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IMPACT EVALUATION OF LPG LEAKS FROM TANK FARM

: CASE STUDY HORIZONTAL CYLINDER STORAGE TANK
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Thippawan Angsiri 2007: Impact Evaluation of LPG Leaks from Tank Farm: Case Study
Horizontal Cylinder Storage Tank. Master of Engineering (Safety Engineering), Major Field:
Safety Engineering, Interdisciplinary Graduate Program. Thesis Advisor: Assistant Professor

Jarun Chutmanop, D.Eng. 139 pages.

This thesis is to study and evaluate the impact of LPG leaks from tank farm of a large scaled
industry in Bangkok. The ALOHA program is used for evaluating the characteristic of gas dispersion, while
the MARPLOT and Google Earth, as the electronic map, show the dispersion boundary which support the

improvement of the emergency plan and identify the safety zone.

This case study is simulated on the LPG leak, stored in the horizontal cylindrical tank with diameter
of 3.35 meter and 10.96 meter long at filling condition of 85% of maximum volume. The ratio of propane
and butane is 60:40. The location of tank farm is riverside. The environment temperature is at 35.4 degree
Celsius. Wind speed is 5 knot, North East direction to the tank. The accident is caused by the joint leak of the

0.5 inch diameter rotogage.

According to the simulation, it shows that the significant impact is fire and explosion. When the
leakage occurs, gas disperses within 29 meters far. Therefore, the distance of 29 meters must be enforced to
be the zone with no ignition, otherwise there would occur the BLEVE explosion which is seriously harmful
by heat radiation and the exploded building construction. It would cause fire ball of 208 meters diameter and
heat radiation of 447 meters wide, causing damage to buildings and people’s death. With the peripheral area

of 630 meters, the radiation would cause people burnt upto the 2" level.

On this evaluation of the fire and explosion impact, the electronic map programs, MARPLOT and
Google Earth, are very helpful to identify the impact area comfortably and rapidly. Moreover, they support
the improvement of emergency plan to indicate the ignition-free area at 29 meters and the safety zone from

BLEVE at 1.4 kilometers from the tank farm location.

Student’s signature Thesis Advisor’s signature
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Heat Flux (kW/m2) Exposure Time (Sec)

1.74 60

2.33 40

2.9 30

4.73 16

6.94 9

9.46 6
11.67 4
19.81 2
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M13190 3 Thermal radiation burn injury criteria

Radiation Intensity ( kW/m2 ) Time for Severe Pain(s) Time for 2™ Degree Burn(s)

1 115 663
2 45 187
3 27 92
4 18 57
5 13 40
6 11 30
8 7 20
10 5 14
12 4 11

117: Aloha Manual (2007)
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Critical Pressure
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Density Gas Value
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Density(gas) Pressure
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Normal Freezing point -100.98 degree celcieous
LEL 19000 ppm
UEL 95000 ppm

Heat Capacity (gas con.st. press)

Heat Cap.(gcp) Value 834 J/Kg
Heat Cap.(gcp) Temperature 298.15 kelvin
Heat Cap.(gcp) Pressure 101325 pa

Heat Capacity (lig. con.st. press)

Heat Cap.(Icp) Value 409430 J/Kg
Heat Cap.(Icp) Temperature 247.69 kelvin
Heat Cap.(Icp) Pressure 101325 pa

Heat Combusion 844.54 Kcal/mol
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SITE DATA:

Location: BANGKOK, THAILAND

Building Air Exchanges Per Hour: 0.64 (unsheltered single storied)

Time: January 30, 2006 1131 hours ST (user specified)

CHEMICAL DATA:

Chemical Name: PROPANE Molecular Weight: 44.10 g/mol
TEEL-1: 2100 ppm TEEL-2: 2100 ppm TEEL-3: 2100 ppm

IDLH: 2100 ppm  LEL: 20000 ppm  UEL: 95000 ppm

Ambient Boiling Point: -42.0? C

Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 knots from NE at 3 meters
Ground Roughness: urban or forest ~ Cloud Cover: 10 tenths
Air Temperature: 35.4? C Stability Class: D

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in horizontal cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 3.35 meters Tank Length: 10.96 meters

Tank Volume: 96.6 cubic meters

Tank contains liquid Internal Temperature: 35.4? C



Chemical Mass in Tank: 43.3 tons ~ Tank is 85% full

Circular Opening Diameter: 0.5 inches

Opening is 1.68 meters from tank bottom

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 152 kilograms/min
(averaged over a minute or more)

Total Amount Released: 9,035 kilograms

Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

THREAT ZONE:

Model Run: Heavy Gas

Red : 11 meters --- (95000 ppm)

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

Orange: 29 meters --- (20000 ppm)

