬂu‘mg‘lﬂamm ‘]_]'igﬁlﬂqﬂﬂ



80

4.2 WIATMS IUMIaANaNITENY

AT luMsaaranszny ieaaauguuswazdosnu luliimenansznuy

Y v
o w A %

aowiinau oxmsdninnuuazauyy Tlunsaiimegiiamigiiudraid lva uaziiams

q
E4

Y
a v o w 1 @
520AUORUNVINNHAIYA AITNNITIATONLHUIUAIS A9
2 A ]
42.1 STUVLAANAUATIADUNY

9 k4 v
MIARAITE DI IALazABUAIRIAY B 9IS EinUIaz iU
a zﬂ' 9 1 o [y Y a2 dy a Qle
s lagsoudon LW@Llﬂﬁlﬁﬂllﬂuﬂﬂﬁil‘lﬁ'luﬂﬂ'm uam;mu“lﬂamm HINITMNUAITAAN
o g} O ' a A 1Y 4
iz‘uumim:1ﬁ]imﬂ"ni”lwaumummﬂmmum HAZYALTE Tﬂﬂl%ﬂﬂiﬂﬂﬂﬂi%ﬂﬂu’ﬂﬂmﬂ

uazAeufoRNaY oudunauAminauLaziea s uzfoieny

422 MAIMIRAURY
tatumuaumsmuguanganau iz ay tazanduasennms

v Y
2 lnaveariniudira sy

n. upuilesiunazsesiunsalifaaaumsainniau
v o 9 % a 9 Y1 [ Ty A
daurdss fumgmas Tl Tasldamasanlumsursadai
Y o A @ Y a A o 1 g’ 9y a £ P
jou Mvuaganlasanylumsugnas ¥3emMINIIUIITIHIYINEY F0INNNA 20

Y I 1 o [ETA= Y a a 9
iuag 21 Llﬁﬂ\‘lﬁlﬁ'LﬂuﬁWWﬂiiWUiuﬂWiLLN‘i\ifffﬂ’NiJifJuiﬂﬂﬂﬁLﬂﬂLWﬁiulﬁiJ

9 ]
Taturudatenszuumssuniiuluvasiamganau ieldine

@ Y J a
ﬂ'JHJG]fﬂ!ﬂuﬁlUﬂTTﬂ’ﬂﬁﬂuﬂ'lﬁ@lﬂﬁ"lﬂJGU@\Hﬁﬂﬂ']ﬁﬂlﬂﬂmu



81

V. YATINNA

Ao Y a3 A v 1 Aa =)
@l5'3%ﬁ@ﬂﬂﬂiﬂNWﬁﬂﬂW‘ﬁu@U]ﬂLﬂuﬁgﬂ%ﬂﬂa@ﬂﬂﬂ@]ﬂﬂﬂﬁ LHagunINy
= = A S o A Ao R
L’I’TiJWZﬁiJGlUﬂ1§@WEJW Iﬂﬁlﬁﬂ‘]&ﬂ%Tﬂﬂ?WNlﬁﬂﬂﬁiﬂWaﬂ5$‘VI'UﬂWﬂUWNuﬂlcﬁﬁ‘ﬂﬁ’ﬂWﬁﬂﬂl%uﬁlu
~ Ao dy 9 1 a £ (I o I A A 1
NIUITUIYU hlﬂW‘]J'Nﬂﬂi’JiJWﬁlﬂiJ G])'QE)QWNﬂWﬂﬂﬂi'JUlﬁalﬂuﬁzﬂg 100 LUAT DOUTTYSH I

eane vinnamss Tuauuuluda v uazsq lvaudunaszidianuy Pool fire

a a as o Y a a a d?’ [ Y
winamsszidauuuudl sz dimansaa ety sldnasus
Yo 9 @ [ ] o 9 o Y a a I
U339 lasuanudeu auds uaunsonusunssdula i liinanssadauazilsng iy
a d?’ o 9 o n:' 1 d? d‘ d' o
an liAedu Suiludesdmuagasiunaluinilnatu yaimnzanlumstazdmuaga
FIuWafe U NIINYANAAEE1TTes 1 1 lawas FuiisaneNazsIuna LazATITo
g 1 @ . o . T . 2 .
anumsal nouivzewen lldsgandasaselmide 1 swndeyan lamariicunsoriling

UHUMIONINNFAULazaoany imﬁq&’mﬁmi%’ammuﬁqﬂa'nashaaﬂ"nﬁm

A, [FUNIMTONEN

| ' o w A
mmmmzﬁmmgéﬁmNmiawﬂwgﬂumummyamwﬂumiwﬁﬂ
d' [ o d’ ) dd‘ o a 9 1 9 =1
LamuazaﬂNaﬂiwmawummﬂﬂgumm Gluﬂ‘iﬂ!‘VWHﬂWﬁl]iZLﬂJ‘L!LLﬁ’JWU’JWLﬁuﬂN@WﬂWM

d' d' o o v o a [ I~ 4 d'

anudesnzi ldminau lasuduasennmagnaua1e nazAeanIdun e nendun
] Y

Yo 9 =

(% 1 4 Aaov 1 =3
minzauazlasanelinudiedlumamsal Tuadtefinuindunivenenlidunude

U
Y v v v

d’ o w A A = dy d‘ [ 1a 9 dyd? d!
HO49INANUIINAVOINUN FINDINTOONUUUNUNAWAS VAT 190 1MTHIUIN Baluaniig

ti'Q [ [ 9 ) Y % Yo 1% oy v A t:‘a'.l Y
mmﬂmmum"lﬂmmummwaw %ﬂﬂwwummllmueumwmﬂumummama”lwa'lﬂ

@ 09/’ o & [} A L:'ﬁl = 9 a A d? A Y @
@Nuufﬂ’]Lﬂuﬂﬂ’NﬂQ'ﬂ@]ﬂ\iﬁﬂ‘kﬂﬁ’]iﬁ'ﬂﬂ’]ﬁﬂwﬂWLLaZﬂTQ@@ﬂﬂQﬂLﬂulWﬂJmULWﬂﬁlﬂlﬁu']gﬁiJﬂU

Y

A A [ 0 Y =\ a A = [
NUNUASTDITUTDIUNITUANG ulﬂﬂﬂNiJ‘]J'i%ﬁVI‘ﬁﬂWWLLanﬂ’NiJ‘]Jaﬂﬂﬂﬂ

1. ginsaiflesiusearuynaauaz iumgmannau

Y

Y 4 a 3 9 A W 9
mﬁmmqﬂﬂm‘ﬂmﬂum’:‘mﬂ%%mmwm LL‘]J‘]JlIG]a‘]Jhlﬁﬂif‘ani’J

Y [ v
iuRraegdie niodonldnimnaianlnseslonoimealuda (Powered Air Purifying

a wa

. Y v o A dy A = A Y A Y @
Respirator) Inuwiinanunlguanulunui vaziumegmaniivinlumsdlse v vaz



82

¢/ A A o Yo Vv v o o ~
ﬂ’)ﬂﬂﬂﬁﬂ1uﬂ1ﬁmﬂﬂlﬂu E]ﬂ‘VNﬂ'Jiklﬂi'Uﬂ'lﬁ'ﬂ‘]JillGlfﬂllﬂ’J'lllglﬂfl')ﬂ‘ﬂﬂ'lifﬂﬂﬂ'lﬁﬁ1ﬂﬂﬂ
=< 9 4 v o A A 1 @ = S o 1
'3"31]ﬂQﬂWﬁi‘]ﬂQﬂﬂiﬂ!ﬂﬂﬂﬂuﬂﬂ‘mWN1$ﬁll o ﬁ?ﬂiﬂ%ﬂﬂﬂﬁ1ﬁlﬂullﬂﬂmuﬂ'} Ll'ﬁxﬁ'}ﬂflﬁ
4 @ ] Y &~ Iq9 Y ' A 1
Qﬂﬂﬁﬂ!ﬂ@ﬂﬂu ﬂTiWWEIGl%LL‘U‘Uﬂi@ULG]ﬂJWUW “l)’\'iﬂJQﬂﬂ'iﬂ!Elﬁ’ﬁ)WﬂWﬁGIf'JEJWWEJGlﬁ]LLUUﬂJﬂ@ﬁQ
A A v Y 9 1 @ A o 9 A (A wa
91017 (SAR) ®39UINDINIAULUUWAN (SCBA) ﬂ']ﬁﬁh’iﬂ’ﬂilELLﬂWHﬂQWUﬂﬂWWUWﬂ‘IJ{]UG]ﬂWi

4 a { 1 @
HASADUTUDITDIUNITURNIRU 5’33Jhlﬂﬁﬂl%}1ﬁﬁ1ﬁ1’iuﬁﬁmi'ﬁ!anﬁTﬁTiﬂ!ﬂElsUfJ\‘]‘]gﬂJ‘]fu
1. MamuguANulasansvsIganaieg

Tumsmsauguanuilasassvesganameszdesinigms oy
pruazivaulumsgquatazaruquanuilasans lumsidhesnvesgaiinanss lna
3 a 1 { ] % v 4 v o A

nazazdesnuvina lildyanahn bildsveyaa uazamldginsaiflesiusefungaudn

o v ) S @ oA A =
i) Taelumstmuaszezaiugudssguinanududuves loszmeiiufimanunsnszaren

Y ° Y o 9 =) 1 A

Tannwamsduan udrdmualdimunzayTaglilinansznudeyanaioglassouszes
AN Hazdeuassuunuulszauiuisnutestulumsqua uazdeasiseanwy

@ 9 A A o 1 09.1’ Ay @ A
ﬂa@ﬂﬂﬂlu‘ﬂﬂﬂ‘mmgﬁuﬂﬂﬁfﬂﬂu@ﬂ‘ﬂﬁiyi]iw1ull'l 53%%015\1\111!145’0EJ'“VI?JE‘J]EH?(EJI@EJi@‘]JVI
Yo 4 ‘Y N o g ¥ ¥ A v
Vlﬂi‘]JNﬁﬂi%‘Vl‘]J Gmmaamumimﬁmﬂﬂmmuuuazle“lﬂﬂau‘wNammmmmmmz
YA a Yo o [ Y 9 a ' Y ~
mumummgmmammmmﬂgﬂuiwﬂuwufmmﬂ“lwumwammmgﬂmuammaanag 2

qgj = 3 P4 9 ' A a dg’ ' a o = a
AN ngiJﬂﬁﬁiq‘]JNa5’Jll‘I/N!,l,ﬂUl"lﬁU’fJ‘]JﬂWifN‘V]LﬂWllu’fJﬂNi]i\‘liN LAZUNTANATUAD

423 MITn¥wazlguneIamaRnauY

[

Yy [ o A A

e lnininsnulguneanazglnsal lumslguneiuna vised
Y Y A o Y A Y dy A 1 ) a v o Yy
Lm'ﬂuTﬂ‘ﬂﬁ’HﬂiﬂﬂTﬂuWﬂﬂﬁiﬂ"lEﬂiﬂahlﬂGIfL!W‘H‘V]Gl,uHﬂ%ﬁilﬂﬁWﬂWiﬂW\iWHﬂl@ﬂUﬁ‘H‘1/]%ﬂGIfHZJ
o Y A Y ] A v d A o YA
ﬂ"l'i’é)‘]JilILm%“lfﬂ“]f’f)miﬂﬂﬂ"l'i“lelJ“Wfﬂ‘UTd Lm%ﬂ'liﬁlﬁﬂ311]‘1)’38]1146@%@m@;ﬂﬁmﬂﬂmuﬂﬂiﬂu

