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AIR QUALITY MODEL/CLEAN TECHNOLOGY/SCREEN3/AERMOD

/AIR QUALITY MANAGEMENT

Small- and medium-scaled factories in Thailand have occasionally been
causing health or nuisance effects to the surrounded communities. This research
presents a pro-active approach which used a freeware and a regulatory air quality model
— SCREEN3 and AERMOD, respectively — as tools for air quality management of a
small starch factory in Nakhon Ratchasima, Thailand. The clean technology options
considered for dust reduction were (1) spraying water at the raw material yard (2)
creating tree walls (3) aggregate stockpile configuration (4) use of cyclone and (5) use
of bag filter. The model showed that the CT options could potentially reduce 12% , 28%
,34% , 18% and 18% , respectively, of the ground-level maximum concentration. Such

findings illustrate the potential of this approach to assist in the decision-making process

of the factory.
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Source Inputs Source Type

-Point - Area

-Flare - Volume
Dizpersion Coefficient
-Urban - Rural
Receptor Height Above Ground (meter)
Terrain Options
k4
- Zimple Terrain - Complex Terrain
Options
- Complex + Zimple Terrain
h 4 Simple Terrain
Run - Flat Terrain - Elevated Terrain
Choose At Least One Options
- Automated Dhstanices - Dhzcrete Distances
QOutput Options
" OutputFile Options
[
Graph -Fuomigation -Building Downwazh
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Source Type Point
Dispersion Coefficient Rural
Emission Type Total Suspended Particulate (TSP)
Parameter Amount Units
Receptor Height Above Ground 0 meter
Emission Rate 19.92 g/s
Stack Height 46 meter
Stack Inside Diameter 2 meter
Stack Gas Exit (velocity) 25 m/s
Stack Gas Exit (Temperature) 344.15 Kelvin
Ambient Air Temperature 293 Kelvin
Distance to Receptor 10000 meter

~ o 9 { o
M19199 2.5 uaasransmuralugduuuveyauazgin 2.5 uaaawamaiiinly

A 9
sUnpugam (03w TavazdiuldIssnunaa ldihdeyemasdunausiinldinas

' 1w o 1 J A
ﬂ’NiJL"lTiJ"lTU"UENFJUﬁ$@ENi’JiJ’Q%:f@m1ﬂU 108.4 lliJIﬂiﬂillG]’f)Qﬂ’]ﬂﬁﬂLiJ@i Iﬂﬁl‘i%ﬂ%‘ﬂN‘ﬂllﬂW

ANUTNT UV OB 0095 N IR

¥
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Distance Concentration Distance Concentration
(meter) (ug/m3) (meter) (ug/mB)
200 0.1268 3500 48.42
400 45.36 4000 48.81
600 67.86 4500 47.46
800 108.4 5000 45.22
1000 95.82 5500 42.64
1200 83.15 6000 40.04
1400 73.49 6500 37.58
1600 65.90 7000 35.33
1800 61.88 7500 33.61
2000 62.90 8000 33.71
2200 61.89 8500 33.66
2400 59.70 9000 33.49
2600 56.96 9500 33.23
2800 54.07 10000 32.89

3000 51.27
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Automated Distance Vs. Concentration
Termain Hekght = 0.00m.

100 200 300 400 500 500
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Automated Distance Vs. Concentration

Teralin Height = 0.00 m

—— -
1000 2000 3000 4000 5000 5000
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2.5 !L‘iJ‘iJ‘ﬁ1i;’lENﬁ]il!ﬂ1WEﬂﬂ1ﬂ AERMOD

v
Y A a

Y
Tuitfemvesuuusiassnmnine1n1a AERMOD luriatdedi 1ad19891nonals
o a a 4
“LL‘IJ‘U'iﬂafJx‘lﬂﬂlﬂ"IW@WﬂTﬁ AERMOD”?J 2551 Iﬂﬂ iﬂ.ﬂi.’)iW’;“ﬁ !%@a HIAIBIINYIAIT AT
A 9 a 4 = a o o A A
FIULINY ﬂmmwmmﬁmuazmﬂiuiaa NWTJ‘V]EJ'Iﬁt’J‘ﬁﬁﬁJﬁ'Iﬁﬂﬁ(’Ji']’;“ﬁ LFADA, 2551)
9y
HUUT1A09UNINDINIA AERMOD lasumswauduluansgomsnmluila.a. 1991
o . I
Tﬂmﬁammmmmqmmwmmﬁ ISC (Industrial source complex model) Lﬂuﬁ'utguuiuﬂ1ﬁ
] = 9 4 ﬁ}zﬂl g}/ AAa v A I [ ] 3 A
NWENU "lf\ialslf’é]\iﬂﬂ’]'liJgLﬁfJ\‘]“Ifu‘UﬁﬁfJ'lﬂ'lﬁﬂﬂﬂﬂUN’ﬂaﬂlfﬂuﬁaﬂ Iﬂﬂllﬂ\‘]ﬂﬂﬂlﬂuﬂiﬁﬂ'lﬂ'lﬁ‘ﬂ
@'lﬂ'lﬁlﬁﬂf‘lTi!,ﬂﬁ@uﬁ‘ll@QIJ’J’GGU?NE)'lﬂ”IﬁLﬁENiJ”I‘iﬂﬂﬂﬁW"lﬂ’JWN%}’EIHﬁ%’E) Convective boundary
Y v
layer (CBL) ttaz¥uvssernian lilasudninannmsmanudoulase ldsuannaanusa
(@ean1u1nH2 1an W30 Stable boundary layer (SBL) Iagiuui1adasn1me 101 AERMOD
Al 2 = ] Yy v A . o A
%zﬁmmﬂuﬁvu SBL iJfﬂﬁl,L‘Wiﬂi3i]1Elﬂ313JL"]J$J"IIHL‘]JUL!,°]J‘1JLﬂ1“]5L"]5fJu (Gausswn) ‘I/Ncl‘L!LL'Ll'Jﬂ\i
[ 1 = 1 < 19 1
LASHUITSAY musl,u CBL Mﬂ?ill‘Wiﬂi%iﬂﬂﬂ’ﬂﬂlslgl}?ﬁlsl}ulﬂuuﬂﬂ Gaussian °1uu,m‘5mmm°lu
umawsﬁmm‘wiﬂizmmmu Bi-Gaussian
2,51  HapMIMaOU
o o ° A 4 = 1 Ao &
UANNITMATUUDILUUINADIAUAFITNT AERMOD ‘JJI‘]J?!LﬂﬂJfJf]fW]%WL‘]JUGLu

a

' v A 9 Y v A = 3 9 Y a
ﬂ”li“lf’mi]ﬂliﬂﬁﬂ]@ﬂuﬁﬁ@\iiﬂﬁuﬂiﬂﬂﬁﬂﬂuﬂﬂ AERMET "’]Nﬂglﬂusllﬂll“ﬁ‘ﬂNﬂ?l&@ﬁ]um\l'ﬂlﬂ%mg

=\

: 3 4 { o a
AERMAP F9azifludoyanisdiuanugavesiiui Iasuuusiaeadiamans AERMOD i

@ o [ ~ 2 Y o 9 [ dy A 9 [ 1 Y
waﬂmimammuﬁmﬂlugﬂw 2.6 lTUAUNNITHIVBYAANHUSWUNUAS VDY AN UV

QU

9 1

TUsunsudos AERMAP uagidoyagaileuineuing lasunsy AERMET udnidoyan 1@

QU U

110 115unsu AERMAP az AERMET 141g 115un31 AERMOD tilesi1n15isgiiunszaie

ANV UTUVD AN EOINA
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¥ v - ¥ &
veyadnusegilsema VeyagAHuNINg
| ¥ A & ¥ i
uitAnw VAN U FNNA Y BYA LTI N WE U
F L
g & , a
nszuuNT IR A nuaAuiuas A afily nsevumsinseddoyagnining
AERMAP AERMET

voyaund i uiiauaivenm >
k.

AsEuIMNIINTEIN
uminsEel

AERMOD

. y ¥
NTUAT TN

77 2.6 JduvuMIMINUVRWUTIABIYANINEINA AERMOD

1. voyariudTlsunsugos AERMET

) A A o ¥

' I a a a
doyanugiundesiud1llsunsudgos AERMET ilutdoyagationineidn

n
9 a a 5 . = o Aa ' 9
VYDYAYAUINININTUDUY (Upper air data) “BQﬂ%ﬂﬂﬂﬂJWﬁﬁﬂﬂlﬂNvﬁ

]
A

1 (%3 a % QU 90’ 1 %
gateuInet laun anvuzpiidszme szauanugeannszauimezanazaladeous

9 a a a X . Y

® UDYagAUININGININU (Surface air data) Taun

3 .

B A58y (Wind speed)
" {iAn19ay (Direction)
u Qmﬂ{]ﬁ (Ambient temperature)
= 9Smnanua)nagu(Cloud cover)

" ANV IUIUN (Ceiling height)
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'
a a

Tumsvhauaunsodsdoyannududoyadufiuinnnnmsasiviald

luviare31uuy 1959 MET-144 format, CD-144 150 SCRAM format 1182 SAMSON format 114

[
S 1

UszmalnodlumsieeyaiifiegiaioslusdunuiTusunsudes AERMET amngniilal

=1

Uszwrawald Taegdunundefgauazmmzauigadenissaiesluzluuy CD-144 nio

q q

SCRAM format

=2 9

Tisunsugos AERMET d10150AALONHI0AIT03aNADINITIIN

v

ududeyaiiuiinninmsasindauuuinasgiuvesgudveyasiugiiormaunamnalssima
9 9

anIgoluIn %38 National Climatic Data Center (NCDC) wawgﬂuuumﬁimﬁq TD-6201

format, CD-144 format, it FSL format

o 9

9 A 9 Y A A o
UBNINTBYaNAB IV 11511051 AERMET 92A04N310%0 a0 sHa
~ v Y Y] A a ¥y o A = ) ~
YOIADIUATIVIATOYANINAIUGANIVINGT 39N TU AU VYuazd Tusnuaaina
gatenINg
d' % ] L= 9 & = v

319 2.7 uerAedI9819MIIAG 89UBYAUY SCRAM format HIUNTIAITH
P 2 d 4 ~ o A A ~ 3
doyatluiterd T Taedd Tuan 1 v@9Tud 1 Meuuniian veliu q sitluveyaluoiusn

9 & v A o A Y ) 9 '
taztoyar luagaiie veuasusuNaAY Y81 9 sziludeyaunlgamenaz luunazun
A o 9 v @ é 9 v @ d' 9J o =
NIuIUTBYALDIaE 28 AI0NYT BIlITNBUAIY (AI19DYIN 1-5) Voyarueavilsyiianiil
a a Y ~ 9 A A 9 I a d o Y ~ 9 A
gatlauINe1 (AI0n¥IN 6-7) Voyatlmaenlunilunsaddns 1y (AI0nYIN 8-9) Toyatnou
(R d‘ 9 [ Ld' v W t:‘ 9 < v w d' E)
(AIBNYIN 10-11) YoyaTUN (FIDNHIN 12-13) Yoy 114 (AIDNYIN 14-16) VOYANIINGA
v @ ~ 9 a v o ~ 9 <3 v @ ~
NN (AIBNYIN 17-18) VBYANANAY (AIONYIN 19-21) VBYAANWIFIAN (AIONYIN 22-
9 A v o ~ A 9 g}/ A
24) Yoyaguunl (A0nYIN 25-26) UsuaumanaguiesdManuanse Total cloud cover
- d' = A dd‘ = [ =Y

(A0nY5N 27-28)US MU NNULEIHT® Opaque cloud cover Tunsaif lulinisasiatadsum

= 9 9 ¥ 1Y
NNV mmsaGlﬁvﬂ?mmmmﬂﬂﬂqwmﬁmmummu%
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14826880101 0027260170241010
14826880101 1027260130231010
14826880101 2029260140221010
14826880101 3029250160211010
14826880101 4029250150201010
14826880101 5027240150201010
14826880101 60262401401291010
14826880101 7029260160181010
14826880101 8029260180171010
14826880101 9037250160161010

A

1-5 &789101112-131718 224 2728

[ 9

H k4
JU7 2.7 M3vaizeatoyagaionINesaUHINUIDY SCRAM format

u

(23175 1707, 2551)

9
® %’agaq@;uﬂmmwuuu (Upper air data)

v
= v

" ANNAUNTEAUNIATFIN

" ANUgINIZAUANNAUNIATGIY

@

" QUNINIZAUANNAULINIFIY
B AN NANNTZAUAMNANNIATYIU

< { o @
u ﬂﬂmLijallﬁizﬂUﬂ’J1llﬂullWl‘i§1u

9
9 o %

euau”amfmfnm&\mmﬁﬂmuuiﬂnmméaﬂ AERMET ﬁWNWiﬂﬁﬂut’lﬂﬂ%@

=* 9 A v 9 A o = o o dy
ﬂ\‘l"ll’E)‘JJ“ﬁVIGlf]\iﬂWi%'lﬂllﬂﬂJeUf)iJ“T;WI‘IJu‘ﬂﬂ*ﬂ'lﬂﬂTiG]i'J%'Jﬂ!l‘U‘Ull'lﬁiﬁ'lu NCDC WﬁWEJE‘]JLL‘U‘U“VNu
= a

9
593949 TD-6201 format, CD-144 format 118 TD-3280 format (¥ WIALINUAUATAYOYARNINY L6

U

dmsulszimalnends1431uunn1599i3 89011 Forecast system laboratory (FSL) 730 FSL
Radiosonde data base ¥41/5znovaIemsiFoatoyasiuiy 365 Joya uaaziulddoyasuia

[ A A v A O o [ A
sEAUANGIsZUY 5,000 a5 Tas uadh 1 Ao SuReuildrTus nagdmiuszauanugen

o o A = g9 [ ° [ 4 Y o A
NINITANTIVIA LLDIN 2-6 umayammmmqumau 6 ADANU sgnavuaie (oauUNl)

a

(% 4 [ o ga { @ @ v oA
ﬂfl"lllﬂﬂ‘ﬁi%ﬂ'].lﬂ"l@iﬁ"lu (ﬂaauuﬁ 2) mmgqﬁizﬂumwmummgm (ﬂaauuﬁ 3) UNYY