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

Yellow: 110 meters --- (2100 ppm = TEEL-1)

nsainanaulasdunala

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind: 5 knots from NE at 3 meters

Ground Roughness: open water Cloud Cover: 10 tenths

Air Temperature: 35.4?7 C Stability Class: D

No Inversion Height Relative Humidity: 50%
THREAT ZONE:

Model Run: Heavy Gas

Red : 38 meters --- (95000 ppm)

114



Note: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.
Orange: 109 meters --- (20000 ppm)

Yellow: 367 meters --- (2100 ppm = TEEL-1)

2. wannmsilszaanansaiiianguvnenvesas v

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.64 (unsheltered single storied)

Time: January 30, 2006 1131 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: PROPANE Molecular Weight: 44.10 g/mol
TEEL-1: 2100 ppm TEEL-2: 2100 ppm TEEL-3: 2100 ppm
IDLH: 2100 ppm  LEL: 20000 ppm  UEL: 95000 ppm
Ambient Boiling Point: -42.0? C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 knots from NE at 3 meters
Ground Roughness: urban or forest ~ Cloud Cover: 10 tenths
Air Temperature: 35.4? C Stability Class: D

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in horizontal cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 3.35 meters Tank Length: 10.96 meters

Tank Volume: 96.6 cubic meters
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Tank contains liquid Internal Temperature: 35.4? C

Chemical Mass in Tank: 43.3 tons  Tank is 85% full

Circular Opening Diameter: 0.5 inches

Opening is 1.68 meters from tank bottom

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 152 kilograms/min
(averaged over a minute or more)

Total Amount Released: 9,035 kilograms

Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

THREAT ZONE:

Threat Modeled: Flammable Area of Vapor Cloud

Model Run: Heavy Gas

Red :29 meters --- (20000 ppm = LEL)

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

Orange: 38 meters --- (12,000 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: 113 meters --- (2,000 ppm = 10% LEL)

3. wamnmsilszanaransaiifasziiavesngunaenvesas 1 v

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.64 (unsheltered single storied)

Time: January 30, 2006 1131 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: PROPANE Molecular Weight: 44.10 g/mol

TEEL-1: 2100 ppm TEEL-2: 2100 ppm TEEL-3: 2100 ppm
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IDLH: 2100 ppm LEL: 20000 ppm  UEL: 95000 ppm
Ambient Boiling Point: -42.0? C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 knots from NE at 3 meters

Ground Roughness: urban or forest ~ Cloud Cover: 10 tenths

Air Temperature: 35.4? C Stability Class: D
No Inversion Height Relative Humidity: 50%
SOURCE STRENGTH:

Leak from hole in horizontal cylindrical tank

Flammable chemical escaping from tank (not burning)

Tank Diameter: 3.35 meters Tank Length: 10.96 meters

Tank Volume: 96.6 cubic meters

Tank contains liquid Internal Temperature: 35.4? C

Chemical Mass in Tank: 43.3 tons ~ Tank is 85% full

Circular Opening Diameter: 0.5 inches

Opening is 1.68 meters from tank bottom

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 152 kilograms/min
(averaged over a minute or more)

Total Amount Released: 9,035 kilograms

Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

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

Level of Congestion: congested
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Model Run: Heavy Gas
Red : LOC was never exceeded --- (8.0 psi = destruction of buildings)
Orange: 31 meters --- (3.5 psi = serious injury likely)

Yellow: 58 meters --- (1.0 psi = shatters glass)

4. szananasuumsinamas iUy JetFire

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.55 (sheltered single storied)

Time: January 30, 2006 1131 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: PROPANE Molecular Weight: 44.10 g/mol
TEEL-1: 2100 ppm TEEL-2: 2100 ppm TEEL-3: 2100 ppm
IDLH: 2100 ppm  LEL: 20000 ppm  UEL: 95000 ppm
Ambient Boiling Point: -42.0? C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 knots from NE at 3 meters
Ground Roughness: urban or forest ~ Cloud Cover: 10 tenths
Air Temperature: 35.4? C Stability Class: D

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in horizontal cylindrical tank
Flammable chemical is burning as it escapes from tank
Tank Diameter: 3.35 meters Tank Length: 10.96 meters

Tank Volume: 96.6 cubic meters



Tank contains liquid Internal Temperature: 35.4? C
Chemical Mass in Tank: 43.3 tons  Tank is 85% full
Circular Opening Diameter: 0.5 inches

Opening is 1.68 meters from tank bottom

Max Flame Length: 7 meters

Burn Duration: ALOHA limited the duration to 1 hour

Max Burn Rate: 152 kilograms/min

Total Amount Burned: 9,035 kilograms

Note: The chemical escaped from the tank and burned as a jet fire.