A 9 @ 9 a a A A [T g’ v A
Qﬂﬂﬁﬂ!ﬂﬁﬁﬁ’) a1A1 RNIRY Glumnmﬂmmmmﬂﬂumﬁﬁmﬁ"lmazumumma

424 msdszauaunsone

¥ o

A ' o AAN Yo o '
ﬁmmuwuawawﬂﬁwwuwagimﬂw”lmuwaﬂizwumﬂmimmmim

Y 1 [ 1 9 A Y a Y I qgj
NUNHIGNUITUASHTUHISINUNDIDY 114m'i‘lJ'izﬁmﬂmuﬂhlﬁum&ﬁgﬂmuglmﬂu]lﬂmmlumu



83

'
=KX o v v (2

] P ] 9 ' A YAy Y a 9 A
5'33JiNi]@11’(3Jﬂ155’3ﬂ°]5’f]ﬂ"]ﬁ]8l1’ia6Qﬂqﬂiﬂﬂuﬂ§18%1ﬂﬂ1ii’ﬂﬂﬁ LLa%LWﬁQVlWlILLlfNiﬂﬂ
g’ v A (% d' 1 dy d' 9 d' Iy @
1!11!1.!@!,‘3]5?1ﬂ‘UﬁﬂWuWﬁﬂ“lﬂﬁ‘ﬂf]giuﬁmWHﬂclﬂﬁﬁiﬂuﬂi%ﬂ’ﬂ“ﬂﬂﬁ LW@iﬁNﬂWﬁﬁuUﬁHu uae
[ A9 < Y < = a a Y] 9 a a Y o
“H’Jfllﬁﬁﬁ)EJ‘]JW@H]‘UllﬂfJElN‘i'JﬂLi’JL!ﬁ%iJﬂ‘i%ﬁWﬁﬂ?W uazﬂm’mmauﬁmm@mmwaﬂwmu
= a d' 1 Y =) = 1 9 3 9 ] [ a
ﬁﬂWUﬂULWﬁ\‘lﬂﬂgiﬂmﬂﬂx‘l IﬂElllﬂ?iﬂ‘i%ﬁWH\‘ﬂuLL‘U‘]JlﬂiﬂﬂlWUWﬁ@Nﬂﬂ“ﬁﬂNi’JﬂJﬂU!mu%}ﬂmu
FTAVUUN 1A Hazdirda TaoAToUARUDILBUIAZHUIeT1¥MIN IATUNANTZNLINS

T A 9 A a a an v A [ A
UHFIEANNTO UMM sEAUUUVAY Tuszazsall 548 was aalunini 21
425 MIANHUFUNWMTAUNNINKUIBNUANG NN

v
a ad a
Lﬁﬂ'"lﬂJ"liﬂi%T‘ﬂﬁLLﬂﬁJQlﬂa 93D ﬁﬂ‘]ﬂWL&IMVIWQﬂ"IiLﬂuﬂ'N‘lJ’t'NiﬂWfJ"I‘U"Iﬁ
3 a dy Y ' A a a y & Y 1 = Y
LLﬁSiﬂﬂ‘ULWﬁQ‘ﬂﬂl1111(114?17]111“Ifflﬂmﬁﬂﬁiﬂlﬂﬂm&{]igﬂmullﬂ clsa”lﬂﬂanswazmﬂmmﬂu
v 9 = Y Y o Y 2 av¢
HIVD3. NMIANHUTUN A TZUTLINIDNYN uazmﬁzwm@;mﬂﬂmﬂmgma 197D TWJ
= Y dy A 1 Y Y Aa A o v A F2
miﬁﬂmmu‘wNuma%’m"lwngszmuqmigﬂmummmwmmmmﬁuhﬂizmmmum

' A 19 YA v v ! A q9a ] a 9y A
wmmmmgiﬂamﬂﬂmmmmﬂmaa"lmm LlazhlclﬁzEJ%L’J?HLWL!‘VINH@EW]?!@

Y

Aaw o a d o o o v
nnramsIvei linsusansznunnmsfamgmsaiiiuamas lvannduny
oy % 1 oy % a a a v g oy Y
gy msuwsnsznevesletiuiu manamas Ind nezmsszidavesdunuihiufiaany
g 3 ) Y A 1Y o Aa
aoumsainige Tesveniiluszezme mldnauszeziansseTalumsmhaunidszmeli
A 9 a ~ Y 2 A 1 A Yo o Y
uarie ldmsdszitiumansznungusunazoims Indinsaiogluvaiag lasusuasie1a
a Y d? Yaw KR o Qy ad & J A U
nasan ldazainau Avesni ldsunsugna 1955 Fuiluldsunsunaaumuinimee
L @ I I a { a
aniion milszgnaldnullsunsiniwden aunsodssilvaaumsal ldszoziihana

v A

o £ o q ¥ v A 4a o & A o Y
NITNUDYWNYALIU G]Nﬁlgﬂﬂﬂﬁulﬁﬂi’JWEJWEjﬂulluwuﬂlﬂmﬂﬂllﬂﬂﬂwuﬂﬂaﬂﬂﬂElvlﬂ‘i/ll!‘ﬂ

v v
=

Taegneg 185 umansznufe winnuihaugeuihge dmihnsnvnnulasasen
F4 ] ] I
wuasun tazdsdamansgnudaminnuiinuedlueimsdninau iesindieias
o @ a o o 3 g’ o A =2 @ A 1 a Ao o ~
dninnuegaanuduniniiudima s hlsudaminnuieguinaaamiisinguynives

9 qul 3 (I v g/ Y
E]'Iﬂ'li"ll'l\uﬁﬂﬂuu @wgmamﬂmmuummﬁm RN P



84

Y =} o w = A A o ~ 1

mu‘mwu]lWaaﬂfummmimummummmmqmmmawm uu”lﬂwu"lv!agm
v v :I | A a a dgl o Y v ~ Y v = ]
AUDIUNVUIVUALED !JJfJLﬂﬂH"if{]i3!°Uﬂ"U'LJi]3‘V]ﬂ,ﬁUuulﬂﬁuulwhlﬂiﬂﬂ’ﬂwlﬁﬁlﬁWﬂ Llﬁzllll

v Y A ' ™ A v o a o ] =
ﬁ'Uﬂiﬂi%\ﬂuhlﬂ 11W'ﬁﬂ‘i%‘ﬂﬂﬁﬁ)wuﬂﬂu‘ﬂﬂgﬂﬁliu@Wﬂﬁ ANUUAITUNMTINTIUUALTUNINHU

2 2 'y v £ o q ¥ A A o oA ¥ a

"lWmelu IﬂﬂﬂgﬂTuﬁuW@WﬂWi G]f\i%$‘l’]ﬂﬁﬁ1uﬁﬂﬁﬁﬂlﬂEl\iiﬁllﬂ’ﬂlliﬂuﬁﬂﬂﬂWimﬂfﬂﬁtj‘ﬂ

Y
Tudveniiula

v o { a <3| :
A5 NA0gH190INYAT Tnalnamailuszeznig 100 AT FagasIuwall

(%

4 4 v o 9 §
agUsyasAiiens o uanIUMIael LazasTUTIuIUNTnIUREEAIINDIANS
H 1 1 1 g H
F2ELNIDINAINN 20 D9 NNTLELHIUNSINOADNITIINNG LAZATIVADUADIUMIAADUNIY
anwen lidaganilasanelmiae 11 uaninami 21 szezvirgasiuna Deliszezvinala
~ o 9 ) ] A A o A 1
igane Suludesdmuagasiuwalmi gaimnzaylumsizdmuagasiunaio garn
1INANANABENTDY 1,000 AT FufisanoNaziauwa agasaoUAnIUNTA nouay
awen ldsganilasanelniae 11
a o 1 9 a 4 A A M a
NaRamsenu Tdsunsue Taa lduaninalinsiziniginansii lvavazina
a Y g’ ! di’ ~ [ A ] 1 [ = v A a
mae ludveainiudma Tasiunlumwassaunasduaseaduualassezsaiinana
1T W § a P Y I~ 4 a -4 4 [ 1
ATENUITY Fawaiaszvn lanianuiuld1dnezinevy doasrvaounuais 1 lvng

9 U o 79 9 I @ A A o
gudeyaogluldsunsueTas nagdrasdniumsel Mimloununsaiinanmssa Inaves

Y
v A ! =

o a 4 a 1 [} 4 a 1w g
iuAra NuNHaNIAATIZHaINTIINAMTz ez SALNNaNansenuwA U Ty AN

WATLAUIAEIOUATIAINU ATUAIANUIN U

a A A A ule ad 9 I
MsUseiuNansZTNUNUUFENO U UBNIINITNIS 15 1Us1nsy LLa$Qﬂﬂiﬂ!ﬂ

Y
v v

VA A 9 9 ~ 9 a = o @ 1 a I~ 1 A
HUBDDBLLAD m@%ﬁﬂi%iuﬂﬁﬂﬁ%muWaﬂ‘iz‘l’]‘]JﬂJﬁ’J’L!ﬁWﬂﬂJﬁ@ﬂTﬁﬂi%mutﬂu@ﬂNﬂﬂ PNUU

o o < Y =2 g o a T Ay a Y aw
NITNINITATID LﬂULLﬁ$53U§3N%@Hﬁﬁ]ﬁﬁ@ﬁﬂ1lﬂl&ﬂ’]ﬁf)ﬁl’]\ii‘lﬂju Nﬂ??ﬂgﬂﬁ@ﬁ GlU\'i'lu'Jﬂﬂ

v
o w

o dys) 1 I 9 aa [ ) 9y Yy A a a9
ﬂuuuﬂlﬂgamﬂmmﬂuﬂlﬂma%mgemﬁmﬂﬂ Lla31/]"Iﬂ']SﬂUﬂ'J']LWML@]MquiJGU’OﬁJ“aGlu

U

! o 4 1 1 o 1
Tdsunsunld$raesanrumsal nazgdoyavediu luaunsniwonuumeuns 1a

9

Ay AAY 1 A [ 9 19 A =} oy U
“lumm%ﬂumeyjawmﬂmuﬂu%mﬂu llmm VDYAAUANUANTNUANUDIUTHUALT R

d! = 1 1 A oa} v A = td‘ 9 1 1 a
FINNNITANYINUIN ﬂmmﬁwmmumuﬂmamnﬂafmuﬂmTﬂqqmﬂmummwa@

v
vAa A

1 A ° ' ] 0 '
danglvmngnimuaanvihsnussmsudinaw Mld ldawnsaszyguautian

Y £
Aav A v A

9 a g/ v A Y Y o g v g/ Y dy a o [ A o Aa
LLﬂ%iQﬂl@QHTNHﬂLGﬁﬁIlﬂ mmﬁmuhu Huaa ua NI SoINaId 1S LA 09N TR