Y

[

~ [ [ P 9 =y A @ P a ~
NITAVANTUAUNIATITU (ADANUN 4) VDYAFINYID Dummy data (ADANUN 5) NANWANUN
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[ @ o oA 3 { @ @
JTAUAINUAUNIATITU Llaz(ﬂﬂﬁNUﬁ 6) ﬂ')’]ﬂJlﬁ'JaNﬁﬁxﬂﬂﬂ?’]ﬂﬂquﬁﬁj'lu Tﬂﬂgﬂl!'ﬂ‘ﬂﬂ’]ﬁ

v A 9

9 v
ALTYIVOYADINIATUUULUY FSL format Llﬁﬂ\‘lﬂﬂg‘ﬂ‘ﬁ 2.8

12010167 5
16000 131 244 244 8@ 116
3500 1541 167 167 160 130
7000 3175 98 98 8@ 13@
6000 4435 16 16 30 180
5600 5892 -59 -59 70 19@
12010287 5
16000 129 254 254 70 120
3580 1542 171 171 13e 9@
7000 3172 74 74 11e 128
6000 4434 28 28 11e 9@
5000 5886 -85 -85 150 15@
1201e387 5
16660 112 262 262 1ee 3e
3500 1528 172 172 1ee 6@
7600 3161 85 85 60 30
6000 4421 20 20 200 40
5000 5873 -54 -54 200 8@

' 9
17 2.8 M3TaE sadoyaIMATUULILUY FSL format

(23175 1T0R, 2551)

9 ]
® adnvuzmMIzYRINun azlszneulide

=

I 9 T .. dy a
" Albedo U UNITALNOUVDINITUNTIT (Solar radiation) 1INNWUAY
o 1 1 [ a1 1 o o t&l AA g 1 Y o .
naugussermalag bilimsgadu Ja15znan 0.1 dsununfduih ldwaaluDeciduous
forest) 04 0.60 AMTUFHNzAN TN Aaaaluaisain 2.6
I o ] {
B Bowen ratio 1 usas1auveIn1silasuuilasninudeu (Sensible
1 d' Y yAa a 4 [
heat flux) aen151)asuulasvesnuieuurs (Latent heat flux) J¥Na15UIWITHIABTAIHT U
A a . .. < v oA dy d'dy a X =
AN1NNNANITNT (Convective condition) 1 PBL 11 UAFHUBIANUFUNNUAT H9 4 1281184
o LA ' ' A A a 3= A A o A
U Bowen ratio U5390835114 0.1 M UBHIIIDN 6.0 NHHaNaNI 18 Aaaa lua1s1en 2.7

= =
A1319N 2.8 LATAI1TINN 2.9



31

< { < {
®  Surface roughness length 1 uaugaNa1Wsrauaae Tunu

u

,
3 a =

v d a0 ' ' 9 ' A A A A oA
53@1]!;1]1! 0 3Jﬂ1f)§ﬂl!“lfﬂuﬂt’1m1 0.0001 tUAT L(MUBDHNIUINTIUDN 1.3 LUANT HIDUINNNNLHUUD

4 1 k4
A

A A A A & o =
Wunthvsenunwailes Auaaalumsnem 2.10
4 I -
e minuaadlumnuiuminn/asuulainiuazaganazinasveans
mzilgnlag
" g lu'ldwa (Spring) Wueds FreRGUIMsMIZgN Feo1901 Taw
Y A Y LI A y
latuilugaa 12 Meundinmiwdsazaaiiosnnniimun
9 = 1 ~ =1 ({dy ~
" 959U (Summer) HHWAI FIINMIWzUgaTaNuaNy iU
3 A A 1
Hudsisgu
v = 1 Ag a3 a v o
" goluldsne (Auwmn) vaneds sniutluaaiziiuisaduny
¥ < 9 Y A9 g a 1 1 9% < A Y I =
wisazate duldadalusumiaetes iuaunulamdimsfune vauiludmes 1l
Mg

a

A =2 1 A a dy a
. AU (Winter) B804 GlJ"NV]NW?J%‘]JﬂﬂQ‘JJWUﬂULLag’Qmﬁﬂ3J

QU

o 1 A <
FAININYALTDNLLUN

A 1 ' @ SAa
#1319 2.6 A1 Albedo LL’]JQG]']?J'QﬂEm$ﬂ1§1%}ﬂ3318%uﬂﬂu@']uq@ﬂ'la

m3ldse Tominan lu'ldna | gadou lu'lis2e | genum
(Land - use) (Spring) (Summer) (Autumn) (Winter)
unaahsssunatazimeia
0.12 0.10 0.14 0.20
(Freshwater and Sea)
P l3¥wdaly (Deciduous forest) 0.12 0.12 0.12 0.50
114 (Coniferous forest) 0.12 0.12 0.12 0.35
yupah, Ta (Swamp) 0.12 0.14 0.16 0.30
fufimsinuas (Cultivated land) 0.14 0.20 0.18 0.60
9% (Grass land) 0.18 0.18 0.20 0.60
fufwaiiioq (Urban) 0.14 0.16 0.18 0.35
ﬁuﬁmmmw (Desert shrub land) 0.30 0.28 0.28 0.45

7137 : (US.EPA, 2004)



32

= ' . ' v 9 Jaa A 1
197990 2.7 A1 Bowen ratio ummmmelmzmﬂ%ﬂaﬂwummmzqgma“luamaw”luu

AN
m3ldse Tominan lu'ldwd | nefou Tyl | ggnunm
(Land - use) (Spring) (Summer) (Autumn) (Winter)
uaahsssunatazimeia
0.1 0.1 0.1 2.0
(Freshwater and Sea)
Th'lifmdaly (Deciduous forest) 1.5 0.6 2.0 2.0
11eru (Coniferous forest) 1.5 0.6 1.5 2.0
Wuea, 119 (Swamp) 0.2 0.2 0.2 2.0
‘Iﬁuﬁmilﬂ’lﬁ@]i (Cultivated land) 1.0 1.5 2.0 2.0
9% 91 (Grass land) 1.0 2.0 2.0 2.0
o (Urban) 2.0 4.0 4.0 2.0
ﬁuﬁmmmw (Desert shrub land) 5.0 6.0 10.0 10.0

37: (US.EPA, 2004)

~ 1 . 1 [ Y PPN A A
#135197 2.8 A1 Bowen ratio 19 Nan¥uz 13 1515z Tominauuazggnialuaniizni

aAuind
m3ldse Tomifan lu'lidmg | gefou Tyl | ganunm
(Land - use) (Spring) (Summer) (Autumn) (Winter)
unanhsssunatazimeia
0.1 0.1 0.1 1.5
(Freshwater and Sea)
1h'li¥wdaly (Deciduous forest) 0.7 0.3 1.0 1.5
1184 (Coniferous forest) 0.7 0.3 0.8 1.5
yupah, Ta (Swamp) 0.1 0.1 0.1 1.5
ﬁ;}uﬁmimym (Cultivated land) 0.3 0.5 0.7 1.5
911 (Grass land) 0.4 0.8 1.0 1.5
fufwaiiieq (Urban) 1.0 2.0 2.0 1.5
ﬁ’uﬁm;amw (Desert shrub land) 3.0 4.0 6.0 6.0

117 : (US.EPA, 2004)



33

A 1 . ] [ 9 PPN Aa
A1519N 2.9 A1 Bowen ratio LLU\WIHJaﬂ]elfL!3ﬂ']icl‘]ﬁj331861)'1‘11/1ﬂuua%i}ﬂﬂWaiuﬁﬂWﬁzﬂﬂJ

2
ANVFUGA
m3ldlse Tenifau lu'ldwd | nefou Tyl | ggnunm
(Land - use) (Spring) (Summer) (Autumn) (Winter)
UHaLsITNIIALaZ U INZIA
0.1 0.1 0.1 0.3
(Freshwater and Sea)
Th'lfwdaly (Deciduous forest) 0.3 0.2 0.4 0.5
thau (Coniferous forest) 0.3 0.2 0.3 0.3
MU0, 19 (Swamp) 0.1 0.1 0.1 0.5
WUNMTAYAT (Cultivated land) 0.2 0.3 0.4 0.5
9% 91 (Grass land) 03 0.4 0.5 0.5
A A A
NUNUALNDY (Urban) 0.5 1.0 1.0 0.5
WUNNZ1@aNI Y (Desert shrub land) 1.0 5.0 2.0 2.0

7131 : (US.EPA, 2004)

A J ] o s a
#1379 2.10 A1 Surface roughness length (1UAT) ummmaﬂymzmﬂ%’ﬂiﬂwumuuam@ma

m3ldse Tomifan lu'ldng | nedou Tyl | ganunm
(Land - use) (Spring) (Summer) (Autumn) (Winter)
unaahsssunatazimea
0.0001 0.0001 0.0001 0.0001
(Freshwater and Sea)
Thlsfwaaly (Deciduous forest) 1.0 1.3 0.8 0.5
e (Coniferous forest) 13 1.3 1.3 1.3
yupah, Ta (Swamp) 0.2 0.2 0.2 0.05
ﬁ;}uﬁmimym (Cultivated land) 0.03 0.2 0.05 0.01
911 (Grass land) 0.05 0.1 0.01 0.001
fufwaiiieq (Urban) 1.0 1.0 1.0 1.0
ﬁ’uﬁm;amw (Desert shrub land) 0.3 0.3 0.3 0.15

117: (US.EPA, 2004)
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2 doyarhuwindmiullsunsugos AERMAP
[ Y A a ~ A 1 L&l A
AERMAP simthii)sziiuna Inflaeu lvesmsunsnszareuiuini

9 o 9

9 v Y i
FuFouiy IngazAviedodoyanugemvesiuisesouals Tng AERMOD azilszuiani

S 1

Y o 1 [
ANNgIveIiuANnason 1SN NIzIBveIAIsNANEYINAgAd S UgaNdeanIsAIuIw
Y v 9
ANUTNTULAAZYA ANNFIVDINUNTAD hill height scale 1ng AERMAP 15znouale fing

Y H
8B 9veINUNA IV IraIRuiia Aunig 1A unansznutazYoyadnyULAINGT

(Terrain Data) CRGEARY 3 Huvuuias 31U 15U STRM DEM (Shuttle Radar Topography Mission)

A 42 ' A R 9 I Y
I@ﬂﬂiﬂﬂﬂquwuﬂﬁ%m 60 DIFANUTIUDDN 56 ’0\‘]?”1&51 Iﬂﬂlﬂﬂﬂ]@uﬁﬁﬂ’ﬂuq@nﬂﬂ 30 LIRS
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Iﬂﬂﬂﬁgﬂ'lmclu‘wuﬂell@qa“ﬂﬁiﬂ!uﬁﬂ’l ﬁ'?uWHTIu@ﬂlﬂuﬂﬂWﬂuuﬁ]glﬂuﬂl'ﬁ]iAaﬂj'lNg\?nﬂﬂ 90
INAS 130 GTOPO30 ( Global digital elevation model) @ 14139 download IEERE

. < 9 Y A A @ =2~
http://www.webgis.com/ IﬂfJHJug’luﬂl@yaigﬂﬂﬂfﬂﬂq@ﬂl@ﬁwuﬂﬁ']ﬁc]ﬂﬁ@ﬂﬂquﬂﬂiaﬂcﬁﬂﬂ

1 9y 1 A a A a < Y A A
ITYSHNUVBIVDYALUADSYARND 30 adavisodszum 1 ﬂIﬁLll@]ﬁ Lﬂuas]u ('Ji’l'g‘ﬁ 19N, 2551)
2.5.3 ﬁaadNwam‘sﬁm’amﬂlmlmuﬁmm

o ' 1 o A a a a s

@]'J@f]']\uﬂ’ia\1fﬂluﬂﬁ?ﬁuﬁWE@Wﬂ’]ﬁﬂWﬂTﬁﬁﬂ’]uWaﬂﬁ’]ﬁ’ﬂgﬂﬁiauh!”l@]ialmg
TSN ANASATLIAN 1ulm@1ﬁﬂuqmmwmiummwmfu@aﬂ 1anIaszeed laelin1sns o

doyadmiulFnunuudiasuiiodsziiunsuninszaievewanyenalidoya 3 aaunan

a

1Aun Yoyagatisnine1 (Meteorological Data) Yoyaunasriuiianuanyo1n1el (Emission Data)

U

Y 1
= 9

9 A [ R A = [ dy
HAZUDYAFANINWUNUASHIUAANTENY (Receptor Data) §AN3180LL08AAIU

9 a

® pyageileuINngl (Meteorological Data)

9 a ~

WoyagANeNINGIN [FN1910 2 1A Ao ToyaveIdn g1 innmnIn

pimAie e Induuana anmsiaugamnssunralszmea lne 3 w.a. 2550 (Foyanania
< v P~ =~ a a v A a a

aunazANUIT ARG LN 2.9) nazdeyavesaniigatouinendaiu annsugaouinet il

9
w.A1. 2550 (YoyadSuaunaazanugegruum) aaudeyaoimasuuulddoyavesaniil

a

a a a a <3 a
BAUININGTUINUT NNITUYAUININYT i N.f. 2550 ("laljﬂﬂaljflﬂﬂﬂ"lﬂﬁﬂ AULTIAY QU LA

a

QI { U 1 4 g a o 4 &’
mmmmssammﬁsmummqqmm) ms1%’%’63&aaﬂym:wummwm%’ay)aammzwum

I 1 3 g { .
ponilu 3 9w UsznoudlednyazNuinyAIns5u (Cultivated land) Tuggiou (Summer) ¥
1A1Albedo ratio (MAU 0.2 A1 Bowen ratio 11111 0.5 a2 A1 Surface roughness length MY 0.2
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Emission Rate (NO,) (g/s) 2.71 1.69 0.44
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Rl X Y Vit
y 91015
N Coordinate (m) Coordinate (m) (GRERNSEE))
1 Production building1 184446.60 1648982.11 6480
2 Warehouse! (1200 tons) 184564.33 1649056.86 784
3 Bag Warehouse 184519.45 1649083.59 884
4 Warehouse5 (4000 tons) 184473.51 1649038.34 2448
5 Maintenance garage 184536.93 1649028.76 348
6 Warehouse 184479.13 1649129.53 3368
7 Warehouse2 (4500 tons) 184651.39 1648953.38 2296
7/1 Warehouse3 (4500 tons) 184656.37 1648979.79 2296
8 Office 184672.94 1649109.15 290
9 Kitchen room 184628.64 1649123.24 407
10 Dormitory 184602.35 1649122.15 1094
11 Dormitory 184571.14 1649124.00 659
12 Garage 184626.26 1649079.15 312
13 Warehouse4 (1200 tons) 184481.87 1648945.20 1197
14 Waste compactors plant 184565.18 1649031.49 741
15 Biogas control room 184479.13 1649129.53 323
16 Bio gas 184345.72 1649123.31 20865
17 Clean Energy Co.,Ltd. 184522.34 1648942.68 539
18 Production building?2 184598.71 1648943.78 1024
19 Water Treatment Plant 183890.61 1648905.60 311000