THREAT ZONE:
Threat Modeled: Thermal radiation from jet fire
Red : 13 meters --- (10.0 kW/(sq m) = potentially lethal within 60 sec)
Orange: 18 meters --- (5.0 kW/(sq m) = 2nd degree burns within 60 sec)

Yellow: 28 meters --- (2.0 kW/(sq m) = pain within 60 sec)

5. szanaranuumsinanmssziiauuy BLEVE

SITE DATA:
Location: BANGKOK, THAILAND
Building Air Exchanges Per Hour: 0.55 (sheltered single storied)

Time: January 30, 2006 1131 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: BUTANE Molecular Weight: 58.12 g/mol
TEEL-1: 2400 ppm TEEL-2: 4000 ppm TEEL-3: 19000 ppm
LEL: 15000 ppm  UEL: 90000 ppm
Ambient Boiling Point: -0.5? C
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%
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ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 knots from NE at 3 meters
Ground Roughness: urban or forest ~ Cloud Cover: 10 tenths
Air Temperature: 35.4?7 C Stability Class: D

No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
BLEVE of flammable liquid in horizontal cylindrical tank
Tank Diameter: 3.35 meters Tank Length: 10.96 meters
Tank Volume: 96.6 cubic meters
Tank contains liquid
Internal Storage Temperature: 35.4? C
Chemical Mass in Tank: 50.9 tons ~ Tank is 85% full
Percentage of Tank Mass in Fireball: 100%

Fireball Diameter: 208 meters Burn Duration: 13 seconds

THREAT ZONE:
Threat Modeled: Thermal radiation from fireball
Red : 447 meters --- (10.0 kW/(sq m) = potentially lethal within 60 sec)
Orange: 630 meters --- (5.0 kW/(sq m) = 2nd degree burns within 60 sec)

Yellow: 982 meters --- (2.0 kW/(sq m) = pain within 60 sec)
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M51HUIATN V1 uaasnuauiAveIie LPG

Commercial Commercial
Propane Butane
Specific gravity of liquid 15 °C/4 °C 0.510 0.58
Boiling point at 10 °C and 760 mm.Hg. -42.0 -0.5
Specific gravity of gas at 15 °C and 760 mm.Hg. 1.5 1.9
(air=1)
Vapor density at 15 °C and 760 mm.Hg
1b/cft 0.12 0.15
kg /m’ 1.89 2.5
Gas formed from unit liquid at 15 °C
Cft/Tap. gas 44 40
Cft/Lb 8.6 6.8
Liter/Kg 540 400
Ratio of gas volume to liquid volume 270 239
Vapour pressure bar
At0°C 3.9 0
At20°C 7.5 1.0
At50°C 16.0 3.8
Calorific Values
K.cal/Kg. gross 11,900 11,800
K.cal/Kg. nett 11,000 10,900
Btu/lb gross 21,500 21,300
Btu/Ib nett 19,900 19,700
K.cal/m’ 0° 960 mm. Hg. gross 23,400 30,600

K.cal/m’ 0° 960 mm. Hg. nett 21,600 23,650
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Commercial Commercial
Propane Butane
Calorific Values
Btw/m’ 60° 960 mm. Hg. gross 2,500 3,200
Btu/m’ 60° 960 mm. Hg. nett 2,310 3,000
Lower explosive limits , % gas in air/gas mixture 3.2 1.5
Upper explosive limits , % gas in air/gas mixture 10.0 9.0
Theoretical max. flame temperature in air °C 2,000 2,000
Theoretical max. flame temperature in oxygen 'C 2,830 2,830
Dry air required for compustion for combustion Ib/lb  15.6 15.4
cft/cft 23.8 32.0