85

o 4 ' vad g Y 1 < a A A
TWihdrses Faliaqaauianduais 1 lwuagduasieun egrelsnaumsiasandsnd
@ < dy 9 @ 09.:’ 1o KR K
suasegagaluiugvvesauluduanuilasass Tasueassers hidridedeTomalums

a A 9 =
inaNnusaiedla

A

Y v
anmgiiomemiaggilenane Yeyatiianudany lugandeu lnidoyadug lu

P
a 1 aAaaaa K 1

E4
aw % a a 4
msaventiuil Iddeyadugiions varumnnnsugailonine au an1figuddsng Fog

Indaounamauniga iesnnaniuinamgee liliniesdota deerniildnan 1don

1 1 4 a d a a % 1 [
ﬂ"li1J§$3J’JﬁWaﬁﬂ'lllﬂﬁi\uﬁﬂlﬂﬂlﬁﬂﬂ'l'iﬂﬁ]i\ﬂﬂﬂlﬂ‘l/‘l"lgﬂﬁvn\iﬁﬂ éﬂﬁﬂﬂﬁﬂﬁgﬂﬂiﬂﬂ@ﬁﬁﬂ‘ﬂ

=

1 Y o o’/’ a v KX 9 =\ = a (= a
ﬂ'l‘VIll@ ﬂ\iuucluﬂ'lﬁWﬂ?iﬂ!"llﬂ!')“l/ﬂ\i‘]sjﬂﬂﬂl!fﬂ\?@]ﬁ]\iﬂﬂ’)iﬂﬂ?iwfﬂ'ﬁﬂﬂﬁﬁﬂjﬂ‘EJﬁ?J‘]JﬂﬁLﬂﬂLWS{!
9 A A a a <3 3 o o w Aa o

738 Llﬁgﬁluﬂiﬂ!Lﬂﬂlﬁﬂﬁ]iﬁﬂﬁﬂﬁﬁiﬂmgﬂ’fmLﬁﬂau!ﬂu@’Jllﬂiﬁ"lﬂﬂfluﬂWilﬂﬂ@uﬂﬁ'lfJ

Y 491 A a 9 dy A dy a 1 3 1o
ANINLIPADUUDINUN T‘]Jmﬂsmiaa”nJszmu"lﬂmwwwumuuwuﬂummu LIADI

09} o { I 3 A § [ a 2 §
vsspiiudan fiunsdidndsegiunace e liawnsodsadudieTusunsuiila &

Q
] v v '

A = o v A = v 31 Y a v dy a A g} v A =
mImaouNved lorhdudanuns uuiie1azuns 1a5nNwuaY tHosmiiudeall lo
4 A A ' ° ) Aa Y v ' Y
Fomasnnneme 1 1ad Temaaa v a4 Tunendusumsunsnizae laoea

< 0o q ¥ Y 9 S o a A 0o q Y1
5157 e ldanududuveslossmainiudimagnivensTageimsauiildainw
Yy 9 ° 11 A o w 1 a :j = o Y <Y
Wuduues loszmedinmiasinaavesmssziavesiniudea hldmamsaisons

Y
Tueunsonavu'ld

madenyiiavestaussy ulsunsueTaawiavessuieminmstsziul@immed
JUnsInszURNUUINOY ﬁ’qgﬂmqmwaﬂumﬁzq Hagozilnsanay i u@iﬁmiﬁm‘iwﬁu
anldiunsaanudidudiginsdmany FoiilullsunsueTlaad  slddenldd:
nsanszuenuImd My uaMAUANTANMITUNTIAY uazuIITiia Yol
ﬁ’qmﬁﬁ?ﬂ 2 FUAUANANNY uffdwzﬁmu@ﬂ?mmmmgﬁyﬁu uazANugIveduRy1diia

AU “I/olﬂﬁjwaﬂﬁﬁTu?ﬂ!izﬂ%%ﬁﬁ?‘hﬂ’ﬂﬂ\ll“f]}uf‘lﬁlmlgﬂa'ﬂ’ﬂﬂéjﬂu HeIINMsILbALULUA

v
I ]

Ay ¥ =2 I 1 Y a dgl A o A A 1 Y a QsJ‘
“I/]Ulﬂfmﬂiﬂillﬂillﬂiaﬁﬂ dtluan Mll@Lﬂﬂ‘l]u!,uﬂ\ﬁ]'lﬂﬂﬂgﬂﬂiﬂﬁlﬂafJiJ?J‘c’JN!WI%ﬁ\‘] NTUU

9
%

=
9
=® 9 o a 4 A [ A =\ = | A 1 I

WADININTUATICHAUTUUAUDINING 2 gﬂ“l/]ﬁQLW?JL“]Ji‘EJ‘]JL‘VIEJ‘]JﬁWﬂW]iJﬂ’NiJLWIﬂ@INﬂu

Y
o @ o A [

A o Aa =R A v ~ a A9
WBNINITAUATIZUONAUTUUAUDINAUNUUINUDY 2 sUnse Ao mgﬂmmmaamum

Rl

o &

k4 9
uaz tegUnsnszuenuuIng Tasasauyagmldduisasuiluszuuila



@ = ~ A9 A 9 a
1. NNINFHAYUNUNINUUIA DIN 2.3 LUAT 817 5 1UAT LA ’L:’N 3 Luﬂﬁﬂiu’lﬁi

a 4 g’ @ a a [ [
35,000 ang 'ﬁ%"ﬂ 35 Qﬂﬂ?ﬁﬂluﬁﬁ ﬁmimiﬁ;umuiuﬂimm%}aﬂax 90% GU’E'N‘iJﬁiJWlﬁﬂQ #IN
HINN 36

H
T
l—— 5m. —
a S o o 4 4
mMnn 36 Mmaussphiuludgnsemvasy
Nnaums vilsuias = WxLxH
291114 0.9 Vilsues = 2.3x5xH
Y
seduanuaeueniiuludaiua) = 992235 = 9930
2.3x%x5

v Y Y 9
C% [ 7 [ v A

a dy A = o o JA A
WINTUINUN (A) ‘Vlu"llluﬂﬁ%ﬂ?ﬂ‘ﬂwuﬁﬂl’ﬂ\iﬂ\iﬂ%UlﬂWUﬂi’J‘Nﬂﬁ
A=2xLxH)+(2xW xH)

A=(2x5%2.739) + (2% 2.3% 2.739)

Y v 9

Y A AaA o
a2 ldnwunnih

&% [ 7 [

UNTLIMNUNIIV09D9= 39.989 m>

a = A o 1 @ 09/’ Y [ g’ % Y o aR
WIATTUIDILIINDTENIADNUING 4 ATUUDIDIUINUY Iﬂﬂcl"lfﬂaﬂﬂ'li"llﬂiﬂiclﬁl

AUAU (Pressure Prism) A9NINA 37

86



87

“T/

= a= >
M 37 YSFuANUAUDUTZUIY

o Ja o 1 % qgj
ussansnnszineniang 4 aw  F, =volume of pressure

% 1 o 1 % QSJJ 1
u3adNENnTAemITaNg 4 A = E(pgh)A

usedwsfnszihaemiaia 4 g = (820x9.81x2.739x39.989)

1

2
v oA o 1 @ OSJJ 9

USIQNTNNTEMODNUING 4 a1 =440.54 kN.

2. fansenszueniivuie duruguinats 3.85 wAs g9 3 was 1U5unas 35,000

9
a J o o a @
ang Tﬁ’ﬂ 35 anUIANLIUAT flfni‘ﬂﬁﬁﬂqu’]llu 90% ¥931/51195074

Y 9

M 38 Maussphuludeginsnszuenuuia



88

nnaums  V =ar’h

fuiu 0.9V = 2(3.85/2) H

UM 0.9(35) = z(3.85/2)°H
izﬁummqwmﬂyﬁuiuﬁ’qLﬁ‘u H=271 m.

MINNTUMTINNTLINADDINTINTEVDN 9 1A

NNAUMIT  F, :%(pgh)x@m’h)

UIIENENNIEMReMIINT = %x 820x9.81x2.71x 27 x (3'285j x2.71

1] &~ o 1 v o a Aa o
UFIONTNNTLINADNUINT = 357.24 KN (7 lailiaw)

Y 4
o w Y

(% 09.:’ A o a Jd A = =2 o oA o 1 @ v g
auiuloMmMIunszifToumeud s idnsnnszinaeniavesdun N 2
<] Y1 Y A A |a :’ % @ QSJI 1 o @ A P~
g3 vzmiulan meldtenlundSuasveniiuludea 2 iy degins@maoy
H Y
1ABWUNTUMIZNTOUTINNTRRoMITIINNIDIMTINTzUoNogUTZUM 18.9 % DN
a A 9 d? o [ IY = > o Y o £ o Y a
JUnsEmasugna UM I @rasy innlszneunau deezi limnanud
1 3 v o a ' <3| { o a o
TRUADHAWLUITUTOUAING HAazUTNUYUHToVOUVDITEARIZIUugai IHIRAus InT2eh
] 1 as.t‘ o’/’ a 1 R A A J ™ 1 £ v
ADTOUADNIN ALTIUUTHUTOEADIUTUIANTANUFBIGIRDNTT TnamunuIsosae F901

Yy 99

=) = [ (% o‘/ 9 = 1 A v AR Y]
Lﬂﬁﬂﬂlﬂﬂﬂﬂﬂﬂﬂgﬂ‘ﬂﬁﬁﬂﬁ%ﬂﬂﬂ Tﬂwﬂﬂum%mmmﬂ@]a"lmﬂu 2 1D (‘VNL!‘IJ‘L!’EIQﬂ‘U
[ o A o I 1 ° = o 9
YUIAUDIOT) L!a%ﬂ'lﬁﬂ§$ﬂ?ﬂ@?ﬂlﬂ\illﬁ\i“ﬂﬂi%ﬂ?%glﬂu‘lﬂ’f)fJNﬁiﬂlﬁiJﬂ LWinulilllﬂ'liﬂﬂHﬂ
= 2 A A a [ = 1w
HUMUDUINIITAgY LLﬁZW’J‘U'ﬁNﬂ\‘]fﬂZLi‘(’J‘U@]ﬂﬂuUlﬂ
Y o v 9 9 dy a 1 o Y 1Y g} v g a a
ﬂ?ﬂlﬁﬂﬂﬁ]ﬁ]ﬂ"lﬂ\i@uu 11!‘VIN'Jﬂ’JﬂiﬁllLﬁ1ﬁ]$llll‘Vl1ﬂ"liﬁiTQﬂﬂﬂ?ﬂulﬂugﬂﬂiﬂﬁlﬁaElll
4 = Y A a o ] = 9 1 1 =] 1Y 3 o
anuUIFN LWﬁTgllLLL!'JIH?J‘VI’I]%LﬂﬂﬂTii’J]lWallﬂ\ﬂfJ DILNINVEADNITHINNATY muuiﬂﬂm"l‘ﬂ
k4 dy @ 3’ o I % A Y
Llaﬁgﬂﬂi\iwuj”lusllﬂﬂﬂﬂﬂﬁiﬂuTNuﬂglﬂugﬂﬂiﬂﬂﬁx‘U@ﬂlWﬁ1$ﬁ1ﬂ1§ﬂﬁ‘ﬂiﬁﬁﬂ1’iiﬂﬂ1§$1ﬂﬂ