16
15
10
= 6
13
17 1 3 10
10 5
14 > 35 .\\ ’!.
10 \
11|\ /
I 12| |[10 \
18 /\
~ 2 / \
N AN 811/ \| |10
7 |71 w4 [\
/]
< 1o dnsrdy auu s138u - Tngade T 2. 50UATTITRNT  ——

717 4.3 upudavea lssau

42 msdanyimsilaesnaniveima

K o a

421 Tyduvasnuiianaiiveima

¥ '
Han13d1529 Taenmsasiiuiasiadouaz s IusWdoyaurasiuiauany
pIMAYDY V3N gadmnssuutlaIng iy $1na tledaiigyFunasdudianaiveima la
¥ 2 o = Yy 9 ) A
FMINITY 15 T1ensaadnslunsied 4.3 Tasszneulidredoyaunassuiavaiy

21017 LNV IUNAIAUUAVANHOINA A1TUANYDINAINUHAINUTLANANYINALALY

[ v o

seauiedinn TaounasduianTied g laun dassszueomaandon 3 Uaes dass

szaneomalunszuiumseuntls 2 Yass dassszuisoimaszuunannszua T 2 daog

a 1 o (-7 50’ U { o 1 a o {
auneingautaztotniaiude Awaaslugin 4.4 vazuaaadriainaluasan 4.4

61



M13197 4.3 VyFunaanuiiauaiye1Naued 159911

62

szian 3ZA1
jrlﬂﬂ’]s 1 o a J a tﬂ' o o 3
P urasnuila HHas yanyoIMANGIAY B
n
Aula GARLY
18939521180 1MAVDUAT 0 Huazeod (TSP) (NO,)
1 o HULYA 9
HanauIou 1 (SO,
18939521180 1MAVDUAT 0 Huazeod (TSP) (NO,)
2 - HUDYA g
HanaNIOU 2 (SO,
Ua09521U1801MAV0 AT 04 Huazo04 (TSP) (NO,)
3 - HULYA oK
HANaNIOU 3 (SO,
Yaosszuweimelu .
4 wuuge | uazeood (TSP) 9
nszuumsouuil 1
Yaosszuweimelu .
5 wuuge | Huazood (TSP) g
nszuIUMIoDuil 2
Ud045211801MAVDITZ U Huazeod (TSP) (NO,) 1
6 N MGG
maanszualiih 1 (S0,) naN
1/a095201801MAVDITEUD Auazeod (TSP) (NO,) 1
7 N HUUYA
waangzue i 2 (0,) AGEN
J [
8 AUNBIINYAL HUUNUR Huazeed (TSP) 4§
1w ;
9 auunelulseu wuuiun | duazead (TSP) M
H.S
Vo o YA v A A
10 verhtiatude uul3ema) | vuuiun | CH, g9
nau (Ordor)
e o ¥ oa HS
IGIRNCIRTGE 24 I
1 . HUUWUN | CH,
(uuuvanoamnm) B GEM
naY (Ordor)
Lo o ¥ oa HS
IRARMICIVRIGHY 4 .
12 - HUDWUN | CH, ¢
(LUVIANDINIA) .
nau (Ordor)
13 Uaearnmasaauny wuuga | (NO,) (SO, ¢
Lo LU Huazeed (TSP) .
14 RTVINQAD 1 ~ . ¢
15115 | n@u (Ordor)
Lo LY Huazeed (TSP) .
15 93VINQA 2 ~ - o
151195 | n@U (Ordor)




Udaadi-1
Udaafi-6 Udaaii-2
Yaaaii-7 Udaaii-3

2
o
o
)
o]
3
T
5
()
-,
=
>,

JU7 4.4 umauraInuiauaiiyeIMA

M3197 4.4 FoyaduniseumatuianaiyeIn s

63

.7 AUHUINNA (UTM)
R GRaRIE
X Y

1893521189 1MAVBUATBIHANANT OU 1 184581.20 1648966.87
1/8943211891MAVDAATDIHAN AT DU 2 184556.08 1648968.27
1lapesz1ng9IMAYRUATBIHANANT DU 3 184547.36 1648969.32
laneszineeimalunszurumsenntls 1 184563.68 1648984.13
ansszineeimalunszurumsenntls 2 184554.01 1648984.46
lapeszineemavesszuunaanszua v 1 184528.53 1648965.48
lapeszineeimavesszuunannszua i 2 184535.51 1648948.39
auneIingay 184588.99 164894147
1 o v ’0’
SR GUAIGE 184392.52 1649037.75
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43 madszanamifadensdassuainy

431 uvasnudauuuga (Point Source)
9
uraenulauanyoIMIALLLIANT 7 urasiuiialdiinisasivianinaiuy
Yy 9 2]

Wuduveamassames laoon laduaz lulasnulasen laanszuienindass luvamzniinig

o A a ¥ A a L& Y o ~
autunmskan lagleaseansiginig TESTO 350 "lﬂwamminw 4.5 110 4.6

A 4 v W J J 1 =
AT NN 4.5 ﬂWﬂﬁ@]ﬁ’J‘D’Jﬂ“ﬁaW\Iﬂiulﬂ’é]’é]ﬂulclfﬂmﬂﬂaﬂﬂigﬂwllﬂlﬁﬂ

MANUANTUNa Yo 1NA
IV GERRITE (laaniudognIIARLAS)
A%adt 1 A%adi 2 AunGY
Yaoeszwomeaveunsewanandon 1 1101.69 1070.29 1085.99
Yaoeszuivomeveunsewananiou 2 1075.12 1048.52 1061.82
UgpeszuiooImAve e Wananen 3 1193.44 1121.93 1157.69
dassszueormelunszuiumsonuils | 0 0 0
dassszvwomalunszuiumsonuds 2 0 0 0
Yaesszineemeavessruunaanseue i 1 42.15 44.14 43.15
davsszueomevesszuunaanszud i 2 42.15 44.14 43.15

M319N 4.6 ansasdia lulasou laeen leaaindaesszuielode

MANVTUTUNANE I
1 o A Aa a o 1 14
LY LUA (HAANINABYNUIANUAT)
Z 2 Z 2 . 4
AIIN 1 AIIN 2 ANURNAY
1a995211801MAVDUATDIHAN AN DU 1 0 0 0
a5z 11801MAVDAATDIHARANT O U 2 0 0 0
18939521180 1MAVDUATDINAN AT DU 3 0 0 0
Hapaszuiseimalunszuiumseunila 1 0 0 0
Hapaszuieeimalunszuiumseunila 2 0 0 0
avaszuigoimaveaszuunaanszua v 1 0.89 7.13 4.01
avaszuigoimaveszuunaanszue v 2 0.89 7.13 4.01
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1 YOINGY , LrHaInu
2IMA(RVAZ0D4)
11131 (No.4) 7 Woud/10° unaasu) AP-42 US.EPA, (2008)
UINU (No.5) 10 (Woud/10° unaasw) AP-42 US.EPA, (2008)
UINU (No.6) 9.19 (oua/10° unaas) AP-42 US.EPA, (2008)
I < 3
1% LPG (Butane) 0.8 (Uoua/10° unaasu) AP-42 US.EPA, (2008)
I < 3
% LPG (Propane) 0.7 (oua/10° tnaaou) AP-42 US.EPA, (2008)
o a 7 6 14
MYFTTUBIA 7.6 (oud/10° gnuiAnwe) AP-42 US.EPA, (2008)
@ - < 4 South Dakota Department of Environment
NFBININ 0.01 (oua @v 10° INY)
and Natural Resources, (2005)
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A [ d‘ 1 d‘ 1 d' ré 9 dy a o = Y a o
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7911118 South Dakota Department of Environment and Natural Resources U ® 3 Usginea
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1 hr 1m3 0.00105587 MJ 106 Btu 11lbs 3,600s
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aeen 2 195msszunammstassuanyoimesiufednuilaosn 1 Tasdaoad 2

&’ a J T O 1 1 v 1 W o
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Documentation for AP-42” 9@ 11@ @ U.S. Environmental Protection Agency U9 Useine
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9MIINITTLUY =

] 9
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3% 0.25 (NTansu @0 1 1INNENTY) AP-42 US.EPA, (1995)
losTnau 0.13 (M 1an5u Ao 1 1IWAZATY) AP-42 US.EPA, (1995)
Fabric filter 0.08 (N1ANTN AD 1 NAZNTY) AP-42 US.EPA, (1995)
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tﬁ' \J % \ \ d‘ a a dy a
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Natural Gas-Fired Turbines

6.6 (Joud o 10° Hiig)

AP-42 US.EPA, (2008)

Distillate Oil-Fired Turbines

12 (Joud ao 10° g

AP-42 US.EPA, (2008)

Diesel Fuel

62

0.31 (oud o 10° 1iig)

AP-42 US.EPA, (2008)

Gasoline Fuel

=1

0.1 (oua ao 10° Tie)

Y]

AP-42 US.EPA, (2008)

5] =
NIFYININ

A

0.0001 (oud ao 10° Viig)

£

South Dakota Department of
Environment and Natural

Resources, (2005)

U 4 a a v a v Jd o
‘]J'd@\‘13$U13J@1ﬂ'lﬁall@%ﬂ§ﬂ\iWﬁGIHLV\IWWJHWQ 1200 nladaauaz 950 nladaa Mg

1 ¥ Y3 1 9 Y A v Yy o 1 1
Llﬂﬁ\iﬂ'lﬂ?'lilﬁﬂuﬂ’E)ﬂﬂh’ﬂﬂuﬂ’]ﬂ')’]?JﬁﬂuHJ’]LWﬂslﬁﬁﬂﬂﬂa@Qﬂﬂﬁﬂﬂ'ﬁﬂ']ﬁ‘llﬁgll']mﬂ'lﬂ'lﬁﬂa@ﬂ

YANYINTAUNT

AAY3 DUDDN(

unua luaums ;

MAN3 U ( Y

a9 6 92 1dmm

MMBtu

mnmdoudn (KW)

12.41 MMBtu
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hr 0.33

1 hr

aoan 7 92 ldmny

) X (3.413x10_3) @msuasniog)
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Usznammsdaeeruazessvealdesii 6 uazddesd 7 M1sy 0.000156 nudeIunil
(ag 0.000124 NTUABIUIN MNAIA
4.3.2 gmdaﬁuﬁmmuﬁuﬁ (Area Source)
(1) auNeIIngAL
annududuvesuazessiiiniusinarunesiagau ldureindinis
U52u1291010N a5 “Emission Estimation Technique Manual for Sugar Milling and Refining”
3n111 18 National Pollutant Inventory Y041/521ne00dA51@y (NPL, 2001) Fafimuuzihdmsa
91311133 D18AUALRININY 2.72 NTUABAY UBATINIIHAA 500 fudeunazdvinaiud
1,7043.70 15 19MA5 WAUIUMIBATINMIT2U0HUaz 009 TUMLIeNTuADIUIIADA1T 1WAT

@

t
NH

500ton . 2.72g 1 1 Day 1 hr
1 Day 1ton  11,250m?2 24 hr  3,600s

9MIINITTLUY =

= 1.3x10° NFUADIUINADATIUNAT

! o w g =2
(2) UshuaUudY
1 ] o b B o o o o o I
11!ﬁ'JLlGU?J\‘]U@U1Uﬂu1lﬁ8‘ﬂ1f‘ni@]iﬁﬂ')ﬂﬂf’l3Tﬂilﬂu‘¥ﬁ17\|ﬂiﬂﬂﬂ1ﬂ1ﬂﬂﬂ
4 1 < 1 1 4 A 1 o 30' ]
N1YIINNABDINUAIDYINUUIA 40x40x120 ANUIANNATIHUALNAT ﬁmugqmﬁmmummu
o a 1 1 Yy Y o [ o = [
U3 67 LFUALUAT Tﬂﬂﬂﬁ@ﬂﬁﬂlﬂﬂﬂ?ﬂﬁﬁ\l!ﬁllilslluﬂiclf‘lﬁiﬂiLﬁ]u‘ﬁ)'ﬁ"lV‘Iﬂiul'JﬁT 25 UIN NNUY
A d Y o 1 v @ v Y 9 o A =~ ' o
18.37 NNIDY L!ﬁ')ﬂ11!'Jil‘!ﬂTV\laﬂCIfIﬂfJGLGIfﬂ'JTNLGIJNGIJ‘HGU@\‘]ﬂ”I%'LiJ@L'Jﬁ”IL‘iJﬁfJuulﬂ{luﬂﬁ@Q AN

aum3ae 113 (Singh et al., 1998)

P BVsq X dC X MW
T 10% x 22400 X A X dt

BV X B.P.x 273

BVgq =
Std ™ (273 4+ T) x 760
Taen
1 o J 9] 1 a % 1T A A
F = ﬂ']‘i/\lﬁﬂ%ﬂl’f]\iﬂ?‘]ﬂlﬁﬁ%"]ﬂlﬂ (NTUADIUINEDATNLUNT)
1 a ! ~ 1 A (2 %‘ A @
BVyp = ’IJ‘%NW]iﬂiﬂiuﬂa@Q‘Wﬁ"lﬁ@ﬂﬁ?i&ﬂ@glﬁu@ﬁgﬂUUTﬂﬂﬁﬂJﬂN

s a
(Qﬂ‘]ﬂﬂﬂl"b’i‘!ﬁmﬁi)
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B.P. = ﬂ’JHJﬂu‘U’iifJ']ﬂWﬂGluleﬂ!Suu(Nﬁﬁluﬁiﬂiﬂ“ﬂ)
%) 1 a
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= gumgivesimanedlunaed (eeryaied)
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A A Y o 1
A = WUNHINAAVDINABY (AT 19NAT)
[ Yy Y [ A A 4 =]
dc = WA NvIANNNTUMFIAasFIaNAgUdLazIaT t (WD)
dt = szeznanld (i)
unua luayms