#ian - Shell (2003)
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STATION : 455201 BAMNGHOK METROPOLIS YEAR : 2006
DATE Jan Fek Mar Ay May Jun Jul Aug Sep Ot | Mov | Dec
Dir [ Sp [ Dir [ Sp [ Dir [ Sp [ Cir [ Sp | Dir [Sp [ Dir [ Sp | Dir [ Sp JCir [ Sp [ Dir [Sp [ Dir [ Sp [ Gir [ Sp [ Dir | Sp
1 180 10 |130] & |190] 7 |260] 10 |=240] 14 [230] 6 |190] 12 |330] 7 Hzan 7
2 120 9 |1&0 [ 10 |30 6 |80 12 [200] & 190 6 |20 10 |280] 26 | 20| 9 Jiz0[ 5
3 190 14 [ 220 [ 10 | 180 | & | 240 19 |240] & |320 | 16 |210] & |1a0| & |00 & fi1z0] &
4 20| & Jzo00] & [150[ 7 |220] 9 [=240] 14 Jz20[ 15 [270| 9 |2a0[ & [=30] 12
5 210 9 15010 |120 [ 10 [210| 7 |=200] & f=z40 [ 15 |230] 13 |300] 11 |330] 9 |330] 7
3 190 15 180 & |120 | & |210| & |270] 15 |240 | 10 [180] 12 |190] & [1o0] 9 f 30 | 7
7 90 [ 10 |90 [12 [180] o a0 [ 21 Jzz0] 12 |20 16 [z00] & f2s0 (12 [180] & [150] 12 [100] o [330] &
g 120 8 |360] & 180 8 |70 (10 |10 7 |2r0| & [180| 12 | 210 & |1&0| 10 |150] & |Doomjmmon) 110 | 12
3 120 7 | 10 [ 10 |[120| 23 [ 330 25 |150 | & 190 10 180 7 |80 1o |190 [ 12 [180] 9 |90 | 7 J360] 10
10 360 | 5 |120[ 14 [190] 11 J1e0] & |2r0| & [320[ 15 [240] 27 [0 9 [1s0] 4 [za0] & [120] & a0 [ &
11 280 & |120] 7 |240| 5 180 10 |190 (14 [240] 6 |=60| 4 180 9 |330| & [180] 7 | o0 |12 J a0 | &
12 210 6 | 290 7 |1&0| 10 [190] 12 | 270 | 7 | 270 17 | 270 30 |270 [ 14 [120| 1 _|fo0] & | 90 | 10 m
13 20| 5 | 330 10 [2o0[ 42120 & |20 {13 [480[ & [=240] 7 Jza0[ 15 [1s0] 7 [120] 12 [120] 4 J120] 7
14 220 9 |330] 6 |60 | 7 J=3a0] 10 270 10 |=240] 14 [240 | 51 |240] 5 |=60| 12 |90 & [330] &
15 210 9 |190] & |00 12 90 | 7 [S00] 9 |230| 14 |20 9 [1a0 |12 [100] 5 [120] 6
16 170 7 |180[ 12 [180] & [120] 7 |90 [ 5 |30 17 [180] & J1a0 ] 12 |[330] 12 [260] & [340] & J360] 10
7 200 7 |190[ & |20 10 f=40[ 15 | 330 & =260 15 |=10| o 190 & |2r0 |19 [ 90| & |30 | 10340 7
15 210 | 10 | 150 7 |1&0]| 1z J180] 10 |130 | 4 |360| 5 |=200] 12 [1a0 [ 15 |00 | & | 90 | 14 |130] 21 H
13 120 7 |180[ 12 |10 1o 210 & [280 {18 [180[ 5 |20 7 J190] 14 [300] 11 [30] 5 [=60] 7 Jao | 7
20 150 6 | 210 9 |170| & 240 & |=2=0 |12 [190] 10 |80 12 [180 | 10 |300| 6 [360] 4 |180| 6 |0 7
] 180 | 11 | 210 5 |1g0| 14 210 7 |110] & |150] 6 | =40 14 J260] 7 |00 | 10 [z80] 7 |[190] 7 | 30 | 10
22 21012 |190] & [180[ 11 [190] @ [180( 9 [+490[ 3 [soo0] 14 J2ro[ 12 [320] 16 |90 & [180] & Jao [ &
23 200 7 |120 3 |[180[ 13 [180 [ 12 |150 [ 10 [280[ 16 =30 10 | 280 [ 15 |320 [ 12 (180 10 [160] 7 J a0 [ 1
[ 24 |DEOREN| 90 [ 12 [190| 9 |i80| & |190| & [1z0] 12 |Z70| 7 Jev0 |10 [180] & 340 16 [ 320 7
25 120 5 |180] & |200] & 230 7 [180 [ 10 [2ro] 6 [1a0] 15 [190] 15 [2fa] & 190] & [330] &
26 330 [ 12 | 180 10 [150| 9 [190[ 10 |120] & [180[ 10 |20 5 [0 14 [ 20 | 4 170 6 |330] 3
27 330 7 |170] & |190| 14 [180] 5 |if0 |10 [160] 7 |=70| 7 Q240 7 180 & |360] & |180| 7 J3e0| &
25 290 & |190[ 12 [230[ 25 [1a0] 10 150 [ 12 [180] 5 [180] 1o a0 7 |1a0] & [330] 10 [2ro] &
23 0] 7 150 9 190 [ 14 [210 [ 15 [210] 15 [200] 14 [210 [ 15 [270 12 |30 | 7 |[120] 4 10| 7
30 20| 5 300 15 |60 [ 12 | 210 | & | 200 12 |190] 10 | 330 [ 15 [310] 12 |[do0] 7 |230] & J1z0] 10
El 0] 7 330 19 180 | 9 270 15 [190 | 12 90 | 5 30 | 5
H Eil 75 Eil 30 Kl 30 Eil Kl 30 Kl 30 Eil
Mean 75 53 117 103 34 106 17 121 34 56 54 7ES
W 12 14 25 73 18 13 30 31 13 26 21 12
Day 22,726 10 75 a3 13 3 12 14 17 2 15 31
Wi 5 3 7 B 4 5 ) B 1 4 ] )
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Adngungiigendn (O4.) 2a9n5uVNaNIUAT (Bangkok Metropolls)
lusau 56 T} (W.A.2494-2549)
(AeuETY F TGt
WA, 27 g, . o A 27 1. . -
4, Jum . Auf
2494 35.6 37.0 12 2522 35.1 400 20
2495 34.5 37.0 2,3.30 2523 36.0 36.4 25
2498 344 37.6 18 2524 35.0 378 2
- 2497 37.3 37.5 17
2498 33.6 36.5 19
2499 342 37.5 29 “ 2527 34.6 37.0 20