a a o 9 "o a4 A
LLﬁSﬁiJﬂ'NiJL’ﬁfNG]?Jﬂ1§§’3hl1’iﬁuﬂfJﬂ'J'lﬂ\TI/]i\iﬁL‘ViﬁﬂiJ



89

g1 A Ayyw A& ¥ Y o qYu & o o A

umwam'lmmiﬂmﬂimiaamazmﬂmiﬂizmummu mﬂwmmuumumma

A = [l Y A o 2’ = a d? a 1 1 < o ~

IHUDUNDUATIYDYINUIN mmﬂmim”lwaumumcvamﬂwmq L!Glﬁ)iﬂ\‘lhliﬂGHNWHﬂ\‘ﬂu‘Vl
a wa [ Y o Y @ o Y o 1 a A 09.1’ o Y
TJ;]‘UGNTLJIQﬂi@ﬂﬂ%iﬂglﬁ@lﬂﬁﬂﬂﬂﬂ@u ‘ﬂﬂﬁ‘i%\‘l‘]JL‘Viiﬂﬂﬁﬂ‘!i’Jllﬂﬂllﬂﬂuﬂ’Nﬂ f]ﬂ‘ﬂ\‘l‘ﬂﬂﬁ
= Y A Y, Y A - o o Y
1Jﬂ13llﬁ]\‘1l§lﬁ)ucl1”iwuﬂﬂu&Lﬁ%‘]ﬂJ‘BuiﬂmﬂﬂﬂﬂWEIW’E)’E)ﬂﬂ1ﬂWL!‘WH'B'ﬁ)ﬂ‘i%ﬂWﬂﬁﬂﬂ‘ﬂﬁ)\‘lﬁ’)!@\ﬂﬂ

<
3739137



90

k4
ag_ﬂuazmamummz

agl

dy <

av o =2 ] a2 <
msventuidumsanyimsiildsunsue laa ‘]Ji%muwaﬂigﬂﬂﬁl"lﬂﬂﬁi’ﬂﬂﬁ

e

o v A

a v g o o a 7 3 0
sagsziiavesdunihiuda Tasivuaaaiumsal lumsuasizvidu 5 gluuy wazi
2 av ¢ 4 ' L o
Tsunsugna 1955 FauiulUsunsunaasmuiamaearuiion viszgnaldnu T sunsy
ad a

s o q ¥ a @ Y 1w = A
HITNDA ‘Vl'lclﬁﬁ'lll'liﬂﬂﬁgllluigﬂgiﬁﬂ‘ﬂm@Naﬂigﬂ‘ﬂhlﬂ'ﬂfl'l\“ﬁfﬂﬁ]u Tﬂﬂmumwuwu‘wmm

dy A a a o 9 A A 1 Y ~
NHUNINALHADI miwmmmm;umwmzwummmuazuamwaﬂw Tﬂﬂﬂizmawamu

9
v A

I o 2 Y
aoumsainfnvuagiagdua laasd
o d' Y %
1. MImnaszaznlasuransznuaelilsunsuslas
=< 1 oy v A a
1.1 MIANHINANTZNUNNMIUNT NIV BT uaauus luda v

9
HANTZNLINMIUNTNTZIBVRRITURAIA viIngaauung losziroazidn
d' a QJ 1 a a 9}::1 v A A a U
LLﬂu%@TﬂWﬂﬂiq%‘ﬁiuiNﬂﬁJ ﬁ]%!ﬂﬂ@TﬂﬁﬁﬂJﬂﬁ@]hlﬂ ¥ useeesal 14 was NUSuam
I A A [ Yy 9 3 ! Y A A a
ANUYUNENTZAVANWANTY 100 mg/m ilzﬂ’ﬂ(lﬂﬂ”li'i%ﬂ?&llﬂ@ﬁ’iiﬂ’ﬂﬁllﬂﬂﬂﬁﬂigﬂﬂ'}:uuiﬁ
A A Aa Yo 1 d a A o Yy Y A 33314?‘11 o
NIDITYYIN mﬂllmummmgﬂuwymz@ummmmmﬂ 500 mg/m nanyunuileveaiu

Ana

1 g/ o 1 [2) 4 1
1.2 ﬂﬁﬁﬂy'lNaﬂi3“I/]‘]Jiﬂﬂﬂ'lil,l,‘Wiﬂi$ilﬁlellﬂxﬂﬂhua!,%mmUﬂQMWM?Jﬂﬂ'l“]f Lﬁﬁ]@,ﬂ1

msaa bl

gananansznuesny lumuasinaasvesmsseida (LEL) Taeluszessail 14

Ao A Y 9 1 Y 1 Ay =
AT mﬂigﬂ‘lfl‘iﬂﬁanmﬂ’aml"lmﬂlu 1,300 ’d?uslumuﬁﬁu N30 39982 10 VUBIATVAVINAANN

4
v v

gaiuluszezsatanandestmathsg e lildinadlszme T



91

Y
1.3 ﬂﬁﬁﬂ‘hﬂwaﬂigﬂ‘]Jﬁﬂﬂﬂ'lilﬂ/‘liﬂigi]18%®Qﬁ1ﬁuaL°ﬁﬁLLUUﬂiﬁLﬂﬂi%ﬁJﬂﬂl@\‘i IGEY

nuenals 'l

] < o d 4 o
Tsunswe Tas liensoudasnassnuuiunuuinouioiogizaun

o w A

@ 4 Yy 9 :’ O A 1 1R I3 J
ﬁ'WﬂﬂJ"ll@\‘lﬂﬂuﬂ’ﬂiJﬂuulﬂ mmzmmmmumm%azmﬂumumma 3Jﬂ1uliJﬂ\‘1L‘1JfJﬁl°b'uﬁ

g

drunguMgaNNaMIeIia
1.4 msfinywansznunmsnamas iy Pool Fire

HansznuLaaIenu lugUnuumMsuHsidnmouves Pool Fire Tagluszeos
v A 9 v A Y a o d = [ Y = 3
SR 13 A3 ANUTNYDITIAANVITOU 10 N 1adInAdaMI1uunT UseAUEUATIBDITY
a A 9 o A 9 v A 9 a v d
@830 taz In3aa3191A13gNMIa1e HazNANINUBISIAAINTY 5.0 A laTaadaen131e
o Yy 1 v A A 9 o v A a 9
was azilddnedlusatimauwa lvdszd 2 nagluszezial 14 was wiRannuduves

[

= 9 a v d o Yy ' v A Yo < I
Fadanuiou 2.0 Aladaddemawas hlddnedlusal ldsvinaduiluimanme
1.5 MIANHINANTENVIINMITZIAUUVVAY (BLEVE)

HANINIZNVIINMIAATLTANUVUED AU 1HAAINNITULUTTIUAN
] H b4 Y Y
Wesnnmsnamas lnd TagransznuninaiulinaunadunsenmMsnInszevessudIy
d‘ = o a d! 1 a =S
YOINBUUITY tHonTiussananmsszide ¥aldsunsy luaunsalsziiiuanudone
d' a d? 9 1 d‘ a T A 9 9 [ dd’
nAedu 1 ua lsunsuansanzlszlunansznunnmsunssdanuionlq Taosaiin
9 = 9 a o d o Yy ' v A A
285 1A ANVVVYBITIAANNITOU 5 N ladadaomaauuag sz Ivgnedlusaiinauna
Yo < = v A v v v Ay o o1
wwoanaz 1AsUINARY tazNszezsalin 548 was aAnuduvesidanuion 2 Alatadse

o Yy 1 v A Aa
ANTNUUNT fﬂzﬂﬂﬂlﬂﬂﬂgﬁlUSﬂMﬂmma

MINHAMIITINDIIHANTZNVUBIANUTULTINNMTHANAL Indiiaz sziliavean

I g’ v A T A A A o ] Y = a
nuhduasanedanaulene ﬂ'J']11ﬂa@ﬂﬂﬂ‘llﬂﬂwuﬂﬁﬁlulmgﬂéﬂﬂfuiﬂﬁmm PFINTNNANTT
o Y] ~ 4 [ ] [ Y A [ =} a 9 o a Y]
m”l‘ma Wa\‘]ﬂWﬂﬂQﬂﬂimﬁﬁTﬂﬂ‘].lﬁﬂ]uﬂ]uﬁllﬁ'\i YYIUADUNY %ugmnu@mmmum’n‘ﬂ@mu

a ~ v A K A Ao o A A I A A A a
ﬂ']ﬁ@]ﬂ”lw%ﬁgﬂx 14 wasnun suiluaandg UNGA L‘L!'t’)\‘ﬁ]']ﬂLﬂuﬂﬂLﬁﬂﬂﬂLﬂﬂﬂ15ﬁ91W!Lﬁ$

o

v

Q

3| a
’qﬂmmﬂum’iixmﬂ



92

2. mstlsziiumansznuaeyurulnainaslaglilisunsuelasswiulsunsuaninden

X ad
sazlsunsunine 1955
= T A 9 S A a 9
2.1 Fanmsunssdnnuiou nsdinamas ndiuuu Pool fire

{ { a < 1 o w a {1
mﬂmwuwuﬁﬁmuﬁm@mq CHUIDIATATUNIIU “]JiL'Jmﬁ‘WﬂW’EJH"UENEﬂﬂ'Ii
9

Yy A S A o A o A Y} IS a A AdAA
VWA LASADDIUN ‘I/lﬁlgcl,u!flmizﬂziﬁuﬂﬁLLN‘Nﬁ‘ﬂ’Jmiﬂu 14 U919 Lﬂuﬂﬁljmwuﬂ'ﬂw

~ d' Yo o a a Y
mmmmqqmﬂmuaumswmﬂmimmwaﬂwu
Y= T A 9 A A a an
2.2 FAUNITUNIITAINIDU NTULNANITISIUALUVUAD

nmurunagouiiname luaszezSalinsunsadanuiouniuouasio 548
1 A Y = A = @ Y <
WA AINANTENUABNDIANTIUAT guaUDs TasTou sauDeauunran idunesa Ty

Y

A AdAa A A Yo o a A a an
W‘Ll“l/]“l/]iJﬂ’NiJLﬁENQQVIllﬂi‘]Jﬂu@S”IﬂmﬂmiLﬂﬂgﬂll“ll\lmﬂﬂMﬂﬂﬁﬁzmmmﬂﬂﬁ’a
= Y Y Y Y : ad
3. MIANHUATUNUUASIZESIANO NN uaznmzaumqmﬂiﬂmnmgma 1935
Y A a @ a
3.1 53831/]1\‘]&Lﬁ$£’3ﬁ1i]1ﬂ15\‘1wEﬂ"UTsﬂﬂﬁLﬂEJ\‘]W]U‘VH\?]lﬂﬂﬁﬂi}@tﬂﬂlﬂi{]
o ¥ < . Ao o A v
3.1.1 mpjmmwmﬂ@mmwaﬁﬂﬂwmmawmzﬂzmaaumq@ LL@ZGI,"lﬂ,’mW
a 3 A A Y Y a =
LQH“VINLTJ‘I/]’Q(@ LLASAND Iﬁ\iWﬂTiJ1ﬁ‘Wi$ﬂiJLﬂ1 iwgaamumq 5 UIN UATILISNIN 2.2