(40 X 40 X 67) X 760 x 273

BV =
std (273 + 25.5) x 760

o 98,042.21 X 18.37 X 34
"~ 10% x 22,400 x 0.16 X 25
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i]zul@ﬂflé’li@]iﬁ]uc]iaUlV\I@ﬂJfJQ‘]Jﬂ‘]JT]JﬂHHETfJWI'Iﬂ‘U 0.0683 ﬂﬁll@]'ﬂ’)u'lﬁ@ﬂ@]'lﬁ%imﬁﬁ
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M15199 4.10 FoyaunastuiauanyoIMALUUNUN

urasnuila i ansimslaseuanivoine
(M3 NLNNT) (ﬂé"u/ﬁmﬁ—msmum)
TSP S0, NO, H,S
aUNBIINgAL 11,250 1.3x10°" 0 0 0
tehiariude 370 0 0 0 0.0683

1.61deeTasensiasenin (NPL, 2001)

2.A71910N15A393A

A1599 4.11 FoyaunatuiiauanyeINALLLYa

taos | anwae | gawad | anwsa | duru . . - v oA

, ¥ R ons1Mstassuanyems (NSN/AUIN)

b a9) wadw) | e | eudnang
(n9) TSP SO, NO, H,S

1 11 464.15 0.70 0.6 0.01' 0.21 0 0
2 12 464.15 0.41 0.78 0.02' 0.21 0 0
3 12 464.15 0.70 0.65 0.01' 0.27 0 0
4 10 458.15 30° 1 0.72° 0 0 0
5 10 458.15 30° 1 0.72° 0 0 0
6 6 803.15 27.16 0.3 0.000156' 0.08 0.00769 0
7 5 733.15 27.16 0.3 0.000124' 0.08 0.00769 0

1.81989a11T93em151/av8910 (South Dakota Department of Environment and Natural Resources, 2005)
2.81989A117998131/a08910 (AP-42 US.EPA, 1995)

3.81989A11f098n151/a0891n (Wanlapatit, 1998)
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Y Y @ s a 1 o a A1 o 1 2 = 9 9
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451 MAAIENTONANIMILIUUIINIAMNINDINA AERMOD
TuguvesuuTiaesnunmeIMALLUaNYTal (AERMOD) i 15unsudosi
o 9 v A = < 9 Y a a =
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< 9 vy A A 9 = 2 o &
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¥
9 a a v A .
1) mayjaq@mmmﬁmumﬁu (Surface Air Data)

Y a a v A ti’ = 2’, g Y A Y Y IS}
JoyagatouInerszaunaiulunmsaniaseilladenlddeyaninannil
A a o o = a a I Y = Y
gAleN NGV IAUATIIFTL nIuggHonInel Tludeyavesil we.2sss Taesznoulidae
WNOIRUADITIATI9IA TOLAANGIF I (Ceiling Height) Y03aNifN19a1 (Wind Direction)
] a 2
Yoyan11W1539a4 (Wind Speed) Toyagagil (Temperature) tazdoyatsuiauuinagu
(Cloud Cover) Tagihdoyasinaiuiinmsiaizeadoyalioglugiiuuves SCRAM Format

aananaluaisned 4.16

o 9 a a o a & A 9 3 9 & o @
FatoyagateuInerszauinu ldiludoyasie 3 ¥1luaazrihimsdiy

P
Aa A

v A a o yI v & Y o A 0 A Yy Y
doyagaieninerszavinuliiudeyasie 1 51lus Tagldwanmsmasauneldlan
9

)] o

& ~ A Y 9 a A W Yy &
ﬂlﬂgﬁﬂlﬂﬁ%’ﬂuﬁ“ﬂ 2 uazm@uﬁam@wﬂmm 3 smnumagawﬁmqau LW@GqulﬂsllﬂgaﬁEJ 1 GD"JI?N

v 9
Taglinanmsmiaunaeadil (33175 1709, 2551)

Foyad Tued 2 = Goyas Tuah 1) + oyad Tuaha — doyadn Tued 1)/3

U

Foyada Tued 3 = Foyas Tuad 1) + Foyas Tuah4 — doyadnTuei 1)%2/3

U
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lugruvesdoyaianisan 1doyafianivanvesralui 1 wnndoya
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a 7

NAN19auUeE Tued 4 1Huna 90 eer Iddeyanamsanvesta T 2 imvesdoyaminy

9 a ) A Y Y a ) A A 9 )
ﬂlﬂua‘ﬂﬁﬂ']\?auéllﬂqsﬁjiu\?ﬂ 1 LlazGlﬁﬂlﬂua‘ﬂﬁﬂ’mauﬂlﬂqsﬁjiu\?ﬂ 3 UAVBNUBYaININUYDYA

U U £

Naneavueedd Tueh 4 uaz lunsdindoyafianisanvessa Tued 1 winnNdoyananivay

[

@ A rTa U Yyq ¥ A U A [ 9 A
Vo932 T 4 ulmﬂl!ﬂ’ﬂ 90 mﬁﬂw“lwaﬂmﬁmamemaJeuﬂumﬁmmayaeuq

v Y
M13199 4.16 mydaisestoyagailonine@iiiulugiuuy SCRAM format

(ToyaTui 1 uNTIAN W.H.2555)

Station Ceiling Wind Wind Total Opaque
Year Month Day Hour Temp
No. Height Direction Speed Cloud Cloud
48431 12 01 01 00 027 05 003 074 01 01
48431 12 01 01 01 027 05 003 074 01 01
48431 12 01 01 02 027 00 000 070 01 01
48431 12 01 01 03 027 00 000 070 01 01
48431 12 01 01 04 027 00 000 070 01 01
48431 12 01 01 05 027 06 002 067 03 03
48431 12 01 01 06 027 06 002 067 03 03
48431 12 01 01 07 027 06 002 067 03 03
48431 12 01 01 08 027 09 002 074 01 01
48431 12 01 01 09 027 09 002 074 01 01
48431 12 01 01 10 027 09 002 074 01 01
48431 12 01 01 11 027 06 002 081 02 02
48431 12 01 01 12 027 06 002 081 02 02
48431 12 01 01 13 027 06 002 081 02 02
48431 12 01 01 14 027 09 002 086 02 02
48431 12 01 01 15 027 09 002 086 02 02
48431 12 01 01 16 027 09 002 086 02 02
48431 12 01 01 17 027 00 000 081 03 03
48431 12 01 01 18 027 00 000 081 03 03
48431 12 01 01 19 027 00 000 081 03 03
48431 12 01 01 20 027 00 000 078 03 03
48431 12 01 01 21 027 00 000 078 03 03
48431 12 01 01 22 027 00 000 078 03 03
48431 12 01 01 23 027 05 003 074 01 01

@ a Jd o a a
Station No.=HoyasWaaniil, Year=T a5 aadns1svesdoyagqioningl, Month = 1douveidoya
gAlieuINe1, Day = TuuptoyagaionIng, Hour = 52 1usvesdoyagaiioninen, Ceiling Height = Yo3ya

a

9 a a

<
AUGIFIUNN, Wind Direction = Yo3aiAn19an, Wind Speed = ¥03yan21m157a%, Temp = ¥ 0yagungil,

U

9
Total Cloud = UFnauualnaguinaniu, Opaque Cloud = 3uaunwilnagu
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msvnisestoyalnoglugunuues FSL format (Forecast System Laboratory) fiataaalugaf

4.8

*% UPPERAIR

X DATA UBON12_UA.QA

b EXTRACT UBON12 UA.UA

¥ XDATES 12/1/1 TO 12/12/31

*@ LOCATION 48487 15.15N 104.53E @

* QAOUT UBON12 UA.QA

* AUDIT UATT UAWS UALR

*** EOH: END OF UPPERAIR QA HEADERS

12010107 5
1le600 130 17e 17e 8@ 11e
8500 1506 136 136 1lee 13e
7000 3131 118 118 8@ 13e
6000 4400 53 53 80 180
5600 5863 -33 -33 70 19e

12010207 5
10660 137 146 146 70 120
8500 1568 137 137 13e 90
7000 3134 126 126 11e 120
6000 4406 51 51 11e 9e
56ee 5866 -40 -40 15e 15e

12010387 5
106060 139 145 145 100 30
3500 1515 145 145 1lee 60
7eee 3146 106 106 60 3e
6000 4418 49 49 200 40
5000 5874 -49 -49 200 8@

1201e467 5
1lo6ee 128 165 165 7e 40
3500 1517 168 16@ 11e 12e
7060 3147 112 112 200 30
6000 4417 608 6@ 168 68
5600 5883 =39 o9 230 14e

12010587 5
1loeee 123 178 178 120 30
8500 1520 16@ 160 100 1ee
7000 3152 127 127 23e 5@
6000 4425 49 49 240 7@
5600 5883 -46 -46 35 19e

] 9
= o A 9 a a %
717 4.8 mIvaiTeaveyagaenIngyuUL gL FSL format
o 1 9 o A = A
AIDYWNUDUAIUN 1 DY 5 1ABU UNTIAY W.A.2555

G

9 1

9
3) YoyamilatuanyauLHINY (Surface Characteristics)

U

(%

1 [ a dy A T W &/ A A 9
ﬁﬂﬁj% ﬂaﬂymzmwuwiamamgmzmwwmmwummaaﬂiﬁﬂu

=3
=

Q)
= Y Ay ya 9y PR A 9 Y !
miﬁﬂymim”lmaaﬂclﬁvﬁuayaﬂimwumwmm (Urban) Gl,qu]iau”lmm (Albedo) AN1T

¥
azRouvensunsidnniuaundugussoimalag lilinisgad Ae 0.16 (Bowen Ratio)
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dasraruvesmalasunilainiiudou (Sensible heat flux) aonslasunilasveinnudon
1 { 3 §
1kl (Latent heat flux) A9 2.00 Az (Surface roughness length) A1ANNFINANNE ARG U

v ] A
UUIsEALRIY 0 AD 1.00

=

o £ .
4) UBYANNUYIVOINWUN (Terrain Data)

A g

9 A J Ao 9 A g 9 ) [
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o
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doyannuganunndenlylunsdnyl Ao SRTM DEM NunihnsAnylseAunuge 220
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pIMsHAzAINe a3 19 lAgNDUTIA0INMANTNDINIARININDINIA AERMOD aanaadlugii

4.10

' » K
31 4.9 szauanugevesiunn 1 lumsfnu
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M135199 1.1 JuuumMstaisestoyagaiionine1luuy SCRAM format Goyaiui 1 1hou

UNTIAY W.A.2555

U

Station Ceiling Wind Wind Total Opaque
Year Month Day Hour Temp
No. Height Direction Speed Cloud Cloud
48431 12 01 01 00 027 05 003 074 01 01
48431 12 01 01 01 027 05 003 074 01 01
48431 12 01 01 02 027 00 000 070 01 01
48431 12 01 01 03 027 00 000 070 01 01
48431 12 01 01 04 027 00 000 070 01 01
48431 12 01 01 05 027 06 002 067 03 03
48431 12 01 01 06 027 06 002 067 03 03
48431 12 01 01 07 027 06 002 067 03 03
48431 12 01 01 08 027 09 002 074 01 01
48431 12 01 01 09 027 09 002 074 01 01
48431 12 01 01 10 027 09 002 074 01 01
48431 12 01 01 11 027 06 002 081 02 02
48431 12 01 01 12 027 06 002 081 02 02
48431 12 01 01 13 027 06 002 081 02 02
48431 12 01 01 14 027 09 002 086 02 02
48431 12 01 01 15 027 09 002 086 02 02
48431 12 01 01 16 027 09 002 086 02 02
48431 12 01 01 17 027 00 000 081 03 03
48431 12 01 01 18 027 00 000 081 03 03
48431 12 01 01 19 027 00 000 081 03 03
48431 12 01 01 20 027 00 000 078 03 03
48431 12 01 01 21 027 00 000 078 03 03
48431 12 01 01 22 027 00 000 078 03 03
48431 12 01 01 23 027 05 003 074 01 01
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YagAlouIMe IuLY SCRAM format oyaiud 31 Hou

Station Ceiling Wind Wind Total Opaque
Year Month Day Hour Temp
No. Height Direction Speed Cloud Cloud
48431 12 12 31 00 025 09 009 066 05 05
48431 12 12 31 01 025 09 009 066 05 05
48431 12 12 31 02 025 09 010 063 05 05
48431 12 12 31 03 025 09 010 063 05 05
48431 12 12 31 04 025 09 010 063 05 05
48431 12 12 31 05 025 05 005 062 08 08
48431 12 12 31 06 025 05 005 062 08 08
48431 12 12 31 07 025 05 005 062 08 08
48431 12 12 31 08 025 07 009 065 08 08
48431 12 12 31 09 025 07 009 065 08 08
48431 12 12 31 10 025 07 009 065 08 08
48431 12 12 31 11 025 09 008 074 06 06
48431 12 12 31 12 025 09 008 074 06 06
48431 12 12 31 13 025 09 008 074 06 06
48431 12 12 31 14 025 07 005 079 04 04
48431 12 12 31 15 025 07 005 079 04 04
48431 12 12 31 16 025 07 005 079 04 04
48431 12 12 31 17 025 07 003 075 04 04
48431 12 12 31 18 025 07 003 075 04 04
48431 12 12 31 19 025 07 003 075 04 04
48431 12 12 31 20 025 08 001 071 02 02
48431 12 12 31 21 025 08 001 071 02 02
48431 12 12 31 22 025 08 001 071 02 02
48431 12 12 31 23 025 09 009 066 05 05
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v = a

Station No. = YoyasHaan1iigaiionine

A 9 a
Month = D UVDIVDYAYAUININY

k)

o 9 a a
Hour = ‘K’JI?JQ‘U’E’J\W’E’JNQQ@H?JN?VIEJ'I

£

Wind Direction = fioyaifAn1sau

Temp = Yoyagungi

Y

Opagque Cloud = U3uauuuilnagy
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a o o a a
Year = Wnsaddnisuosdoyagailonine
Day = TU03i0yagaonIing
9

Ceiling Height = Yo3yanugegiuim
<
Wind Speed = Yoyan11u13 a0

Y
Total Cloud = 31anuanlnagunaviua

A =X
VDYAIUN 1 DI 5|

*¥ UPPERAIR

bt DATA UBON12_UA.QA

¥ EXTRACT UBON12 UA.UA

% XDATES 12/1/1 7O 12/12/31

*@ LOCATION 48407 15.15N 1@4.53E @

* QAOUT UBON12_UA.QA

* AUDIT UATT UAWS UALR

*** EOH: END OF UPPERAIR QA HEADERS

12010107 5
leeee 13e 17e 17e 8e 11e
8500 1586 136 136 100 130
7000 3131 118 118 8e 13@
6000 4400 53 53 8e 180
5000 5863 -33 -33 7@ 19@