2530

2503 374 39.0 4 2531 33.7 36.3 22
2504 30.2 36.9 22 2532 36.1 375 8
2505 34.3 37.0 19 25633 3.7 39.5 23
2506 348 36.1 25 2834 355 37.3 30
2807 38.0 36.9 25 25356 370 38.1 12
2508 342 36.0 2,8,30 2536 354 374 30
2508 354 38.0 30 2537 3565 38.0 6
2510 33.9 37.3 30 2538 314 37.2 30

2539 33.8 379 20
2512 34.9 36.7 15 2540 35.3 37.0 22
2513 35.0 358 21 2541 36.6 37.8 24
2614 33.8 368 30 2542 324 36.3 18
2515 32.5 35.3 ] 2543 338 371 8
2516 351 38.3 23 2544 387 374 20
2517 327 37.0 22 2545 340 38.0 9
2518 37.5 38.7 28 2548 37.3 382 28
2519 34.7 37.5 16 2547 38.0 3.0 16
2820 35.6 378 8 2548 36.6 36.6 26
2621 36.2 37.0 2428 2549 358 36.8 6

et P . v
vanzwn  ooungiigiigaluEneiud 1-10 T4 16 S

anuugiigeilgalugosiufl 11-20 Bimwau 16 A

qrinnfigaitgeliutaeiuft 21-30 f4mnu 31 A%
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Wind Speed ( Knois)

Bangkok Metropolis
January 2006

Calms included at center.
Rings drawn at 2% intervals.

Wind flow is FROM the directions shown.

No cbgervafions were missing.
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PERCENT OCCURRENCE: Wind Speed ( Knots)

PERCENT GCCURRENCE: Wind Speed { Knots)

MWHUING A3 FIay o aoniigu

gaInNa DUNNIINY 2549

LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DR [ 3 [ 0 16 21 DIR g 2 ] 10 1 2l
N o202 081 C.00 0oy ool 0.00 § 48 242 000 000 0.00  0.00
NNE 202 000 000 000 0.00 6.00 SSwW 444 282 0.00 000 000 Q.00
NE 000 000 000 000 000 000 SW 161 .00 000 000 Q.00 0.00
ENE 363 000 000 000 000 008 WSW 040 006 GO0 GO0 000 0.00
E 484 1.61 000 Q00 000 000 W 1.21 o0e 000 000 000 060
ESE 242 040 040 000 000 000 WNW 202 08] 0ee 000 0.00 0.00
SE 1.21 000 000 000 060 000 NW 1.21 1.21 0.60 0.60 000 000
SSE 323 040 040 0.00 .00 000 NNW 605 242 000 000 006 0.00
TOTAL OBS + 248 MISSINGOBS= 0 CALM OBS = 112 PERCENT CALM=45.16
sanas =
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Bangkok Metropolis
February 2006

H
i
1
1
!
H
i
1
1

Caims included at center,
Rings drawn at 5% intervals.
Wind flow is FROM the directions shows.

Wind Speed ( Knots) No observations were missing.
PERCENT OCCURRENCE: Wind Speed ( Knots) PERCENT OCCURRENCE: Wind Speed { Knots)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DR 9 3 [ iy 18 i DIR 0 3 & 0 I i3
N 357 17 000 000 000 000 S 893 7.59 176 ©0OD 000 GO0
NNE 089 045 000 000 000 000 sswo 491 268 045 000 000 000
NE 000 000 000 000 000 000 SW 045 045 0.00 000 000 000
ENE 268 045 045 000 600 000 WEwW 134 (89 045 000 000 000
E 313 0% 08 000 000 Q.00 W 17% 000 000 000 000 000
ESE 313 223 08 000 000 000 WINW 134 045 0.00 000 000 000
SE 045 268 000 000 000 0.00 WW 179 000 000 000 000 000
8SE 357 045 000 000 000 000 NNW 343 179 006 GOD 000 GO0
TOTAL OBS = 224 MISSINGOBS= 0 CALMOBS= 70 PERCENT CALM=3125