Alawns

Y v 9 < y3 A Y
3.1.2 5f|°WfﬂlnasllENI?\TWE”U']aﬂa@Q@]uN'ﬁU@U'lﬂmllllﬂlﬁj e Iﬂﬁﬂf’]ﬂ’]ﬁ']

AUNIINDIYATINNG 3 U 5282V 2.2 U9

@ < { a [l
3.1.3 iﬂWfJ']‘]J']aGIJ@QIi\iWEJ']‘]J']ﬁLW%ﬁL'J%%%?J'ﬁUI%j‘ll”lﬂ!ﬂﬂﬁﬂﬂlﬂﬂlﬁﬂ LLa%ﬁ'\?ﬁﬂ

4 o [ < { a a
Tsawennarieiimssne laianga Taeldauaunis 10 il szezn1c 4.8 dlawas



{ [ a [ a 9 a
3.2 szgzmataznaNsoaumasvesaniiaumasIndifesndgamame

] a =] a o = a Y3 9 a )=}
ii‘lﬂ‘U!WaQﬂlf]\i?fﬂ1L!ﬂULWﬁ\‘]UNﬂ%ﬂNWﬂiﬂﬂlﬂﬂLWﬂqmﬁ'} Gl“mmmumq 4 UM

FTILMTIAUNIG 3.2 N A

9 2 aA¢ = Y] A A 19 ya 2y <3
ﬂ’lﬁﬁlslfiﬂﬁllﬂﬁllf‘]lﬂa 193D ﬁﬂ‘lg1Lﬁu°l/IN‘VIﬁ]$’é)W€JW‘1/1EJQGlﬂmﬂEN WINUNTLIALY LA

Anpudunensdinizonsone111a0n T5aneIaIAAZUHIAUNINIgAINANME 5N

=1

dunannamiiaumasiozansziumghgamang awsom lddlszamauneuen

q a a

a o A ] { 1 3 {
anmudadullszenuauudaiteauieglndifies Iidingemae 1A nge waz 14

sreznanauNIiosiga

93



94

VolaudIUL
YV o U U
VorguauuzdnsT UM Inannllsunsy

A dy A a Y 1 3} A a
1. ﬂ’JiL‘Wll“]J5$Lﬂ‘l/]"llE]Qﬁﬂ'IWWuVILﬂmWGﬂﬂmLWEN‘LH LWE]‘]J?ZLBJH?]’J'IN;HLL?WIEN

AAA A Y

J { a A 4 { [ 3} o 9
Lﬁiﬂﬂ'ﬁmq}ﬂﬂﬁ'ﬁ!ﬂh‘ﬁMWH Lm')ﬂ'ﬂllEulliﬂﬂlﬂﬂﬂ'lilﬂﬂl,wm%uﬂiiﬁﬁN’ﬁiJﬂ‘]Juﬁ]g‘V]'lclﬂﬂ'li
A o dyo Y ' A g’ o ] = 1 A A
ﬂizmuaﬂymzumﬂtymﬂ uaﬂumuGumm*j“h'lvimmmuﬂmm’nﬂi}mwammimaauw

1 %) & g A = a o A
LAZNITUNTINITSATIYUDINY %QLﬂHﬂ'liLWiJﬂ’J'IEJLﬁENGU?Nﬂ'lilﬂﬂﬁ]ﬂﬂﬂﬂ

A o o Y a d' a o
2. ﬂ')i11W@Jlﬂfﬂ3‘141\‘111!"1]?]\111J3Lm'51191ﬂé'ﬂ Glfl’iﬁnJTii‘l‘lJ'igliJl.lWﬁﬂig‘Vl‘U‘mﬂﬂﬂTﬁ'i'J
1o A £ J v v = ' o A Y o w
AMNUHAINUUAIUNUA “]f\?“]JNﬂﬁ\'iﬁfJ\ﬂ%ﬁ%EJ%L’JaTVlﬂﬂﬂﬂ'ﬂ 1 "If’JIiN IHBDNIINUDIINAUD
A o a Y 9 A A a dg’ [] o o
T‘]JﬁllﬂﬁJ@IaaTI/I%$ﬂ1ﬂ1§ﬂﬁgmuﬂ3'mL‘lJiJéUusU’f)\iﬂ'"liWHVILﬂWUuﬁluﬂf'N 1 “H'JI?NLLiﬂu‘UﬂWﬂ
A A o 1 qul o Yy Aa AA A o I ~
NNANITITAUNMUU m%"lummmﬂizmuWaﬂﬁmucluﬂﬁmmﬂ@mﬁﬂwmﬂunmmu N
1 o 9 =& ) d? <3 A A ~ Yo I a
WINNI 1 “H’JI?JQVI&’] GINNaﬂ'§$°ﬂ‘Uﬂ1ﬂﬂ'lﬁiﬂu'lu"lll‘!ﬂfﬂgﬂ‘]_liljmﬂllﬂiﬂN'ﬂﬂﬁg‘ﬂ‘llLﬂullﬁl')ﬂ!
9 d? o Y zﬂy ~ o’/’ A Yo Y] s
NINUINVU ‘VI'IGlW‘ﬂiTU‘WH‘VIﬂiﬂﬂﬂqu'ﬂﬂﬂﬂﬂ'ﬂﬂT%ﬁ]gulﬂﬁﬂﬂﬁﬂi%'ﬂ‘ﬂ!mgﬁ'm'liﬂ‘l]ﬂmiﬂﬂ

puanstlesiunazaanansenyldegramungay

3. Wann Tdsunsuliausaten Toadu TUsunsu Google Earth Taops
Y o (%4 a v
VorauoNU IS UUIEN

4 Y
mstatuwuilesiuuazsesiumanniunssinamssa Ivauazsaidavestiiu
= <R o Y 9 A 9 AA a 9 1 dgl £ o 9
Ala saudaialRImIFeua Ny ilonadoutazud lunsaiinado UNNT 0l uFz i A
[ [ a A a A s A a 3 a a
uwutlosnunazsossumanniauiidszansnim enansoud luaoiumsalilomamaiuese 8n

QSJ‘ I 9 o 1 =
mrﬂumimimwmmqumﬂllﬂemwumm



95

1PNANIHAZTI019D9

a (Y] (Y] (Y] d A
NINAIUANNANY. 2551. ﬂ’l’@gmﬂqaumm!mzmﬁﬂmm. Llfl’iaﬂcﬁllﬁlihttD://deS.DCd.EO.th,

14 QUATWUST 2551.

a o & 4‘ = Y Y Y a
NINUAIUANNANY . 2548. Iﬂi!!ﬂiNﬁ1!§i]§ﬂ!1/‘lf’)!ﬂiﬂ?~lﬂ3]3~l1/‘liﬂNﬂ'mﬂ1§ﬂ®ﬂiﬂ!ﬁﬂﬂﬂlﬂu
= 1 = = % 1 d'
ANAIAN. FIUTTIANLASVDUTYIDUATIY. UUAINU:

http://www.pcd.go.th/info_serv/haz_cameo.html , 20 Qumﬁuﬁ 2551

v
o w

a [ yd‘ % = A
NIUFININAINU. 2551, ANNINYINVHINUALYQ. UWAINU: http://www.doeb.go.th ,

20 QUANWUT 2551.

WA IFaTAUL. 2549. MIUITTUANNFUNIWBIVAINHTVTINTINANYIIIMY
a a a J a a Y 4
Mas@eanriad. meinusilSya In, viInedunyasmans.

4 a a % :’ U (% Z’ U

uau uasgRIIN. 2548, Mmlsziiuanuguus e argaIndit il uadaiiy
& a a a Jd (Aa a [ o
waImas. Ieninuslsyy In, umInedenyasmdas.

Aaa v Jd o Ja (Y a ¢ A o '

UFIanl Jannuunne. 2548, mswannldsunsuneniianmes memuUIMMUNINGZIVDY

= Yy Y g’J d' a a 7 A a [ o
%’n5&?11119]8]1‘]‘!@’1!‘]‘1!?13131!62]@. ’NIEJ"IHW‘L!‘E‘]JTEIJ‘EUUWIVI, UN1INIAYLNHATATAT.

fAan unnaoi. 2548. Mmstszmiuanu@ssvesndufutaz MY BIWAIMaZ M

a = a a Jd a a Y 4
ﬂimsaﬂu ian. mmuwuﬁﬂityﬂgﬂm, UHIINIAYNHATANTNT.

dninnernsaioinia. nsugatouiner.nsznsrunalulagensaumauaz Msdoas.2550.
aamzeaimavesdszmealng w.a.2540. uvasnmn http://www.tmd.go.th

/programs/uploads/yearlySummary/weather2549-1.pdf, 10 Qumﬁuﬁ' 2551.



96

a o 4 o Y
ANH NNYITUYITU. 2547. msﬂ‘;zqﬂmﬂﬁﬂﬁummiam Aloha MMEMINILUNIVDIAT
G ﬁ' o a o U Y
ﬂaasuma3ma‘n1ms‘iJszmuwamz‘nummmsﬂamzmﬂ HagNMNIAAAINNUN Y
U =) wva v Q’J a a J a
‘ﬂ’tNﬂu!!ﬁ%ﬂﬁiﬁ’nﬂ31N!ﬂﬂﬁ1ﬂﬂ1ﬂQUﬂﬂﬂﬂ1ﬂﬂ"lii’ﬂ‘ﬁﬁ. ’Jﬂﬁlﬂlwu‘ﬁﬂii}jmﬂiﬂ,

a @ 4
U INYIUNHATAITAT.

I A a = Y U a
iy 015uala . 2543, gilemslilisunsuneufiuneslumsinIsundensuazgmiy uaz
M3dai R uIAN1IZRNAY 910 1151053 Cameo computer aided management

4 Y]
of emergency operation. gudmalulasanuiaoasns, ngamnd.

Jesse C. Ducommun . 2004. Tank Farm and (un) Loading Safe Operation .Sunbury-on-

Thames. UK.

Louvar, J.F and B.D Louvar . 1998. Health and Environment Risk Analysis Fundamentals

with Applications. Prentice Hall, Inc.,New Jersey.

National Oceanic and Atmospheric Administration. 2008. Chemical data sheet for FUEL OIL,

DIESEL. Available Source : http://cameochemicals.noaa.gov/chemical/11452 , April

21,2008.

United States Environmental Protection Agency. 2008. Emergency Management. ALOHA

manual. Available Source : http://www.epa.gov/oem/content/cameo/aloha.htm , March

4th ,2008.

United States Environmental Protection Agency. 2008. Emergency Management. CAMEO

manual. Available Source : http://www.epa.gov/OEM/content/cameo/cameo.htm ,

March 4th,2008.

United States Environmental Protection Agency. 2008. Emergency Management. MARPLOT

manual. Available Source : http:/www.epa.gov/OEM/content/cameo/marplot.htm ,

April 21,2008.