12010207 5
10000 137 146 146 7@ 120
8500 1508 137 137 130 9e
7000 3134 126 126 11e 120
6000 4406 51 51 110 90
5800 5866 -40 -48 15e 15@

1201@3e7 5
12000 139 145 145 1ee 30
3500 1515 145 145 100 60
7000 3146 106 106 60 3e
6000 4413 49 49 200 40
5600 5874 -49 -49 200 8e

12010487 5
looee 128 165 165 7@ 40
3500 1517 160 160 11e 12e
7000 3147 112 112 200 3e
6000 4417 68 6@ 160 (]
5000 5883 -39 -39 238 140

12010587 5
10000 123 178 178 120 3e
8500 1520 160 160 100 10
7000 3152 127 127 230 5e
6000 4425 49 49 240 7@
5000 5883 -46 -46 35e 19@
v A 9

9
gavoyagaionImesunulugiiny FSL format

A0 UNIIAY W.A.2555
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d‘ = 9 9 a 1 1 d' @ a
A1519% .1 walSuraanuanTuvoINanyo1N1A (FJHﬁ%E)’E)Q)ﬂ']LﬂﬁfJ 1 %2 Tu9 US 1w

o 1 Yo d'
AU UINIUN 1

Puanutuduvesiuazess (lulninfudegmnediuag)

=
1anus
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 30.04 23.29 18.82 15.74 13.50
B 37.98 30.54 2541 21.68 18.86 16.67 14.93 13.51 12.34
C 46.70 36.37 30.56 26.50 2341 20.97 18.98 17.34 15.95 10.76 8.84
D 66.44 45.06 34.61 28.41 24.25 21.23 18.94 17.11 15.64 10.36 8.49 5.86 4.48
E 87.05 57.88 43.41 34.73 28.94 24.81 21.71 19.29 17.37
F 132.00 87.73 65.78 52.62 43.85 37.59 32.89

d' = 9J 9J a 1 1 d‘ < a o [}
15190 7.2 YSnaanuuduyeananye1n e (vJuasem) ANRDY 1 F2 TUY UTUA WK

Yo A
HSUN 2

Pnuanuduiuvesiuazess (lulasnsudegmnains)
[LGlH
Mw
1 1.5 2 2.5 3 3.5 4 4.5 5 8 10 15 20
A 8.20 7.78 7.44 6.72 6.00
B 3.62 4.75 6.74 8.42 9.46 9.94 10.05 9.92 9.66
C 6.47 517 5.39 6.53 8.07 9.63 10.99 12.04 12.79 13.40 12.39
D 14.27 10.37 8.26 7.18 6.72 6.73 7.09 7.71 8.51 13.64 15.59 16.30 14.90
E 14.56 11.06 9.15 7.94 7.10 6.49 6.01 5.64 534
F 22.19 15.99 12.76 10.75 9.37 835
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d‘ = 9 9 a 1 1 d' @ a
A1519% 7.3 walSuraanuInTuveINanyo1N1A (FJHﬁ%E)’E)Q)ﬂ']LﬂﬁfJ 1 %2 Tu9 US 1w

o 1 Yo d'
AU UINIUN 3

Punanutuduvesiuazess (lulninfudegmnefiuag)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 6.76 3.06 1.73 112 0.82
B 5.31 5.46 5.35 4.90 441 3.97 3.59 3.26 2.98
C 3.10 4.81 6.51 7.45 7.77 7.72 7.48 7.16 6.80 4.95 4.11
D 5.02 4.02 4.10 4.90 6.02 K.l 8.19 8.99 9.58 10.14 9.41 7.42 5.96
E 11.02 9.45 8.65 8.14 7.78 7.49 7.26 7.05 6.87
F 14.42 11.35 9.72 8.73 8.05 7.57 7.20

d' = 9 £ a 1 1 d‘ < a
A1519% 7.4 MadSuua NN UV INAN YD 1N A (duazam)mmaﬂ 24 ¥ 19 USIW

[ Yo A
ATLUNUINTUN 1

\ o .
Psuammutuduvesiuazess (lulnsniudegmnefiuag)

[LGlH
Mw
1 1.5 2 2.5 3 3.5 4 4.5 5 8 10 15 20
A 12.02 9.31 7.53 6.30 5.40
B 15.19 12.21 10.17 8.67 7.54 6.67 597 5.41 4.93
C 18.68 14.55 12.23 10.60 9.37 8.39 7.59 6.93 6.38 4.30 3.53
D 26.57 18.02 13.84 11.36 9.70 8.49 7.58 6.85 6.25 4.15 3.40 2.34 1.79
E 34.82 23.15 17.36 13.89 11.58 9.92 8.68 7.72 6.95
F 52.80 35.09 26.31 21.05 17.54 15.04 13.16
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d' = 9 9 a 1 1 d‘ < a
A1519% 7.5 madSTuua NN IUYINAN YD 1N A (duazam)mmaﬂ 24 ¥ 19 UTIW

o 1 Yo d'
AN UINTUN 2

Punanutuduvesiuazess (lulninfudegmnefiuag)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 3.28 3.11 2.98 2.69 2.40
B 1.45 1.90 2.70 3.37 3.78 3.98 4.02 3.97 3.86
C 2.59 2.07 2.16 2.61 3.23 3.85 4.39 4.82 5.12 5.36 4.95
D 571 4.15 3.30 2.87 2.69 2.69 2.83 3.08 3.41 5.46 6.23 6.52 5.96
E 5.82 4.42 3.66 3.18 2.84 2.59 2.41 2.26 2.14
F 8.88 6.40 5.10 4.30 3.75 3.34 0.00

d' =Y Y 9 a 1 1 d‘ < a
A1TNN A.6 HaUSuIaAN I NYUYRINaN Yo 1IN 1A (PJU@ZE]'O\‘I)?]HQ'Q?J 24 "]f’JIiN VILIY

[ Yo A
AU UINTUN 3

Pnuanutuduvesiuazess (lulnsnfudegmnaiung)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 271 1.22 0.69 045 033
B 2.12 218 2.14 1.96 1.77 1.59 1.44 1.30 1.19
c 124 1.92 2.60 2.98 311 3.09 2.99 2.86 272 1.98 1.65
D 201 1.61 1.64 1.96 241 2.87 328 3.60 3.83 4.06 3.77 297 238
E 4.41 378 3.46 326 311 3.00 2.90 2.82
F 577 4.54 3.89 3.49 322 3.03 2.88
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~ Y v A ' ' a 8 a o ' Yo
ATTINN 1.7 Walﬁu1ﬂ!ﬂ31ulﬂluﬂluﬂ]@quaWH@’]ﬂ’]ﬁ (VJH@%@@Q) ANUNAY 1 ﬂ Uﬁl’)mﬁ’]!iﬁ‘l‘!\iﬁﬁﬂ

.
Nl
Punanutuduvesiuazess (lulninfudegmnefiuag)
-
[
2
1 15 2 25 3 35 4 45 5 8 10 15 20
A 240 1.86 1.51 126 1.08
B 3.04 2.44 2.03 173 151 133 119 1.08 0.99
c 3.74 291 245 212 1.87 168 152 139 128 0.86 0.71
D 531 3.60 277 227 1.94 1.70 152 137 1.25 0.83 0.68 047 036
E 6.96 463 347 278 232 1.98 174 154 139
F 10.56 7.02 5.26 421 3.51 3.01 2.63

A
AT NN A.8

9y 9 a N 1 A = 2 o 1 Yo
waﬂ?mmﬂammmumamawymmﬁ (FJ‘L!ﬁZEJEN) ARNAY 1 “]J UINUANUNUINTY

|
N2
Pnuanutuduvesiuazess (lulnsnfudegmnaiung)
1adios
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.66 0.62 0.60 0.54 0.48
B 0.29 0.3 0.54 0.67 0.76 0.80 0.80 0.79 0.77
c 0.52 041 0.43 0.52 0.65 0.77 0.88 0.96 1.02 1.07 0.99
D 114 0.83 0.66 0.57 0.54 0.54 0.57 0.62 0.68 1.09 125 1.30 119
E 116 0.88 0.73 0.64 0.57 0.52 0.48 0.45 043
F 178 1.28 1.02 0.86 0.75 0.67 0.00
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Yo

= 9y 9 a " J A = a o 1 ~
A9 1.9 UTUANUVNIUVBINANEDINA (PJL!EWEJ’EN) Amay 11 UIIUAHUINTUN

Punanutuduvesiuazess (lulninfudegmnefiuag)
-
[
2
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.54 0.24 0.14 0.09 0.07
B 042 0.44 043 0.39 0.3s 0.32 0.29 0.26 0.24
c 025 038 0.52 0.60 0.62 0.62 0.60 0.57 0.54 0.40 0.33
D 0.40 032 033 039 0.48 0.57 0.66 0.72 0.77 0.81 0.7 0.59 0.48
E 0.88 0.76 0.69 0.65 0.62 0.60 0.58 0.56 0.55
F 115 091 078 0.70 0.64 0.61 0.58

A a Y 9 a o o s A <
AT NN A.10 waﬂ‘immmmmmmmmuawymmﬁ (Glfal‘i/\lﬂ'illﬂ’i]@ﬂvlc]fﬂ) ANURNAY 1 “H'JT&N

VSNUAWHUHTUAN 1

Pmannududuvesdanies lasenlu(luTasniudegnuiriuas)
1adigs
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 25007 | 23315 | 203.08 17820 | 158.15
B 234.78 247.95 232.70 213.50 195.55 179.71 165.89 153.80 143.20
c 1377 | 16401 180.08 | 18118 | 17654 | 169.92 | 16275 | 15563 | 14880 | 11542 99.45
D 6.93 17.61 27.40 34.40 38.99 41.88 4372 44.87 4559 46.19 44.95 39.91 35.11
E 031 0.19 0.02 0.00 0.00 0.00 0.00 0.00 0.00
F 021 0.15 0.11 0.01 0.00 0.00 0.00
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~ = Yy 9 A o I AU A @
ATTNN A.11 Wa‘1J’i1J1mﬂ31msumluﬂlflwawymmﬁ (Glme’e)’iUlﬂ’e)@ﬂ"l“m) ANRNAY 1 615'3111\1

Vsnudwnugsua 2

Pnunnududuveadanios lasenlas(lu Tnsnsudegninaiuas)

o5
am
1 1.5 2 25 3 35 4 4.5 5 8 10 15 20

A 12.44 8.38 6.32 5.06 4.23
B 38.27 26.81 20.55 16.63 13.96 12.01 10.55 9.39 8.47
C 81.98 59.51 46.69 38.34 32.47 28.13 24.81 22.17 20.04 12.69 10.19
D 165.94 125.87 102.15 86.27 74.69 65.82 58.77 53.08 48.36 31.42 25.42 17.19 12.98
E 79.86 69.53 61.32 54.88 49.75 45.57 42.09 39.16 36.64
F 54.18 53.02 50.35 47.51 44.84 42.41 40.23

A a Y 9 a o o s A <
AT NN .12 waﬂ‘immmmmmmmmuawymmﬁ (Glfal‘i/\lﬂ'illﬂ’i]@ﬂvlc]fﬂ) ANURNAY 1 “H'JT&N

VINaMUHIIRT Ui 3

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)
1adios
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 3.90 1.73 0.98 0.63 0.45
B 8.77 5.90 4.45 3.56 2.97 2.55 223 1.99 1.79
c 23.25 16.00 12.16 9.79 8.19 7.04 6.17 5.49 495 3.10 248
D 60.98 44.06 3447 28.24 23.89 20.68 1822 1628 1471 9.30 7.46 5.00 3.76
E 71.50 53.59 2313 36.22 31.28 27.58 24.69 237 2046
F 95.31 76.26 63.87 55.15 48.65 43.61 39.58
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~ = Y A o e LA A <
ATTNNN 7.13 Waﬂﬁlﬂﬂlﬂ')’]iJ!sllﬂJsllusllﬂﬂaJaWH@']ﬂ']ﬁ (%mﬂm‘lﬂaﬂﬂ%ﬂ) ANUNAY 24 "]f'JIlN

VSNUAWHUNHT DA 1

Pnunnududuveadanios lasenlas(lu Tnsnsudegninaiuas)

o5
am
1 1.5 2 25 3 3.5 4 4.5 5 8 10 15 20

A 103.63 93.26 81.23 71.28 63.26
B 93.91 99.18 93.08 85.40 78.22 71.89 66.35 61.52 57.28
C 45.51 65.60 72.03 72.47 70.62 67.97 65.10 62.25 59.52 46.17 39.78
D 2.77 7.05 10.96 13.76 15.60 16.75 17.49 17.95 18.24 18.48 17.98 15.97 14.05
E 0.12 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F 0.08 0.06 0.04 0.00 0.00 0.00 0.00

A a Yy 9 a 9 o s A )
ATTINN n.14 waﬂ‘immmmgﬂmﬂlu%wawymmﬁ (%alﬂ@ﬁulﬂﬂﬂﬂhlcﬁﬂ) ANRNAY 24 °])"JT?J\1

TR TRRIRTES T )

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 4.97 335 253 2.03 1.69
B 1531 10.72 8.22 6.65 558 4381 422 3.76 339
c 32.79 23.80 18.68 1533 12.99 11.25 9.92 8.87 8.02 5.07 4.07
D 66.37 50.35 40.86 34.51 29.87 2633 2351 21.23 19.34 12.57 10.17 6.88 5.19
E 31.94 27.81 24.53 21.95 19.90 18.23 16.84 15.66 2931
F 21.67 21.21 20.14 19.00 17.94 16.96 16.09
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~ = Y A o I A A <
AN A.15 Waﬂﬁlﬂﬂlﬂ')’]iJ!sllﬂJsllusllﬂﬂaJaWH@']ﬂ']ﬁ (Gﬁalwaiqﬂ@@ﬂqmﬂ) ANUNAY 24 "]f'JIlN

TR RTRYRIRTESTR I

Winannududuvesdanles laven la(lulasniudegnnariuas)
-
[
2
1 15 2 25 3 35 4 45 5 8 10 15 20
A 156 0.69 039 0.25 0.18
B 3.51 236 178 143 1.19 1.02 0.89 0.79 0.71
c 9.30 6.40 4386 3.9 328 281 247 220 198 124 0.99
D 24.39 17.63 13.79 1130 9.55 8.27 7.29 6.51 5.88 372 2.99 2.00 150
E 28.60 21.44 17.25 14.49 1251 11.03 9.88 8.95 8.19
F 38.12 3051 2555 2206 19.46 17.45 15.83

d‘ = 9 9J a [ 4 J 1 d' = a
ANTNN A.16 wadSuaaNuANIUYRINAaNE N8 (%alﬂ@ihlﬂﬂﬁlﬂhlclfﬂ) awnae 1Y Usw