¢ A [ 4

d’ @ ~ Jaaax
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Bangkok Metropolis
March 2006
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Wind Speed ( Knots)

Calms included at center,

Rings drawn at 10% intervais,

Wind flow is FROM the directions shown.
Mo chservations were missing.
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MARINA A5 [Aaaun anigudasn

A 190U JUIAY 2549

PERCENT OCCURRENCE: Wind Speed (Krots) PERCENT OCCURRENCE: Wind Speed ( Knots)
LOWER BOUNI: OF CATEGORY LOWER BOUND OF CATEGORY
DR 0 3 [ 10 16 2l DR 9 3 [ 10 16 2l
N 000 000 000 000 0,00 0.00 § 1895 1290 565 G406 .00 0.00
NNE 040 000 000 000 000 000 SEW 7.66 5324 0%l 6.00 006 0.00
NE 000 0060 0006 000 000 G.00 SW 0.8 1.21 200 000 000 000
ENE 121 G.00 600 0006 0.00 0.00 WSW 121 040 040 000 000 0.00
E 202 242 0.81 200 (.00 0.00 w000 000 000 006 000 0.00
ESE 323 363 000 000 000 0.00 WNW  00¢ 000 0.00 000 000 600
SE 20z 040 0.00 000 000 000 NW 000 000 040 000 000 GO0
SSE 685 282 21 0,00 0.0 0.00 NNW 000 000 040 000 000 000
TOTAL OBS = 248 MISSINGOBS= 0 CALM OBS = 41 PBRCENT CALM =16.53
as A



Wind Speed ( Knois)

Bangkok Metropolis
April 2006

z

Calms included at center,

Rings drawn at 10% intervals.

Wind flow is FROM the directions shown.
No observations were missing.
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SSE

PERCENT OCCURRENCE: Wind Speed ( Knots) PERCENT OCCURRENCE: Wind Speed { Knots)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY

9 2 & 10 16 2L 2R g 3 6 10 16
042 042 000 000 000 000 S 1500 1250 208 000 000
000 GO0 000 000 000 0.00 SswW 375 5.00 125 000 000
000 000 000 000 000 0.00 SW 083 208 000 000 Q.00
000 042 000 000 000 000 WSW 2350 083 000 006 000
208 08 000 042 000 000 W 125 042 006 000 000
542 167 000 000 QOC GO0 WNW 125 000 000 0080 000
1.25 167 000 0600 000 000 NW 042 000 000 000 000
542 375 083 600 000 000 NNW 167 167 000 080 000

TOTAL OBS = 240 MISSINGOBS= 0 CALM OBS = 35 PERCENT CALM =22.92

21
0.00
0.00
0.00
0.60
.00
0.00
0.00
0.00

4
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Bangkok Metropolis
May 2006

Wind Speed ( Knots)

Calms inciuded at center.

- Rings drawn at 10% intervals.
Wind fiow is FROM the directions shown.
No observations were missing.
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PERCENT QCCURRENCE: Wind Speed ( Knots)
LOWER BOUND OF CATEGORY
RIR ¢ 3 é 1o 16 21 DR
N 040 121 040 000 000 000 s
NNE 040 040 000 040 000 000 SSW
NE 000 000 000 000 000 900 SW
ENE 081 006  GGD 660 000 0.00 WEW
E 565 081 600 GO0 000 000 W
ESE 444 161 040 000 000 000 WNW
SE 000 040 006 000 000 000 NW
SSE 202 121 00G 000 Q00 000 NNW
TOTAL OBS = 248 MISSINGOBS= 0

PERCENT OCCURRENCE: Wind Speed { Knots)

LOWER BOUND OF CATEGORY

0 3 g 10 16
12,10 1128 1.61 006 0.00
685 363 081 0.0¢ .00
000 081 GO0 000 000
242 121 000 000 0.00
363 121 040 000 000
565 000 000 D00 000
0400 000 000 000 000
202 040 000 000 Q00

CALMOBS = 63 PERCENT CALM =2540

21
0.00
0.00
0.00
0.00
(.60
0.00
0.00
0.00

¢ A
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Wind Speed ( Knots)

Bangkok Metropolis
June 2006

11.25

Calms inchided at center,

Rings drawn at 5% intervals.