MANUIN

97



MANUIN N

9
doyannulasanovesiniudma

98



Y

ToyanNuasaigvestiniufiva

. ¥aauann il : 1hluGiwa : Diesel Oil

. anwazna il
%ﬂﬁjﬂﬂﬁuﬂ] : Fuel Oil , Diesel Fuel ﬁ'
CAS No. . 68334-30-5 FLAMMABLE

2
. mslslselawal Iilugemag 3

. Anasgrumazailui

LD (un./nn.) >5000 mg/kg
IDLH(ppm) : 600 ppm
TEEL-1 : 100 mg/m3
TEEL-2 : 100 mg/m3
TEEL-3 : 500  mg/m’
TLV-TWA(ppm) : 100 mg/m’

5. QMEANUANIINYNNIAZIAN (Physical and Chemical Properties)

ORE ; YBAUHNAD
= = =
a . A0
nau - UluAra
imiinTuana : 180 g/mol

I~ o
A0A (F) : 338

A 2 o
ALONUUN (F) : =30

Y

ANUDWTUNE 0.8 (U1=1)
anurusule : 5-6 (91MA =1)
anuaule (adwesdsen)  : 2.17 mm.Hg 91 70 °F

9 Y
ANuETn lumsazaiein (ﬂ%lil/IOO uaaang) hlllﬁ%ﬁ?t’]ﬁ'l
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6. SUNTILADUNINOUINY (Health Effect)
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0 q ¥y A Ao o . £ ~ 4 o
Lmzuﬂw1511amamv1m1mmﬁ¢gﬂ53mm Laminated film AT HTEISLIDTINAEN

Q

Y a ] o . . !
TAiRaMsFuAUMITIY099930 (Permeation Breakthrough time) ¥1n31 480 W17 tazA5 T
@ A A . . ] v A o Jq ¥ A A
9A31IMIADUANINUDIYING (Degradation Rating) 08 1useAuANN uazuuzii v lsgelon
o [ .. £ = A o Y a =< 1 Y A
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. £ = ~ o Y a =< 1 o A .
Polyvinyl Alcohol G])’\'iﬂf]iili%El%L’JﬁTVIi]%‘ﬂﬂﬁmﬂﬂﬁ“]ﬁJN1uW1NGUfNQ\m® (Permeation

Breakthrough time) #1011 360 W1H1 11AzAITIOATINITONTNINYDINIUD (Degradation
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Ratlng) 6@1Ui$ﬂﬂﬂh1ﬂ ua3"l,aJuuzuﬂw1%aauamm1mmmﬁ@;ﬂ53mm Natural Rubber,

Q

Supported Polyvinyl Alcohol
2. maaenszanuinmailesiuszuumela

o T Aa 4 [}
asnendudu iy 1,000 mgm *: 1didenldglnsaiflosiuszuumela
3 { I Y] Y] o P
Faldeasnidsznnimunzauiudigadulunisnios (Cartridge) Taonuzii i 14gUnsain
S 1

1ia1 APF. = 1030 ¥ 19gnsaideemadimsunswiels (Supplied - air respirator) Tag

uugzih W19 nsainiia1 APF. = 10

{1 1A d {
asneanudndu binu 2500 mg/ m *: 19 14g1nssigenelolszinnildms
1 o o A Ao 1 A o 9Yq ¥ S
deomadmsumsniels Faiions1ms lvavesemeuuudeniios Taouuzii i ldginsain
1 < o Aa = . . . . &
1ia APF. = 25 1d 19ginsaiil¥omaAuSqns (Air- Purifying Respirator) ¥ 1415101

! 3| Y o 0 o '
Usznniingauiudigadnlunsnsed (Cartridge) Taonuzihldgilnsainiinn APE. =25

' 1 a 4 @
asngeaudndu binu 5000 mg/ m*: Ididenldginsaitlosiuszuumels

& 9 = ~ I o o . 9 Y <
Falyasmlisznimnzauiudigadulunsnsed (Cartridge) WIDUHIMNUV LAY

o oA v ) a =
wih Tasuuzii i 1dgunsaindian APF. = 50 nie 19 1dgunssithldormausans (Air-

i . Y Y 3 ) £ =~ . o w o

Purifying Respirator) WIdNWHNINLU VAN U (Gas Mask) 493 Canister dmsuileanule

a 4 o s 7 o
sTMoURIETouUns o Iasuuzii v 19ginsainiian1 APF. = 50 n3e W 1¥gunsaivildems

4

VIYNT (Air - purifying respirator) niou tight fitting facepiece (& Cartridge 113 vioarule

sevsvesasounsd laonuzii v ldginsaintian APF. = 50 vieli 1¥g1nsaitremel

v
= [

a Y I o oA '
ANt 1maluda (SCBA) wounthmnuuuduni Tasuuziirld ldginssiniia1 APF.

g o [ . . . 3
= 50 1 19 nsaladeemadmsunisviele (Supplied - air respirator) WO TNAMNUV LA

3

wih Tasuugth 1 1dgunsainiia APF. = 50

Tunsdinamaaniau viematn lldudanuash binswseanududu nse
a { { o J a iy
s T lunsnaniiannzemaiilu IDLH : 1914gUnsaivremelasiianiidseinalu
o ) v < Yy X a o o 3
@7 (SCBA) wiountnmnuuu@uni daimsiinumuuanuaumeluiuuin ( pressure-

demand / positive pressure mode) Tﬂmmzﬁﬂﬁ’i%'qﬂﬂmfﬁﬁm APF.=10,000 n50 1914
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71 o o ) . . Y 9 3 Y X A
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) @ I .. {
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o [l [ 1 g a [ [ Y]
T¥msshauswiuszninginssiviemelariaitweimaludl vazuuuanuaunieslu
I
11/119N (combination with an auxiliary self-contained positive-pressure breathing apparatus)
o P 1
Taguuziihld 14g1lnsaindiann APF. = 10,000
=\ = 4 a Jyq 9 o o 9 a =
lunsaimsviavvtioanninanumsainnay : I lsginsalilvoinmauigns
. AP . Y 9 < Y £ i A
(Air - purifying respirator) WIdNUUININLUUANYIUT (Gas mask) G4 Canister NAINITD
o a 1 P
Hosiuloszimevesarsounis du azeodle wazyu 19 19gdnsainmmngay Tunsding
~ o a 9 ER A Ao Y]
navunileonnamiumsalanaunsenglnsalsremelarialidsonialudi (SCBA) Tay

ungh 1 1dginsainiia1 APF. = 50

& g
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msﬂizmawamniﬂmnsmiam nstfm1m!ﬁwa%’a"lmamzsﬁﬂmﬁzsﬁﬂ

1. mannmsdszuranannmanamss Ivauuu luaa v

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.33 (sheltered double storied)

Time: April 6, 2008 1246 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: DIESEL Molecular Weight: 180.00 g/mol
TEEL-1: 100 mg/(cu m) TEEL-2: 100 mg/(cu m) TEEL-3: 500 mg/(cu m)
IDLH: 600 ppm  LEL: 13000 ppm  UEL: 60000 ppm
Ambient Boiling Point: 170.0? C
Vapor Pressure at Ambient Temperature: 2.29¢-004 atm

Ambient Saturation Concentration: 229 ppm or 0.023%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 knots from S at 10 meters
Ground Roughness: 165 centimeters ~ Cloud Cover: 5 tenths
Air Temperature: 40? C Stability Class: B

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 3.85 meters Tank Length: 3 meters
Tank Volume: 35000 liters
Tank contains liquid Internal Temperature: 40? C
Chemical Mass in Tank: 502 tons Tank is 90% full

Circular Opening Diameter: 3/4 inches
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Opening is 70 centimeters from tank bottom
Ground Type: Concrete
Ground Temperature: equal to ambient
Max Puddle Diameter: Unknown
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 120 grams/min
(averaged over a minute or more)
Total Amount Released: 3.61 kilograms
Note: The chemical escaped as a liquid and formed an evaporating puddle.

The puddle spread to a diameter of 28 meters.

THREAT ZONE:

Model Run: Gaussian

Red : 14 meters --- (500 mg/(cu m) = TEEL-3)

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

Orange: 14 meters --- (100 mg/(cu m) = TEEL-2)

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

Yellow: 14 meters --- (100 mg/(cu m) = TEEL-1)

Note: Threat zone was not drawn because effects of near-field patchiness

make dispersion predictions less reliable for short distances.
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SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.33 (sheltered double storied)

Time: April 6, 2008 1246 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: DIESEL Molecular Weight: 180.00 g/mol
TEEL-1: 100 mg/(cu m) TEEL-2: 100 mg/(cu m) TEEL-3: 500 mg/(cu m)
IDLH: 600 ppm  LEL: 13000 ppm  UEL: 60000 ppm
Ambient Boiling Point: 170.0? C
Vapor Pressure at Ambient Temperature: 2.29¢-004 atm

Ambient Saturation Concentration: 229 ppm or 0.023%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 knots from S at 10 meters
Ground Roughness: 165 centimeters ~ Cloud Cover: 5 tenths
Air Temperature: 40? C Stability Class: B

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 3.85 meters Tank Length: 3 meters
Tank Volume: 35000 liters
Tank contains liquid Internal Temperature: 40? C
Chemical Mass in Tank: 502 tons Tank is 90% full
Circular Opening Diameter: 3/4 inches
Opening is 70 centimeters from tank bottom

Ground Type: Concrete
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Ground Temperature: equal to ambient
Max Puddle Diameter: Unknown
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 120 grams/min
(averaged over a minute or more)
Total Amount Released: 3.61 kilograms
Note: The chemical escaped as a liquid and formed an evaporating puddle.

The puddle spread to a diameter of 28 meters.

THREAT ZONE:
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Gaussian
Red : 14 meters --- (7,800 ppm = 60% LEL = Flame Pockets)
Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.
Yellow: 14 meters --- (1,300 ppm = 10% LEL)
Note: Threat zone was not drawn because effects of near-field patchiness

make dispersion predictions less reliable for short distances.

3. mannmstszunanansdiinasziiavesngurnenvedls a1

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.33 (sheltered double storied)

Time: April 6, 2008 1246 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: DIESEL Molecular Weight: 180.00 g/mol
TEEL-1: 100 mg/(cu m) TEEL-2: 100 mg/(cu m) TEEL-3: 500 mg/(cu m)
IDLH: 600 ppm  LEL: 13000 ppm  UEL: 60000 ppm

Ambient Boiling Point: 170.0? C



Vapor Pressure at Ambient Temperature: 2.29¢-004 atm

Ambient Saturation Concentration: 229 ppm or 0.023%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 knots from S at 10 meters
Ground Roughness: 165 centimeters ~ Cloud Cover: 5 tenths
Air Temperature: 40? C Stability Class: B

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 3.85 meters Tank Length: 3 meters
Tank Volume: 35000 liters
Tank contains liquid Internal Temperature: 40? C
Chemical Mass in Tank: 502 tons Tank is 90% full
Circular Opening Diameter: 3/4 inches
Opening is 70 centimeters from tank bottom
Ground Type: Concrete
Ground Temperature: equal to ambient
Max Puddle Diameter: Unknown
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 120 grams/min

(averaged over a minute or more)

Total Amount Released: 3.61 kilograms

Note: The chemical escaped as a liquid and formed an evaporating puddle.