[ Yo A
ATLUNUINTUN 1

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)
1adios
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 20.73 18.65 1625 1426 12.65
B 18.78 19.84 18.62 17.08 15.64 14.38 13.27 12.30 11.46
c 9.10 13.12 14.41 14.49 14.12 1359 13.02 1245 11.90 9.23 7.96
D 0.55 141 219 2.75 312 335 3.50 3.59 3.65 3.70 3.60 3.19 281
E 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.02 0.01 0.01 0.00 0.00 0.00 0.00
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A = Y 9 a [ 4 4 1 A = a
A5 190N A.17 HadST A NUAINTUYDINANEDINA (“ﬁaLWflillﬂfJ@ﬂvl%ﬂ) Aunae 1Y Usnw

o 1 Yo d'
AN UINTUN 2

Winannududuvesdanles laven la(lulasniudegnnariuas)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.99 0.67 0.51 0.41 0.34
B 3.06 2.14 1.64 1.33 112 0.96 0.84 0.75 0.68
C 6.56 4.76 3.74 3.07 2.60 225 1.98 1.77 1.60 1.01 0.81
D 13.27 10.07 8.17 6.90 597 B.27 4.70 425 3.87 2.51 2.03 1.38 1.04
E 6.39 5.56 4.91 4.39 3.98 3.65 3.37 3.13 2.93
F 4.33 4.24 4.03 3.80 3.59 3.39 3.22

A ™~ Yy 9 a 9 o P A 2 a
ATTNN A.18 waﬂsmmmmmmﬂlumamawymmﬁ (%alﬂ@ihlﬂi’)ﬁ]ﬂulclfﬂ) AURNAY 1 ll UILIU

[ Yo A
AU UINTUN 3

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 031 0.14 0.08 0.05 0.04
B 0.70 0.47 0.36 0.29 0.24 0.20 0.18 0.16 0.14
c 1.86 1.28 0.97 0.78 0.66 0.56 0.49 0.4 0.40 025 0.20
D 4.88 353 276 226 1.91 1.65 1.46 1.30 118 0.74 0.60 0.40 030
E 572 429 345 2.90 250 221 1.98 1.79 1.64
F 7.62 6.10 511 441 3.89 3.49 317
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A = Yy 9 Aa A A <
AN N.19 WaﬂﬁﬂJ’]ﬂlﬂﬁTN!muﬂluﬂl@QNaWEfnfnﬁ (ll'l‘liﬂilﬁ]uulﬂﬂ@ﬂllcﬁﬂ) AURAY 1 "]f'JTlN

VSNUAWHUETDA 1

Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.17 0.47 0.77 0.99 1.10
B 0.08 0.25 0.51 0.79 1.03 1.20 1.31 1.37 1.40
C 0.04 0.10 0.22 0.39 0.61 0.83 1.04 1.22 1.36 1.71 1.68
D 0.02 0.03 0.05 0.08 0.12 0.18 0.26 0.35 0.45 1.02 127 1.49 1.49
E 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.02 0.01 0.01 0.00 0.00 0.00 0.00

A ~ y 9 a s A )
ATTNN 1.20 Wﬁﬂ‘ilﬂmﬂ?uﬂﬂllﬂlu%@ﬂmﬁ?ﬂ‘ﬂ’f]'lﬂ'lﬁ (hl‘lf!j@]i!ﬁ]uhlﬂ@@ﬂ]lc]fﬂ) ARNAY 1 °])"JI?J\1

Usnadmriadsun 2

Pnuaududuveslulaswulasenlua(luTnsnsudegmnariung)

1S
2w
1 15 2 25 3 35 4 45 5 8 10 15 20
A 023 0.16 0.12 0.10 0.08
B 0.49 0.42 035 030 025 022 0.20 0.18 0.16
c 057 0.69 0.67 0.61 0.54 049 0.4 0.40 037 0.24 0.19
D 025 058 0381 091 093 0.92 0.88 0.84 0.80 058 048 034 0.26
E 023 025 026 0.27 027 027 027 027 0.26
F 0.16 0.17 0.18 0.19 0.20 0.20 0.20
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A = Yy 9 Aa A A <
AT NN AN.21 WaﬂﬁﬂJ’]ﬂlﬂﬁTN!muﬂluﬂl@QNaWEfnfnﬁ (ll'l‘liﬂilﬁ]uulﬂﬂ@ﬂllcﬁﬂ) AURAY 1 "]f'JTlN

TR RTRYRIRTESTR I

Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.07 0.03 0.02 0.01 0.01
B 0.15 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03
C 0.33 0.26 0.20 0.17 0.14 0.12 0.11 0.10 0.09 0.06 0.04
D 0.42 0.50 0.47 0.43 0.38 0.34 0.31 0.28 0.25 0.17 0.13 0.09 0.07
E 0.52 0.47 0.42 0.38 0.35 0.32 0.30 0.28 0.26
F 0.50 0.50 0.48 0.46 0.44 0.42 0.40

A a y 9 a I A <
ATTNNN .22 waﬂsmmmmmeumamawymmﬁ (hl‘NI@]iﬁ]uhlﬂ'ﬁ]ﬂﬂul%ﬂ) ANUNAY 24 “lf'ﬂilﬂ

Vsnad g un 1

Pnuaududuveslulaswulasenlud(luTnsnsudegmnariung)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.07 0.19 0.31 0.39 0.44
B 0.03 0.10 021 032 041 048 052 055 0.56
c 0.02 0.04 0.09 0.16 024 033 0.41 0.49 055 0.68 0.67
D 0.01 0.01 0.02 0.03 0.05 0.07 0.10 0.14 0.18 041 051 0.60 0.59
E 001 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 001 0.01 0.00 0.00 0.00 0.00 0.00
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A = Y 9 a S A @
AT NN A.23 Wa‘lJ’immﬂjmLﬁllmlu‘llﬁlmawymmﬁ (lll‘liﬂﬁmullﬂﬂ@ﬂvlcﬁﬂ) ANURDY 24 615'3111\1

Usnadmriagiui 2

Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.09 0.06 0.05 0.04 0.03
B 0.19 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.06
C 0.23 0.28 0.27 0.24 0.22 0.20 0.18 0.16 0.15 0.10 0.08
D 0.10 0.23 0.32 0.36 0.37 0.37 0.35 0.34 0.32 0.23 0.19 0.13 0.10
E 0.09 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11
F 0.06 0.07 0.07 0.08 0.08 0.08 0.08

A a Y 9 A P A <
ATTINN .24 waﬂimmmmmmmmmmwymmﬁ (lIUIG]ﬁLﬁ]ullﬂﬁ]ﬂﬂ]’lclfﬂ) ANUNAY 24 “lf'JIiN

VINUMUHUITUN 3

Pnuaududuveslulaswulasenlud(luTnsnsudegmnariung)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.03 0.01 0.01 0.00 0.00
B 0.06 0.04 0.03 0.03 0.02 0.02 0.02 0.01 001
c 0.13 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.02 0.02
D 0.17 0.20 0.19 0.17 0.15 0.14 0.12 0.1 0.10 0.07 0.05 0.04 0.03
E 021 0.19 0.17 0.15 0.14 0.13 0.12 0.1 0.11
F 0.20 0.20 0.19 0.18 0.18 0.17 0.16
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{ a I { a
A1519% 1.25 waﬂ?mmﬂmuﬁ’l’wﬁ’ummuawymmﬁ ('luimmu'lﬂaaﬂ"lcm) aunge 11 usnw

o 1 Yo d‘
AU UINIUN 1

Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.01 0.04 0.06 0.08 0.09
B 0.01 0.02 0.04 0.06 0.08 0.10 0.10 0.11 0.11
C 0.00 0.01 0.02 0.03 0.05 0.07 0.08 0.10 0.11 0.14 0.13
D 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.03 0.04 0.08 0.10 0.12 0.12
E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 a 4 U $ a
A15199 A.26 HadSanNuTuTLYeIwatiye 1 (lulaseulasen lad) aunas 1 1 USHw

o Yo A
ANNUINTUN 2

Pnuaududuveslulaswulasenlud(luTnsnsudegmnariung)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.02 0.01 0.01 0.01 0.01
B 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.01 001
c 0.05 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.02 0.02
D 0.02 0.05 0.06 0.07 0.07 0.07 0.07 0.07 0.06 0.05 0.04 0.03 0.02
E 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
F 001 0.01 0.01 0.02 0.02 0.02 0.02
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{ a I { a
A15190N 1.27 waﬂ?mmﬂmuﬁ’l’wﬁ’ummuawymmﬁ ('luimmu'lﬂaaﬂ"lcm) aunge 11 usnw

o 1 Yo d‘
AU UINIUN 3

Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.01 0.00 0.00 0.00 0.00
B 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00
C 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00
D 0.03 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01
E 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02
F 0.04 0.04 0.04 0.04 0.04 0.03 0.03

{ a a Y 4 1 { @
A13199 7.28 wadSuaauuIuveanative1nd (lalaswudalid) aunae 1 ¥21uq

VSNUAWHUHTUAN 1

Pnunnududuvedlalasoudalid(luTasnsudegninadiuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 4160 2773 2080 1664 1387
B 8460 5640 4230 3384 2820 2417 2115 1880 1692
c 18780 12520 9390 7512 6260 5366 4695 4173 3756 2347 1878
D 46940 31290 23470 18770 15650 13410 11730 10430 9387 5867 4694 3129 2347
E 85310 56870 42650 34120 28440 24370 21330 18960 17060
F 190800 127200 95380 76310 63590 54500 47690
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{ a A o 2 { @
ﬂ’]i’]\i“ﬁ .29 Waﬂ53J’]ﬂ!ﬂ']’]3J!5ﬁ}3J5ﬁIuéUﬂ\11JaWH@']ﬂ']ﬁ (llaiﬂﬁlfﬂucﬁaulwﬂ)ﬂ']!ﬂaﬂ 1 G]f'JIlN

Vsnudwnugsua 2

Binuamduduveslalasinudalid(luTasnsudegnmnaring)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 923 615 461 369 308
B 2400 1600 1200 960 800 686 600 533 480
C 5599 3733 2799 2240 1866 1600 1400 1244 1120 700 560
D 14820 9881 7411 5929 4940 4235 3705 3294 2964 1853 1482 988 741
E 28110 18740 14060 11240 9370 8032 7028 6247 5622
F 64060 42700 32030 25620 21350 18300 16010

{ a a Y 4 1 { @
A13199 7.30 wadSuaauvuIuveananive1nd (lalaswudalid) aunae 1 ¥21uq

VINaMUHIIRT Ui 3

Wnammudadiuveslalasioudalildulasnsusegnnatiuns)

=
o3
MN
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 122 54 31 20 15
B 296 197 148 118 99 85 74 66 59
C 823 549 412 329 274 235 206 183 165 103 82
D 2531 1688 1266 1013 844 723 633 563 506 316 253 169 127
E 5039 3359 2520 2016 1680 1440 1260 1120 1008
F 11720 7815 5861 4689 3908 3349 2931
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ﬂ’]i’]\‘]“ﬁ .31 Waﬂ’immﬂﬁmﬁ’llwﬁjuﬂlmuaW‘Hmmﬁ (131@3!;%1!%’@1”17‘]@) ﬂ’llﬂaﬂ 24 GD"JINQ

VSNUAWHUNHT DA 1

Binuamduduveslalasinudalid(luTasnsudegnmnaring)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 1664 1109 832 666 555
B 3384 2256 1692 1354 1128 967 846 752 677
C 7512 5008 3756 3005 2504 2146 1878 1669 1502 939
D 18776 12516 9388 7508 6260 5364 4692 4172 3755 2347 1878 1252 939
E 34124 22748 17060 13648 11376 9748 8532 7584 6824
F 76320 50880 38152 30524 25436 21800 19076

{ a A o S : <
9’]’]3’]\11‘7] .32 Waﬂsm']ﬂlﬂ’l']iJ!Gﬁ}ﬂJsﬂ}uéUﬂ\nJﬁWB@']ﬂTﬁ (Ulﬂiﬂﬁmucﬁau],V‘Iﬂ) ﬂﬁllﬂaﬁl 24 GI)"JTJJQ

Vsnudwnugsua 2

mnuanududuveslalasnudalis(luTnsnsudegmnadiunas)

"

oS

M
1 1.5 2 2.5 3 3.5 4 4.5 5 8 10 15 20

A 369 246 185 148 123
B 960 640 480 384 320 274 240 213 192
C 2240 1493 1120 896 746 640 560 498 448 280 224
D 5928 3952 2964 2372 1976 1694 1482 1318 1186 741 593 395 296
E 11244 7496 5624 4496 3748 3213 2811 2499 2249
F 25624 17080 12812 10248 8540 7320 6404
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Vsnudwmugsua 3

Binuamduduveslalasinudalid(luTasnsudegnmnaring)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 49 22 12 8 6
B 118 79 59 47 39 34 30 26 24
C 329 220 165 132 110 94 82 73 66 41 33
D 1012 675 506 405 338 289 253 225 203 127 101 68 51
E 2016 1344 1008 806 672 576 504 448 403
F 4688 3126 2344 1876 1563 1340 1172

{ =Y a [} J 1 $ a
15199 a.34 wadSunaanuauduvesnaniivoimea (lalasnudga vd) aunde 13 USHw

[ Yo A
ATLUNUINTUN 1

Pnunnududuvedlalasoudalid(luTasnsudegninadiuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 333 222 166 133 111
B 677 451 338 271 226 193 169 150 135
c 1502 1002 751 601 501 429 376 334 300 188 150
D 3755 2503 1878 1502 1252 1073 938 834 751 469 376 250 188
E 6825 4550 3412 2730 2275 1950 1706 1517 1365
F 15264 10176 7630 6105 5087 4360 3815
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A5 90N A.35 me'iaJ1mm1m%’wffumamawymmﬁ ('laimmucm"lwﬂ) aunae 11 USw

o 1 Yo d‘
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Binuamduduveslalasinudalid(luTasnsudegnmnaring)