Wind flow is FROM the directions shown,
No observations ware missing.
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DR

SSE

PERCENT OCCURRENCE: Wind Speed { Knots)

LOWER BOUND OF CATEGORY

!l 3 [ 10 i

000 042 000 000 Q.00
642 000 000 000 000
L0600 000 000 000 000
642 000 000 000 000
167 042 000 000 000
167 083 000 000 000
000 042 000 000 000
042 0.8 000 000 GO0

TOTAL OBS = 240 MISSINGOBS= 0

21
0,00
0.00
0.00
0,00
0,00
0.00
0.00
0.00

PERCENT OCCURRENCE;: Wind Speed { Knots)
LOWER BOUND OF CATEGORY
DIR 2 3 6 i 16
5 &7 542 0.83 000 000
38W 542 4358 1.25 600 000
SW 208 042 000 000 000
WSW 625 542 042 000 000
W 458 417 208 000 000
WHNW 250 125 042 000 0060
NW 1.67 642 042 000 000
NNW 000 000 000 000 000
CATM OBS= 82 PERCENT CALM=234.17

21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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18,53

e 3 & W W

Wind Speed ( Knots)

Z

1
i
1
1
1
1
i
1
i

Bangkok Metropolis
July 2006

Calms included at center,

Rings drawn &t 5% intervais.

wind flow is FROM the directions shown.
No observafions were missing.
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PERCENT OCCURRENCE: Wind Speed ( Kxnots)

LOWER BOUND OF CATEGORY
DR 9 3 [ 0 16
N 000 000 000 000 000
NNE 000 066G 000 000 000
NE 000 000 000 0.00 000
ENE 000 600 000 000 000
E 040 000 000 000 000
ESE 000 000 000G 000 0GC
SE 000 040 000 000 000
SSE 242 1.21 000 000 000

TOTAL OBS = 248 MISSING OBS= 0

2
£.00
£.00
0.00
0.00
0.00
0.00
0.00
0.00

PERCENT OCCURRENCE: Wind Speed (Knots)
LOWER BOUND OF CATEGORY
DIR g k3 & 10 16

S 1048 726 08 CO00 (.00
SSW 1048 605 000 000 000
SW 403 1.61 000 000 000
WSW 1048 565 242 000 000
W 484 444 121 000 000
WNW 121 121 046 006G 0.00
NW 040 040 000 0CGC 000
NNW 060 000 000 000 000

CALM OBS= 55 PERCENT CALM=2218

21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4
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Bangkok Metropolis
August 2006

Wind Speed { Knots)

Calms included at center,

Rings drawn at 5% intetvais,
Wing fiow is FROM the directions shown.
No observalions were missing.
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PERCENT OCCURRENCE: Wind Speed { Knots)
LOWER BOUND OF CATEGORY
DR (4] 3 & 1o 16
N 000 000 000 000 000
NNE 000 00C 000 000 000
NE 000 000 GO0 000 0.60
ENE 000 000 GO0 000 000
E 08 000 000 000 000
ESE 000 000 000 000 Q.00
SE 000 0O0C 000 000 000
SSE 161 640 000 000 000
TOTAL OBS = 248 MISSING OBS= 0

2l
0.00
0.60
0,00
0.00
0.00
0.0¢
0.0¢
0.00

PERCENT OCCURRENCE: Wind Speed ( Knots)

DIR
8
SSW
W
WSW
W
WNW
NW
NNW

CAIMOBS= 41 PERCENT CALM = 16.53

LOWER BOUND OF CATEGORY

g 3 6 10 16
524 484 .61 040 600
685 403 21 000 000
524 32% 000 000 000
1548 9.68 121 000 0.00
524 927 121 1.61 0.00
363 323 081 040 000
000 040 000 000 000
081 000 000 000 000

21
0.00
0.00
.00
.00
.00
0.00
0.00
0.00

(4 a

MWEUINA A10 sy o annflquddsna hou deanan 2549



Bangkok Metropolis
September 2006
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10.:83
S
Calms included at center, .
7 9 8 o OH Rings drawn at 5% intervals.
Wind flow is FROM the directions shown.
Wind Speed ( Knots) No observations were missing.
PERCENT OCCURRENCE: Wind Speed ( Knots) PERCENT OCCURRENCE: Wind Speed { Knots)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DR 4 3 [ 10 16 21 DIR g 3 ] 19 15 21
N 0.00 0.42 .00 0.00 0.00 0.00 S 5.83 378 125 0.00 0.06 0.00
NNE 0.00 0.00 G.00 G.G0 0.00 0.00 SSwW 2.50 125 042 0.00 0.00 G.00
NE 0.42 0.00 0.00 G.00 0.00 0.00 SW 1.25 1.67 0.00 0.00 0.00 0.00
ENE 000 0,60 0.00 0.00 0.00 0.00 WEW 2.08 0.83 0.42 .00 0.00 0.00
E 1.25 .42 0.00 0.00 0.00 0.00 W 4.58 1.67 0.42 0.00 0.00 0.60
ESE 1.67 0,83 0.00 0.00 0.00 0.00 WNW 208 1.67 125 0.42 6.00 0,60
SE 0.00 0.00 0.00 0.00 0.00 0.00 NwW 29 208 0.00 0.00 0.00 6,00
S8E 0.83 0.83 042 .00 0.00 0.00 NNW 1.67 0.83 0.42 0.42 0.00 0.00
TQTAL OBS = 240 MISSINGOBS= 0 CALMOBS = 123 PERCENT CALM = 51.25

MWEYIT A1l fsan o ao1iguddsn
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Wind Speed { Knois)

Bangkok Metropolis
Qctober 2006

Calms included at center.