The puddle spread to a diameter of 28 meters.

THREAT ZONE:

Threat Modeled: Overpressure (blast force) from vapor cloud explosion

110



Type of Ignition: ignited by spark or flame
Level of Congestion: congested
Model Run: Gaussian

No explosion: no part of the cloud is above the LEL at any time
4. wannmslszunananidinamas 1l uazsziiauuy Pool Fire

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.33 (sheltered double storied)

Time: April 6, 2008 1246 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: DIESEL Molecular Weight: 180.00 g/mol
TEEL-1: 100 mg/(cu m) TEEL-2: 100 mg/(cu m) TEEL-3: 500 mg/(cu m)
IDLH: 600 ppm  LEL: 13000 ppm  UEL: 60000 ppm
Ambient Boiling Point: 170.0? C
Vapor Pressure at Ambient Temperature: 2.29e-004 atm

Ambient Saturation Concentration: 229 ppm or 0.023%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 knots from S at 10 meters
Ground Roughness: 165 centimeters ~ Cloud Cover: 5 tenths
Air Temperature: 40?7 C Stability Class: B

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical is burning as it escapes from tank
Tank Diameter: 3.85 meters Tank Length: 3 meters

Tank Volume: 35000 liters
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Tank contains liquid Internal Temperature: 40? C
Chemical Mass in Tank: 502 tons Tank is 90% full

Circular Opening Diameter: 3/4 inches

Opening is 70 centimeters from tank bottom

Max Flame Length: 7 meters

Burn Duration: ALOHA limited the duration to 1 hour

Max Burn Rate: 186 kilograms/min

Total Amount Burned: 5,986 kilograms

Note: The chemical escaped as a liquid and formed a burning puddle.

The puddle spread to a diameter of 26 meters.

THREAT ZONE:
Threat Modeled: Thermal radiation from pool fire
Red : 13 meters --- (10.0 kW/(sq m) = potentially lethal within 60 sec)
Orange: 13 meters --- (5.0 kW/(sq m) = 2nd degree burns within 60 sec)

Yellow: 14 meters --- (2.0 kW/(sq m) = pain within 60 sec)

5. walszyanauuUMSINANISILaLUL BLEVE

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.33 (sheltered double storied)

Time: April 6, 2008 1246 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: DIESEL Molecular Weight: 180.00 g/mol
TEEL-1: 100 mg/(cu m) TEEL-2: 100 mg/(cu m) TEEL-3: 500 mg/(cu m)
IDLH: 600 ppm  LEL: 13000 ppm  UEL: 60000 ppm
Ambient Boiling Point: 170.0? C
Vapor Pressure at Ambient Temperature: 2.29¢-004 atm

Ambient Saturation Concentration: 229 ppm or 0.023%
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ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 knots from S at 10 meters
Ground Roughness: 165 centimeters ~ Cloud Cover: 5 tenths
Air Temperature: 40?7 C Stability Class: B

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
BLEVE of flammable liquid in vertical cylindrical tank
Tank Diameter: 3.85 meters Tank Length: 3 meters
Tank Volume: 35000 liters
Tank contains liquid
Internal Storage Temperature: 40? C
Chemical Mass in Tank: 502 tons Tank is 90% full
Percentage of Tank Mass in Fireball: 100%

Fireball Diameter: 446 meters Burn Duration: 23 seconds

THREAT ZONE:
Threat Modeled: Thermal radiation from fireball
Red :LOC was never exceeded --- (10.0 kW/(sq m) = potentially lethal within 60 sec)
Orange: 285 meters --- (5.0 kW/(sq m) = 2nd degree burns within 60 sec)

Yellow: 548 meters --- (2.0 kW/(sq m) = pain within 60 sec)
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CHEMIGAL DR
Chemloal Mame: ALLYL GLYCIOVL ETHER  Molecular Welght: 118,18 g/mol

10LH: 50 ppR LEL: 18108 ppm UEL: 192008 ppm Model Run: Gaussian
Garcinagenic risk - see CAHED Red 1 22 matars (80 ppm = TDLH)
Asblent Boiling Polnt: 154.07 € Note: Threat zone was not drawn because effects of near-fiel
vapor Pressure at fmbient Teaperature: O.010 atm . - n o% 0 3 :
ARbient Saturation Concentration: 18,311 ppm or 1.03% make dispersion predictions less reliable for short dist
ATHOSPHERTC DATA: (WANUAL [THPUT OF DATA)
uind: 7 knots From § at 10 meters
Cloud Cower: & tenths
Stability Class: 0
Ho Inuersion Weight Melative Numidity: Sog

ROUREE STROHETH:
Leak from hole in vertical cylindrical tank
Flannable chemical escaping frem Lank (nel burning)
Tamk Dismeters o

meters Tank Lengths o meters

Tank Uolume: J5000 1iters

Tank contains liguid Imternal Temperalure: &O7 G
Chenical Mass in Fank: 32.9 toms Tank is 90% full

Circular Upening Diameter: 374 inches

Opening is FU centimeters From Lank boltom

Cround Type: Concrete

Ground Temperature: equal to asbient

Hax Pudile Dismeter: Unknows

Release Duration: NLOWA Limited the duration to 1 hour

Max Mwerage Sustained Helease Rate: 953 grans/min
[averaged ever 3 minute or more)

Total Amount Released: 32.0 kllograns

Hote: The chemlcal escaped as a liquid and formed an ewaporating puddle.

The puddle spread to a dianeter of 15.0 acters.

THREAT ZENE:
Hodel Run: Baussian
Red 1 37 meters --- (50 ppR = TBLH)
Hote: Threat 7one was not deawe hecause eFfFects of near-Fisld patchiness
make dispersion predictions less reliable For short distances.
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Chenical Hame: ALLYL GLYCIDYL ETHER Holecular Weight: 114,14 g/mol -
1BLH: 50 ppr LEL: 14108 ppn UEL: 193800 ppr
Garcinegenic risk - see CANLO

onbient Roiling Polnt: 154.67 ©

Vapor Pressure ab Anbient Temperature: U
fmbient Saturatien Concentration: 1

Threat Modeled: Flammable Area of Vaper Cloud
Model Run: Gaussian

uoatm
11 ppm or 1.00%

Red : less than 10 meters(10.9 yards) --- (8,460 ppm =

ATHOSPIERTE BATA: (HAMUIAL THPUT OF DATA) Note: Threat zone was not drawn because effects of near-f
wind: 7 knats from § at 10 meters make digpersion predictions less reliable for short dig
Ground Roughness: 165 centimeters Eloud Cover: S Lenths Y¥ellow: less than 10 meters(10.9% yards) --- (1,410 ppm =
Ar: Tenperat uoe: NNT:C FrablIity Crace: ¥ Hote: Threat zone was not drawn because sffects of near-f.
Wo Inversion Height Relative Humidity: Se%

make dispersion predictions less reliable for short dig
SIUREE STREHGT

Leak from hole in vertical cylindrical tank

Flannable chemical escaping from tank (not burning)

Tank Dismeter: 3.85 meters Tank Length: 3 meters

Tank Yelume: 15000 liters

Tank contains liquig Internal Temperature: 407 G
Chenical Mass im Tank: 32.9 tens Tank is 90% Full

Gircular Opening Diameter: 374 inches

Opening is 70 centimelers from tank bottom

Ground Type: Concrete

Ground Tenperature: equal to anbient

Max Puddle Diameter: Unknoun

Helease Duration: NLOWD linited the duration to 1 hour

Max fveraqe Sustained Release Rate: 953 grams/min
faveraged ouer 2 RIS 0F ROre)

Total Amount Released: 32.8 kilograms

Mate: The chenical escaped as a liquid and Formed an euaporating puddle.

The puddle spread to o dismeter of 15.0 meters.

THHERT ZOME:

Threat Hodeled: Flanmable frea of Vapor Clowd

Hadel Run: Baussian

Red  : less than 18 meters{10.9 yards) (8 4hé@ ppn = &L LEL = Flane

Mote: Threat zame was not drawn because effects of near-Fleld patchiness
make gispersion pregictions less relisble for short gistances.

Vellow: less than 18 meters(10.9 yards) 1,410 ppn = 10 LEL)

Hate: Threat zane was N0t drawn because eEFects of near-Field patchiness o

¥
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3. mavinmsszunanansditiaszidavesnguruenvesans 1 1

B acora 5,47

CHEMICAL DATA:
Chemical Hame: ALLYL GLYCIDYL ETHER Holecular Weight: 114,14 g/mol
IDLH: 58 ppm LEL: 15100 ppn UEL: 193000 ppr Threat Hodeled: Overpressure (blast forcel from vapor cle
Carciongenic risk - see GOHED Type of Ignition: ignited by spark or flame
Anbient Hoiling Point: 156 07 © 1 of C 4 ant rad
Vapor Pressure at Amblent Temperature: 0.018 atm LAV Ca ORGAEEL OGN SRRt
Ambient Saturation Concentration: 10,311 ppm or 1.03% Hodel Ru ¢
No explosion: no part of the cloud is above the LEL at an

sian

ATHOSPHERTL DATA: (HAMUAL THPUT OF DATA)
wind: ¥ Wnots From 5 at 10 meters
Ground Roughness: 165 centimeters Cloud Cover: 5 tenths
Alr Temperature: 407 © Stabdlity class: @
Ho Inversion Height Relative Humidity: Se%

SOURCE STHENGTH:
Leak From hole in vertical cylindrical tank
Flamnable chemdcal escaping from tank (not burning)

Tank Diameter: 385 peters Tank Length: 0 meters

Tank Uolume: 35000 liters

Tank contains liguid Internal Temperature: L07 ©
Ehenical Mass in Tank: 32.9 tons Tank is 9% Full

Circular Upening Diameter: 3/4 inches

opening is 70 centimeters from tank bottom

Ground Type: Concrete

Ground Tesperature: vqual tu ambient

Hax Pudole Diameter: Unknowm

Relpace Duration: ALOMA limited the duration to 1 hour

Max fverage Sustained kelease Rate: 953 grams/min
(averaged over a ninute or more)

Total Amount Released: 32.8 kilograns

Hote: The chemical escaped as a Liguid and Forsed an cvaporating poddle.

Ihe puddle spread to a diancter of 15.0 meters.