=
(31
2N
1 15 2 2.5 3 35 4 4.5 5 8 10 15 20
A 74 49 37 30 25
B 192 128 96 77 64 55 48 43 38
C 448 299 224 179 149 128 112 100 90 56 45
D 1186 790 593 474 395 339 296 264 237 148 119 79 59
E 2249 1499 1125 899 750 643 562 500 450
F 5125 3416 2562 2050 1708 1464 1281

§ =Y a Y 4 U { a
A13199 .36 Ml NuTuTHYeaNantive1md (lalasudald) Aunde 13 UsHw

[ Yo A
AU UINTUN 3

Pnunnududuvedlalasoudalid(luTasnsudegninadiuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 10 4 2 2 1
B 24 16 12 9 8 7 6 5 5
c 66 44 33 26 2 19 16 15 13 8 7
D 202 135 101 81 68 58 51 45 41 25 20 14 10
E 403 269 202 161 134 115 101 90 81
F 938 625 469 375 313 268 234
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d‘ = 9 9 a 1 1 d' @ a
A1519% .1 walSuraanuanTuvoINanyo1N1A (FJHﬁ%E)’E)Q)ﬂ']LﬂﬁfJ 1 %2 Tu9 US 1w

o 1 Yo d'
AU UINIUN 1

Puanutuduvesiuazess (lulninfudegmnediuag)

=
1anus
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 30.04 23.29 18.82 15.74 13.50
B 37.98 30.54 2541 21.68 18.86 16.67 14.93 13.51 12.34
C 46.70 36.37 30.56 26.50 2341 20.97 18.98 17.34 15.95 10.76 8.84
D 66.44 45.06 34.61 28.41 24.25 21.23 18.94 17.11 15.64 10.36 8.49 5.86 4.48
E 87.05 57.88 43.41 34.73 28.94 24.81 21.71 19.29 17.37
F 132.00 87.73 65.78 52.62 43.85 37.59 32.89

d' = 9J 9J a 1 1 d‘ < a o [}
15190 7.2 YSnaanuuduyeananye1n e (vJuasem) ANRDY 1 F2 TUY UTUA WK

Yo A
HSUN 2

Pnuanuduiuvesiuazess (lulasnsudegmnains)
[LGlH
Mw
1 1.5 2 2.5 3 3.5 4 4.5 5 8 10 15 20
A 8.20 7.78 7.44 6.72 6.00
B 3.62 4.75 6.74 8.42 9.46 9.94 10.05 9.92 9.66
C 6.47 517 5.39 6.53 8.07 9.63 10.99 12.04 12.79 13.40 12.39
D 14.27 10.37 8.26 7.18 6.72 6.73 7.09 7.71 8.51 13.64 15.59 16.30 14.90
E 14.56 11.06 9.15 7.94 7.10 6.49 6.01 5.64 534
F 22.19 15.99 12.76 10.75 9.37 835
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d‘ = 9 9 a 1 1 d' @ a
A1519% 7.3 walSuraanuInTuveINanyo1N1A (FJHﬁ%E)’E)Q)ﬂ']LﬂﬁfJ 1 %2 Tu9 US 1w

o 1 Yo d'
AU UINIUN 3

Punanutuduvesiuazess (lulninfudegmnefiuag)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 6.76 3.06 1.73 112 0.82
B 5.31 5.46 5.35 4.90 441 3.97 3.59 3.26 2.98
C 3.10 4.81 6.51 7.45 7.77 7.72 7.48 7.16 6.80 4.95 4.11
D 5.02 4.02 4.10 4.90 6.02 K.l 8.19 8.99 9.58 10.14 9.41 7.42 5.96
E 11.02 9.45 8.65 8.14 7.78 7.49 7.26 7.05 6.87
F 14.42 11.35 9.72 8.73 8.05 7.57 7.20

d' = 9 £ a 1 1 d‘ < a
A1519% 7.4 MadSuua NN UV INAN YD 1N A (duazam)mmaﬂ 24 ¥ 19 USIW

[ Yo A
ATLUNUINTUN 1

\ o .
Psuammutuduvesiuazess (lulnsniudegmnefiuag)

[LGlH
Mw
1 1.5 2 2.5 3 3.5 4 4.5 5 8 10 15 20
A 12.02 9.31 7.53 6.30 5.40
B 15.19 12.21 10.17 8.67 7.54 6.67 597 5.41 4.93
C 18.68 14.55 12.23 10.60 9.37 8.39 7.59 6.93 6.38 4.30 3.53
D 26.57 18.02 13.84 11.36 9.70 8.49 7.58 6.85 6.25 4.15 3.40 2.34 1.79
E 34.82 23.15 17.36 13.89 11.58 9.92 8.68 7.72 6.95
F 52.80 35.09 26.31 21.05 17.54 15.04 13.16
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d' = 9 9 a 1 1 d‘ < a
A1519% 7.5 madSTuua NN IUYINAN YD 1N A (duazam)mmaﬂ 24 ¥ 19 UTIW

o 1 Yo d'
AN UINTUN 2

Punanutuduvesiuazess (lulninfudegmnefiuag)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 3.28 3.11 2.98 2.69 2.40
B 1.45 1.90 2.70 3.37 3.78 3.98 4.02 3.97 3.86
C 2.59 2.07 2.16 2.61 3.23 3.85 4.39 4.82 5.12 5.36 4.95
D 571 4.15 3.30 2.87 2.69 2.69 2.83 3.08 3.41 5.46 6.23 6.52 5.96
E 5.82 4.42 3.66 3.18 2.84 2.59 2.41 2.26 2.14
F 8.88 6.40 5.10 4.30 3.75 3.34 0.00

d' =Y Y 9 a 1 1 d‘ < a
A1TNN A.6 HaUSuIaAN I NYUYRINaN Yo 1IN 1A (PJU@ZE]'O\‘I)?]HQ'Q?J 24 "]f’JIiN VILIY

[ Yo A
AU UINTUN 3

Pnuanutuduvesiuazess (lulnsnfudegmnaiung)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 271 1.22 0.69 045 033
B 2.12 218 2.14 1.96 1.77 1.59 1.44 1.30 1.19
c 124 1.92 2.60 2.98 311 3.09 2.99 2.86 272 1.98 1.65
D 201 1.61 1.64 1.96 241 2.87 328 3.60 3.83 4.06 3.77 297 238
E 4.41 378 3.46 326 311 3.00 2.90 2.82
F 577 4.54 3.89 3.49 322 3.03 2.88
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~ Y v A ' ' a 8 a o ' Yo
ATTINN 1.7 Walﬁu1ﬂ!ﬂ31ulﬂluﬂluﬂ]@quaWH@’]ﬂ’]ﬁ (VJH@%@@Q) ANUNAY 1 ﬂ Uﬁl’)mﬁ’]!iﬁ‘l‘!\iﬁﬁﬂ

.
Nl
Punanutuduvesiuazess (lulninfudegmnefiuag)
-
[
2
1 15 2 25 3 35 4 45 5 8 10 15 20
A 240 1.86 1.51 126 1.08
B 3.04 2.44 2.03 173 151 133 119 1.08 0.99
c 3.74 291 245 212 1.87 168 152 139 128 0.86 0.71
D 531 3.60 277 227 1.94 1.70 152 137 1.25 0.83 0.68 047 036
E 6.96 463 347 278 232 1.98 174 154 139
F 10.56 7.02 5.26 421 3.51 3.01 2.63

A
AT NN A.8

9y 9 a N 1 A = 2 o 1 Yo
waﬂ?mmﬂammmumamawymmﬁ (FJ‘L!ﬁZEJEN) ARNAY 1 “]J UINUANUNUINTY

|
N2
Pnuanutuduvesiuazess (lulnsnfudegmnaiung)
1adios
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.66 0.62 0.60 0.54 0.48
B 0.29 0.3 0.54 0.67 0.76 0.80 0.80 0.79 0.77
c 0.52 041 0.43 0.52 0.65 0.77 0.88 0.96 1.02 1.07 0.99
D 114 0.83 0.66 0.57 0.54 0.54 0.57 0.62 0.68 1.09 125 1.30 119
E 116 0.88 0.73 0.64 0.57 0.52 0.48 0.45 043
F 178 1.28 1.02 0.86 0.75 0.67 0.00
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Yo

= 9y 9 a " J A = a o 1 ~
A9 1.9 UTUANUVNIUVBINANEDINA (PJL!EWEJ’EN) Amay 11 UIIUAHUINTUN

Punanutuduvesiuazess (lulninfudegmnefiuag)
-
[
2
1 15 2 25 3 35 4 45 5 8 10 15 20
A 0.54 0.24 0.14 0.09 0.07
B 042 0.44 043 0.39 0.3s 0.32 0.29 0.26 0.24
c 025 038 0.52 0.60 0.62 0.62 0.60 0.57 0.54 0.40 0.33
D 0.40 032 033 039 0.48 0.57 0.66 0.72 0.77 0.81 0.7 0.59 0.48
E 0.88 0.76 0.69 0.65 0.62 0.60 0.58 0.56 0.55
F 115 091 078 0.70 0.64 0.61 0.58

A a Y 9 a o o s A <
AT NN A.10 waﬂ‘immmmmmmmmuawymmﬁ (Glfal‘i/\lﬂ'illﬂ’i]@ﬂvlc]fﬂ) ANURNAY 1 “H'JT&N

VSNUAWHUHTUAN 1

Pmannududuvesdanies lasenlu(luTasniudegnuiriuas)
1adigs
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 25007 | 23315 | 203.08 17820 | 158.15
B 234.78 247.95 232.70 213.50 195.55 179.71 165.89 153.80 143.20
c 1377 | 16401 180.08 | 18118 | 17654 | 169.92 | 16275 | 15563 | 14880 | 11542 99.45
D 6.93 17.61 27.40 34.40 38.99 41.88 4372 44.87 4559 46.19 44.95 39.91 35.11
E 031 0.19 0.02 0.00 0.00 0.00 0.00 0.00 0.00
F 021 0.15 0.11 0.01 0.00 0.00 0.00
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~ = Yy 9 A o I AU A @
ATTNN A.11 Wa‘1J’i1J1mﬂ31msumluﬂlflwawymmﬁ (Glme’e)’iUlﬂ’e)@ﬂ"l“m) ANRNAY 1 615'3111\1

Vsnudwnugsua 2

Pnunnududuveadanios lasenlas(lu Tnsnsudegninaiuas)

o5
am
1 1.5 2 25 3 35 4 4.5 5 8 10 15 20

A 12.44 8.38 6.32 5.06 4.23
B 38.27 26.81 20.55 16.63 13.96 12.01 10.55 9.39 8.47
C 81.98 59.51 46.69 38.34 32.47 28.13 24.81 22.17 20.04 12.69 10.19
D 165.94 125.87 102.15 86.27 74.69 65.82 58.77 53.08 48.36 31.42 25.42 17.19 12.98
E 79.86 69.53 61.32 54.88 49.75 45.57 42.09 39.16 36.64
F 54.18 53.02 50.35 47.51 44.84 42.41 40.23

A a Y 9 a o o s A <
AT NN .12 waﬂ‘immmmmmmmmuawymmﬁ (Glfal‘i/\lﬂ'illﬂ’i]@ﬂvlc]fﬂ) ANURNAY 1 “H'JT&N

VINaMUHIIRT Ui 3

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)
1adios
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 3.90 1.73 0.98 0.63 0.45
B 8.77 5.90 4.45 3.56 2.97 2.55 223 1.99 1.79
c 23.25 16.00 12.16 9.79 8.19 7.04 6.17 5.49 495 3.10 248
D 60.98 44.06 3447 28.24 23.89 20.68 1822 1628 1471 9.30 7.46 5.00 3.76
E 71.50 53.59 2313 36.22 31.28 27.58 24.69 237 2046
F 95.31 76.26 63.87 55.15 48.65 43.61 39.58
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~ = Y A o e LA A <
ATTNNN 7.13 Waﬂﬁlﬂﬂlﬂ')’]iJ!sllﬂJsllusllﬂﬂaJaWH@']ﬂ']ﬁ (%mﬂm‘lﬂaﬂﬂ%ﬂ) ANUNAY 24 "]f'JIlN

VSNUAWHUNHT DA 1

Pnunnududuveadanios lasenlas(lu Tnsnsudegninaiuas)

o5
am
1 1.5 2 25 3 3.5 4 4.5 5 8 10 15 20

A 103.63 93.26 81.23 71.28 63.26
B 93.91 99.18 93.08 85.40 78.22 71.89 66.35 61.52 57.28
C 45.51 65.60 72.03 72.47 70.62 67.97 65.10 62.25 59.52 46.17 39.78
D 2.77 7.05 10.96 13.76 15.60 16.75 17.49 17.95 18.24 18.48 17.98 15.97 14.05
E 0.12 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F 0.08 0.06 0.04 0.00 0.00 0.00 0.00

A a Yy 9 a 9 o s A )
ATTINN n.14 waﬂ‘immmmgﬂmﬂlu%wawymmﬁ (%alﬂ@ﬁulﬂﬂﬂﬂhlcﬁﬂ) ANRNAY 24 °])"JT?J\1

TR TRRIRTES T )

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 4.97 335 253 2.03 1.69
B 1531 10.72 8.22 6.65 558 4381 422 3.76 339
c 32.79 23.80 18.68 1533 12.99 11.25 9.92 8.87 8.02 5.07 4.07
D 66.37 50.35 40.86 34.51 29.87 2633 2351 21.23 19.34 12.57 10.17 6.88 5.19
E 31.94 27.81 24.53 21.95 19.90 18.23 16.84 15.66 2931
F 21.67 21.21 20.14 19.00 17.94 16.96 16.09
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AN A.15 Waﬂﬁlﬂﬂlﬂ')’]iJ!sllﬂJsllusllﬂﬂaJaWH@']ﬂ']ﬁ (Gﬁalwaiqﬂ@@ﬂqmﬂ) ANUNAY 24 "]f'JIlN

TR RTRYRIRTESTR I

Winannududuvesdanles laven la(lulasniudegnnariuas)
-
[
2
1 15 2 25 3 35 4 45 5 8 10 15 20
A 156 0.69 039 0.25 0.18
B 3.51 236 178 143 1.19 1.02 0.89 0.79 0.71
c 9.30 6.40 4386 3.9 328 281 247 220 198 124 0.99
D 24.39 17.63 13.79 1130 9.55 8.27 7.29 6.51 5.88 372 2.99 2.00 150
E 28.60 21.44 17.25 14.49 1251 11.03 9.88 8.95 8.19
F 38.12 3051 2555 2206 19.46 17.45 15.83

d‘ = 9 9J a [ 4 J 1 d' = a
ANTNN A.16 wadSuaaNuANIUYRINAaNE N8 (%alﬂ@ihlﬂﬂﬁlﬂhlclfﬂ) awnae 1Y Usw