Rings drawn at 2% intervals,

Wind fiow is FROM the directions shown.
No observations were missing.
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DIR
N
NNE
NE
ENE
E
ESE
SE
S8E

PERCENT OCCURRENCE: Wind Speed ( Knots)

LOWER BOUND OF CATEGORY

" 3 ¢ w0 16 2
0592 000 000 000 0000 GO0
277 092 000 GO0 000 000
000 006 000 000 006 000
230 006 000 000 000 000
092 365 046 000 000 060
138 277 000 400 000 080
046 000 000 000 000 000
092 046 000 GO0 000 000

TOTAL OBS = 217 MISSING OBS= 0

PERCENT OCCURRENCE: Wind Speed ( Knots)
LOWER BOUND OF CATEGORY
DIR g 3 6 10 8 2l
S 507 0982 1.8 000 000 000
SSW 277 000 000 000 000 000
SW 092 046 046 000 000 000
WSW 000 000 046 000 000 00D
W 230 0% 000 000 000 000
WNW 000 000 000 000 000 000
NW 138 046 000 000 000 000
NNW 184 138 092 000 000 000
CALM OBS= 130 PERCENT CALM =5%.91
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Wind Speed ( Knots)

Bangkok Metropolis
November 2006

1
1
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Caims included at center.
Rings drawn at 5% infervals.

Wind flow is FROM the directions shown.

No ohservations were missing.
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PERCENT OCCURRENCE: Wind Speed (

BIR 8 2 g 10

ENE 476 095 048 000 O
E 810 4% 08 000 O
ESE 429 238 048 000 O
SE 048 000 000 000 O
SSE 048 000 000 000 O
TOTAL OBS = 210 MISSING OBS =

N 095 095 095 000 0.
NNE 238 095 048 000 O
NE 000 000 000 000 O

LOWER BOUND OF CATEGORY

Knots)

16 21
0s 000
oG G.00
00 000
00 000
a0 000
00 000
g0 000
00 000

0

PERCENT QOCCURRENCE: Wind Speed ( Knots)

DIR
8
SEW
SW
WSW
w
WNW
NW
NNW

LOWER BOUND OF CATEGORY
Q 3 § 10 18
333 238 048 000 000
000 095 000 000 0.00
048 000 000 000 000
143 000 000 000 000
143 143 000 000 0.00
000 000 000 000 000
143 048 000 000 000
2.8 190 048 000 000

CALM OBS = 97 PERCENTCALM=46.19

21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

g
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Bangkok Metropolis
December 2006

|7 P

3
B

8.87 -~ E

Calms included at center.
Rings drawn at 2% intervals,
Wind flow is FROM the directions shown,
Wind Speed { Knois) No observations were missing.
PERCENT GCCURRENCE: Wind Speed ( Knots) PERCENT OCCURRENCE: Wind Speed ( Knots)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DIR 4 3 6 10 18 21 DIR g 3 6 10 i 21
N 3.23 0.00 0.40 0.60 0.00 0.00 S 0.81 0.40 0.00 .00 0.00 0.060
NNE 5.24 121 6.00 0.00 0.00 0.00 SSW 0.00 0.00 0.00 0.00 0.00 0.060
NE .00 040 6.00 6.60 0.00 0.00 SwW 0.00 0.00 0.00 0.00 0.00 0.00
ENE 2.82 0,40 G.60 G.00 .00 0.00 WSW 0.40 0.00 0.00 0.00 0.00 0.00
E 6.05 242 0.40 G.66 C.00 0.00 W 1.61 0.00 0.60 0.06 0.00 0.00
HSE 242 0.81 6.00 G.00 0.60 0.00 WNW 161 0.81 0.00 0.0 0.00 0.00
SE 0.40 0.00 0.00 0.00 0.66 0.00 NW 1.61 0.81 G.40 .00 0.00 0.00
38E 0.40 0.00 0.00 0.00 0.60 0.00 NNW 6.45 1.61 1.61 0.00 0.00 0.00
TOTAL OBS= 248 MISSINGOBS= ( CALMOBS = 137 PERCENT CALM =5524
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