THREAT 20HL:
Threat Wodeled: Duerpressure (blast force) From vapor cloud explosion
Type of Ignition: ignited by spark or Flame
Level of Gongestion: congested
Hodel Hun: Baussian
Mo explosion: no part of the clowd is above the LEL at any time

MMEUING U3 Wa9nmsia nanaszidevesnguruenvesans 1o lu

a a 9 .
4. waninmivszunanansainamas Induuy Pool Fire

R ALOHA 5.4.1
Fle [dt SteDes Setlp Dugpley Shamg b

TE DATA
Location: BANGHOR, THAILAND
Building Air Exchanges Per Hour: .33 (sheltered double storied)

Tine: May 20, PAE  TN07 hours ST (using cosputer’s clock) Threat Modeled: Thermal radiation from pool firve
Red : less than 10 meters({10.% yards) --- (10.0 kW/ (=g =)
WNCPGEL HATN: Orange: less than 10 meters(10.9 yards) (5.0 bW/ {=q =)
Chemical Mame: ALLYL GLYCIDYL ETHER  Molecular Weight: 11%.1% g/mol DR A TRan. e e PO . 9 =
0Lz 50 ppn LEL: 14100 ppm UEL: 193000 ppm Yellow: less than 10 meters(10.% yards) --- (2.0 kW/(sq m}

carcinogenic visk - ces CAMED

anbient Bailing Point: 15n.@% ©

Vapor Fressure at Anbient Tesperature: U.910 atn
fimbient Saturation Comcentratio 10,311 ppm or 1.03%

ATHOSPHERIC DATA: (MAHUAL THPUT OF DATA)
Uind: # knots From § at 10 meters

Ground Roughness: 165 centineters Gloud Baver: S tenths
fir Temperature: b7 Srability Class: B
Ho Inversion Height Relative Humidity: 50%

SOURCE STREMGTH:
Leak From hole in wertical cylindrical tank
Flamnable chenical is burning as it escapes fram tank

Tank Diameter: 3.8% melers Tank Length: 3 meters
Tank Uolume: 350 liters
Tank contains ligquid Internal Temperature: AO? ©

Chemical Hass in Tank: 32.9 tons Tank is 90% full

Circular Opening Diameter: 3/h inches

Opening 45 70 centineters Fram tank botton

Hax Fuddle Diameter: nknoun

Hax Flame Length: & meters

Burn Duration: ALOMA limited the duration to 1 hour

Hax Burn Rate: 1h.5 kilograns/min

Tokal Amount Burne 7 kllograms

Hote: chenical escaped a5 & liquid and Formed a burning puddle.
The puddie spread to a diameter of 2.8 met

THREAT 2OHE:
Threat Hodeled: Thermal radiatiom from pool Fire
- potentia

»
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5. HalsLuIANALLUMIINANTTZITALLUUAD

Location: BAMGKOK, lci:nme:ers
Rullding Air Exchanges Per Hour: 8.93 (sheltered double storied) 0.75

Time: May 20, 2008 1087 hours 5T (using computer’s clock) //"—_\
CHEHICAL DATA:

Chemical Hame: ALLYL CLYEIOVL ETHER Holecular Weight: 116.1% g/mal
N WEL: 19BN ppe ]

anbient Doiling Point: 154.07 C

vapor Pressure at ARbient Temperature: 0810 atm [
fmbient Satwration Concentration: 10,311 ppe or 1,033 0 ! )
ATHOSPHERIC DATA: (MANUAL INPUT OF DATA) j
uind: 2 knots from 5 at 10 neters = K Y,
Ground Roughness: 165 centimeters Cloud Cover: S tenths 0.25 g
fir Temperature: 407 € Stability Class: B 31
Ho Tnwersion Height Relative Hunidity: S8
SOURCE STHEWGTR:
BLEVE of flanmable liquid in vertical cylindrical tank
Tank Diameter: 3.85 meters Tank Length: 3 meters 0.75
Tank Unlume: 35000 1iters A 1 0.5 o 0.5 1
Tank contains liquid .
Internal Storage Temperature: 407 © kilometers
Chenieal Mass in Tank: 92.9 tens Tank is 90% full [ »= 10.0 kW/(sq m} = potentially lethal within 60 sec
Fercentage of Tank Hass in Fireball: 100% — treh
Fireball Diameter: 180 melers Burn Duration: 12 seconds | »= 5.0 kW/(2q m) = Znd degree burns within 60 sec
[ ] >= 2.0 kW (sq m} = pain within 60 sec
THREAT ZOHE >

Threat Hodeled: Thermal radlation from fireball

Red @ 007 meters --- (10,8 BUS{sq potentially lethal within &0 sec
Drange: K18 pelers (5.0 kWS {5y nd degree burns within 68 sec)
Vellow: 685 mebers (2.0 KW/ Csq m) = pain within 68 sec)

MNRUINN U5 #a1NMIT2 Inanamsszdanuuuad
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2.5 na1jy OK 00N INNIIIA1I Layer List

2.6 'l Edit => Insert Picture Object #99211JA11118119 “Insert Picture Object”

Insert Picture Object

Do you want to insert a picture as an object
on an already-existing map. or as the first
object on a new map?

Use Existing Map Cancel |
Make New Map | Help... |

2.7 1i9n Make New Map #4931 1inana19143ii58731 Use Clipboard Picture
1 3 1 1 1 4 o J
Inatlu File 91mivazdsngniiiaeluiiseni1“Choose Picture File” tiord lida Inamos

{ d 1 1 Qal a 5) 1
nldmnuamunuiuuana *bmp 1 1d0nms 14 TUsunsugina 1855 udanaily Open

Use Clipboard Picture?

Do you want to use the picture in the
clipboard, or one from a file on disk?

Clipboard File |

Choose Picture File Iil@

Select & picture fle.

Lock in: | 5 dvuimdiamu | % -
ICNew Folder (2)
5 dwvnaluTsmanatndidie
G Gbu e

{ \
File name: [Mars Open

Files of type:  [Bitmap Files [* bmp) =] Cancel
Help

2.8 NANTNANNIEENIT “Object Settings” 1%nA1)1 “Geo-Reference”

Object Settings
[t Mar 5.bmp]

Set | Layer: Oil Tank Case

Set | Map: Mar 5

Owner: USER Lacation: 00000
Modified: 4{27{08 By: USER

Set | Class: unclassified feature

Type: Picture
File in map folder: Mar 5.bmp

Geo-Reference

oK Cancel Help... ‘ Position
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whdvenlaen liflu uovnineay 2 ldfdai ”ﬂgﬂ 2 naju OK
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Click ta repasition paint 1. o [EpelrE
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Set | Layer: 0il Tank Case

Set | Map: Mar 5
Owner: USER Locatlon: 00000
Maditied: 427108 By: USER

Set | Class: unclassified feature

Type: Piclure
File in map folder: Mar 5.bmp
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N19 Set Source Point

[ E4
1. Aaldsunsuelae mnitldlddoyadanauadeduauysal 18 Footprint onIN

B ALORIA 5.4.1
Fio ER Stelatn Sellh Diley Shai Hel

& Jext Summary 1 0 Thermal Radiation Thresl Zane
Location: BAHCKOK, THATLAND

Building Air Exchanges Per Hour: B34 {sheltered double storied)
Time: March 22, 2008 1041 hours ST (user specified)

meters
1%

GHEMIGAL DATA:
Chemical Hame: DIEZEL Holecular Weight: 200.00 g/mol
Default LOC-1: 100 ng/(cu m) Default LOC-2: 108 ng/(cu Default LOC
ERPG-1: 100 m/{cu ERPG-Z: 100 mg/icu m}  ERPG-3: ngsien my
I0LH: 600 ppn L o ppe UEL: 40000 ppR
Anbienl Boiling Point: 10607 ©
Uapor Pressure at Asbient Temperature: 1.05¢-88h atn
Ambient Saturation Concentration: 105 ppR or 8.011%

ATHOSPHERIE DATA: (MAMUAL THPUT OF DATA)
Wimi: 3.5 miles/hour from § at 10 meters

Ground Roughness: 185 centimeters Cloud Cover: 5 tenths
Air Temperature: & 4 Stability Class: B
Mo Inversion Helght Relative Humidity: St

SOUHCE STREMGTH:
Leak From hole in werticel cylindrical tank = e " by -
Flannable chemical is burning as it escapes From tank 20
Tank Diameter: .05 meters Tank Length: 2 meters metercs
Tank Uslume: ROOON Liters . .
Tank contains liguid Internal Temperature: BO7 G 10.0 kw/(sq m) = potentially lethal within 60 sec
Chenical Hass in Tank: 649 Lons Tank is 87% Full .0 kW/{sq m} = Znd degree burns within 60 sec
Circular Opening Piameter: 374 inches 0 ks £ ithin 0
fpening is 5.0 centimeters from tank hottom -0 ki/{sq m} = pain within sec

Max Puddle Diancter: Unknoun

Max Flame Length: & meters

Burn Duration: ALOWA limited the duration to 1 hour

Max Burn Rate: 122 kilograms/min

Total Amount Aurned: 3,868 kilograns

Hote: The chemical escaped as a liquid and formed a burning puddle.
The puddie spresd Lo a dismeter of 22 meters.

THRCAT ZOHE:
Threat Modeled: Thermal radiation from pool Fire
Hed @ 11 meters (100 kW/(5q ) = patentially lethal within &0 sec)
Urange: 11 meters —-= (5.0 kW/(sq A} = Znd degree burns within 60 sec)

File Edit SkeData SetUp Display

Sharing
About Shared Menus. .,
Edit Shared Menus,

&l Text Summary hermal Radiation Threat Zone
SITE DATA: -
Location: BANGKOK, THI  CAMEOFm >
Building fAir Excnange{

Time: Harch 22, 2808

meters
15

ble storied)

CHEMICAL DATA:
Holecular Weight: 280.88 g/mol
Default LOC-2: 168 mg/{cu m) Default LOC

ERPG-1: 180 mg/(cu m) ERPG-2: 188 mg/(cu m) ERPG-3: 588 mg/(cu m) 5
IDLH: 688 ppn LEL: 138080 ppn UEL: 68880 ppn

Ambient Boiling Point: 176.77 C

Uapor Pressure at Ambient Temperature: 1.85e-884 atm 0

Ambient Saturation Concentration: 165 ppm or 0.811%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind: 3.5 miles/hour from S at 10 meters 5
Ground Roughness: 165 centimeters Cloud Cover: 5 tenths
Air Temperature: 402 C Stability Class: B
No Inversion Height Relative Humidity: 50%
SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank 15
Flammable chemical is burning as it escapes from tank 20 10 0 10 20
Tank Diameter: 5.85 meters Tank Length: 2 meters meters
Tank Uolume: 48800 liters 5 3 ;
Tank contains liquid Internal Temperature: 407 C »>= 10.0 kW/(sq m) = potentially lethal within 60 sec
Chemical Mass in Tank: 649 tons Tank is 87% full »>= 5.0 kW/{sq m}) = 2nd degree burns within 60 sec

Circular Opening Diameter: 3/4 inches

Opening is 50.8 centimeters from tank bottom

Hax Puddle Diameter: Unknown

Max Flame Length: 6 meters

Burn Duration: ALOHA limited the duration to 1 hour

Max Burn Rate: 122 kilegrams/min

Total Amount Burned: 3,868 kilogranms

Note: The chemical escaped as a liquid and Formed a burning puddle.
The puddle spread to a diameter of 22 meters.

D »= 2.0 kW/{sq m} = pain within 60 sec

THREAT ZONE:
Threat Hodeled: Thermal radiation from pool fire
Red : 11 meters --- (10.0 kW/(sq m) = potentially lethal within 60 sec)
Orange: 11 meters --- (5.8 kW/(sq m) = 2nd degree burns within 68 sec)

< I | >
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o A = A .
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