[ Yo A
ATLUNUINTUN 1

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)
1adios
am
1 15 2 25 3 35 4 45 5 8 10 15 20
A 20.73 18.65 1625 1426 12.65
B 18.78 19.84 18.62 17.08 15.64 14.38 13.27 12.30 11.46
c 9.10 13.12 14.41 14.49 14.12 1359 13.02 1245 11.90 9.23 7.96
D 0.55 141 219 2.75 312 335 3.50 3.59 3.65 3.70 3.60 3.19 281
E 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.02 0.01 0.01 0.00 0.00 0.00 0.00
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A = Y 9 a [ 4 4 1 A = a
A5 190N A.17 HadST A NUAINTUYDINANEDINA (“ﬁaLWflillﬂfJ@ﬂvl%ﬂ) Aunae 1Y Usnw

o 1 Yo d'
AN UINTUN 2

Winannududuvesdanles laven la(lulasniudegnnariuas)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.99 0.67 0.51 0.41 0.34
B 3.06 2.14 1.64 1.33 112 0.96 0.84 0.75 0.68
C 6.56 4.76 3.74 3.07 2.60 225 1.98 1.77 1.60 1.01 0.81
D 13.27 10.07 8.17 6.90 597 B.27 4.70 425 3.87 2.51 2.03 1.38 1.04
E 6.39 5.56 4.91 4.39 3.98 3.65 3.37 3.13 2.93
F 4.33 4.24 4.03 3.80 3.59 3.39 3.22

A ™~ Yy 9 a 9 o P A 2 a
ATTNN A.18 waﬂsmmmmmmﬂlumamawymmﬁ (%alﬂ@ihlﬂi’)ﬁ]ﬂulclfﬂ) AURNAY 1 ll UILIU

[ Yo A
AU UINTUN 3

Pnuanududuvesdanles lasenlxa(luTnsnsudegnindriuns)

1S
,Mm
1 15 2 25 3 35 4 45 5 8 10 15 20
A 031 0.14 0.08 0.05 0.04
B 0.70 0.47 0.36 0.29 0.24 0.20 0.18 0.16 0.14
c 1.86 1.28 0.97 0.78 0.66 0.56 0.49 0.4 0.40 025 0.20
D 4.88 353 276 226 1.91 1.65 1.46 1.30 118 0.74 0.60 0.40 030
E 572 429 345 2.90 250 221 1.98 1.79 1.64
F 7.62 6.10 511 441 3.89 3.49 317
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AN N.19 WaﬂﬁﬂJ’]ﬂlﬂﬁTN!muﬂluﬂl@QNaWEfnfnﬁ (ll'l‘liﬂilﬁ]uulﬂﬂ@ﬂllcﬁﬂ) AURAY 1 "]f'JTlN

VSNUAWHUETDA 1

Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.17 0.47 0.77 0.99 1.10
B 0.08 0.25 0.51 0.79 1.03 1.20 1.31 1.37 1.40
C 0.04 0.10 0.22 0.39 0.61 0.83 1.04 1.22 1.36 1.71 1.68
D 0.02 0.03 0.05 0.08 0.12 0.18 0.26 0.35 0.45 1.02 127 1.49 1.49
E 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.02 0.01 0.01 0.00 0.00 0.00 0.00

A ~ y 9 a s A )
ATTNN 1.20 Wﬁﬂ‘ilﬂmﬂ?uﬂﬂllﬂlu%@ﬂmﬁ?ﬂ‘ﬂ’f]'lﬂ'lﬁ (hl‘lf!j@]i!ﬁ]uhlﬂ@@ﬂ]lc]fﬂ) ARNAY 1 °])"JI?J\1

Usnadmriadsun 2

Pnuaududuveslulaswulasenlua(luTnsnsudegmnariung)

1S
2w
1 15 2 25 3 35 4 45 5 8 10 15 20
A 023 0.16 0.12 0.10 0.08
B 0.49 0.42 035 030 025 022 0.20 0.18 0.16
c 057 0.69 0.67 0.61 0.54 049 0.4 0.40 037 0.24 0.19
D 025 058 0381 091 093 0.92 0.88 0.84 0.80 058 048 034 0.26
E 023 025 026 0.27 027 027 027 027 0.26
F 0.16 0.17 0.18 0.19 0.20 0.20 0.20
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AT NN AN.21 WaﬂﬁﬂJ’]ﬂlﬂﬁTN!muﬂluﬂl@QNaWEfnfnﬁ (ll'l‘liﬂilﬁ]uulﬂﬂ@ﬂllcﬁﬂ) AURAY 1 "]f'JTlN
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Pnuanududuvedlulasioulasenlua(luTnsnsudegnuinrimns)

=
(31
2N
1 1.5 2 2.5 3 35 4 4.5 5 8 10 15 20
A 0.07 0.03 0.02 0.01 0.01
B 0.15 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03
C 0.33 0.26 0.20 0.17 0.14 0.12 0.11 0.10 0.09 0.06 0.04
D 0.42 0.50 0.47 0.43 0.38 0.34 0.31 0.28 0.25 0.17 0.13 0.09 0.07
E 0.52 0.47 0.42 0.38 0.35 0.32 0.30 0.28 0.26
F 0.50 0.50 0.48 0.46 0.44 0.42 0.40

A a y 9 a I A <
ATTNNN .22 waﬂsmmmmmeumamawymmﬁ (hl‘NI@]iﬁ]uhlﬂ'ﬁ]ﬂﬂul%ﬂ) ANUNAY 24 “lf'ﬂilﬂ
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Pnuaududuveslulaswulasenlud(luTnsnsudegmnariung)
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Air Quality Model as a Management Tool: Case Study
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Abstract

Small and medium-scaled factories in Thailand have occasionally been causing health or nuisance effects
© the surrounded communities. This paper presents a pro-active approach which used a freeware and a
regulatory air quality model - SCREEN3 and AERMOD, respectively -~ as tools for air quality
management of a small starch factory in Nakhon Ratchasima, Thailand Management options were
conceived based on clean technology (CT) principles; and subsequently evaluated using the models'
prediction of pollution reduction achieved. R‘e;ults showed that, at present, the 24-hr averaged TSP level
were higher than 50 g /nv’ for the majority of the factory area, and between 8-50 pg/m? for the area within
approximately 500 m. radius. The clean technology options considered were (1) reduction of dust from
the raw material yard by spraying water, (2) reduction of stack emissions by process change, and (3)both
options employed. The model showed that the combination of CT options could potentially reduce 65%
of the ground-level concentration at the receptor. Such findings illustrakes the potential of this approach
1 assist in the decision-nieking process of the factory

Keywords A Qualuy Model; Clean Techmology; AERMOI, A Quality Management

L Introdaction

Air quality munagement of industrial factories in Thailand usually emphasizes on end-of-
the-pipe control with control devices and mandatory monitoning of stack emission and ambient
air quality. These measures can be considered as passive approaches which aim only to
maintain pollutant levels below given standards and to detect abnormal opemting condition,
This is especially true for small- and medium-scaled factories, which are sources of various air
pollution emissions. Commonly, they are not as well equipped with pollution control systems
or devices as large-scaled enterprises. The personnel in charge of environmental issues often
lack basic knowledge and tools for air quality management, In addition, government officials
are limited - both in numbers and in resources needed for monitoring and enforcing regulation
compliance. As a result, air pollution from such factories have been causing environmental
degradation as well as health and nuisance effects in communities around the ir locations.

On the other hand, the active approach of air quality management of factories can be

* Comesponding author Tel: +6681-725-30M0 ; Fax; +6644-224-606
E-mail address: sudfi@su.ac. o
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adopted. The principle of clean technology has been well-received and proved effective for
reducing pollution from the raw materials and production processes sides mstead of the
emission side. Furthermore, in order to assess the clean technology options, air quality models
are needed as tools to provide the end results for each alternative. The most recognized model
for air quality impact assessment is the US.EPA’s SCREEN3 and AERMOD models.

This paper presents a pro-active air quality management approach developed for small- and
medium-scaled industries. The case studied used a screening level model (SCREEN3) and the
regulatory air quality model (AERMOD) to assess clean technology options and identify
appropriate management for a medium-size tapioca starch factory in Nakhon Ratchasima,
Thailand,

2, Methodology

The steps of the study are as follow; (1) factory selection and data collection, (2) mode! input
data preparation, and (3) assessment of air quality.

2 1. Factory selection and data collection

A 500-ton-per-day tapioca starch factory located about 15 km. fom the city on the national
highway number 304 in Muang district, Nakbon Ratchasima, was selected as a case study. It
has an area of 56.8 hectare and approximately 200 employee. Despite the apparent large
production capacity and number of workers, it is considered a medium-size factory by the
province’s standard. Many reasons contributed to the selection of this factory. It has diverse air
pollution sources ~ stacks, land areas, and wastewater treatment ponds. There is no other
industrial source in the area, which means the industrial-specific air pollution can be attributed
mainly to the factory. In additon, the management of the factory was cooperative and willing
to improve the environmental practice of their enterprise.

Emission source data were collected and summarized in Table 1 and 2, There were 7 point
sources ~ 3 stacks from boilers, 2 stacks from hot air ovens, and 2 stacks from power generators
—and 1 area source, a 17,034 m? raw material yard. The stack diameters and heights ranges
from 0.2-1.0 m.end 7-15 m., respectively.

Emission values and other relevant input data used wer¢ a combination of pnmary and
secondary data. The physical data of stacks and the gas velocity and temperature values were
collected during this study, Due to the lack of recent stack emission test data, the emission
factors wsed Br stack 1-5 and thematerial yard were obtained from the U.S.EPA database,
AP42: Compilation of Air Pollutant Emission Factors — Chapter 9: Food and Agricultural
Industries [1]and a study on air emission from a similar process [2]. The generator emission of
stack 6 and 7 used the factors obtained from a report on comparable engine type [3].

In addition to the source data, the production process was also studied by interviewing the
factory manager and walking through the process lines and other relevant areas. The
information was essential for developing clean teclnology options later on in the study. The
past and present environmental problems were discussed, including wvulnerable areas which
may have been effected by the factory’s emissions, From this process, a receptor point was
selected for this study ~ a community approximately 1.35 km. from the factory. Figure 2 shows
the location of each emission source and the location of the selected receptor.
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Table 1. Point source data

Emission Source Emission ~ StackInside  Stack Gas Gas Exit

Rate Diameter  Height  Exit  Temperature

(2/5) (m.) (m.)  Velocity (°K)
(g/s)
Stack 1 (Boiler) 0.02 0.60 11 10.0 463.15
Stack 2 (Boiler) 0.02 0.78 12 10.0 463.15
Stack 3 (Boiler) 0.03 0.65 12 10.0 463.15
Stack 4 (Hot AirOven)  0.43 1.00 15 250 463.15
Stack 5 (Hot AirOven)  0.43 1.00 15 25.0 463.15
Stack 6 (Generator) 0.05 0.20 i 26.5 454.15
Stack 7 (Generator) 0.05 0.20 7 26,5 454,15

Table 2. Area source data

Emission Source  Emission Rate (¢/s-m”)  Area (i)

Material Yard

924 x107 17,043.7

Fig. 1. Location of the selecied receptor (a) and the emission sources (b) for the study.

2.2, Model input data preparation

For the AERMOD model, meteorological and terrain data fr the location were collected
and processed in 2 sub-models: AERMET and AERMAP, respectively, prior to the analyses.
For AERMET, the surface meteorological data of the year 2012 were obtained from Nakhon
Ratchasima Meteorological Station. Hourly data of wind direction, wind speed, temperature,
ceiling height, and cloud cover of 365 days were arranged into SCRAM format. For the upper
air meteorological data, since there were no measurement in Nakhon Ratchasima, the data were
obtained from Ubon Ratchatanee Station which is considered the most representative location,
The input data for the model include daily data of temperature, wind direction, and wind speed
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at various heights above the ground. They were arranged into FSL format. The terrain data ~
Digital Elevation Model, or DEM — for AERMAP were from NASA 's SRTM30 (Shuttle R adar
Topography Mission) data set [4].

Location and dimension of all buildings within the property were included in the calculation
to account for their effect to pollutant dispersion. Figure 2 illustrates the buildings, stacks, and
area sources as shown in AERMOD and overlaid on Google Earth map after the input process.

GBI &-\‘I\'

Fig 2. Buildings, stacks, and area sources as shown in AERMOD,

2.3. Assessment of air quality

The SCREENZ and AERMOD models were used to predict air quality condition. The
meteorological conditions used in SCREENY were all stability classes — A to F - and a set of
recommended wind speed values ranging from 1 to 20 m/s, For AERMOD, the study area was
defined by a 3 x 3 km. gridsystem, vath the center at the UTM coordinate 102°04'04.0"E and
14°53'48 5"N. .

There were 3 clean techmology options considered for the reduction of dust emission. The
first option was water spraying on the raw material yards to increase the moisture and reduce
the re-suspension of dust, It was assumed that this practice would cut the aenal dust ermssion
mteto 50% ofthe existing value. The second option was to recircul ate the emission from stack
1,2, 3,6, and 7 back to exchange the heat with the hot air ovens and pass through an efficient
control device. In this case, the dust emissions from these stacks were assumed to be eliminated.
Finally, the third option was to use both option 1 and 2 together,

3. Results and Discussion
3.1. Present air quality condition

Table 3 shows the dust concentration at the receptor, using recommended meteorological
conditions with SCREEN3 model [5]. Since the model’s only time averaged predictions was
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I-hr averaged, the predicted dust levels were converted to 24-hr averaged wsing the
recommended factor of 0.4, The resulting values ranged from 022 to 6,94 pg/m’, They varied
inversely with the wind speed At a specific wind speed value, the levels increased from
stability A to F.

For the purpose of comparison, the area’s average wind speed 1.5 m/s and stability class D
were selected as a representative value at the receptor for SCREEN3, The concentration at this
condition was 3.48 pg/nr’. On the other hand, the prediction of concentration obtained from
AERMOD at the receptor was 1.38 pg/nr’. Hence, the predictions from the two models were
considerably closed. However, when these values were compared to the actual 2-day
measurement of dust using the gravimetric method, the difference was quite substantial, The
measured 24-hr PM10 concentration values were 16,36 and 19.30 pg/m*, and the average value
was 17.83 pg/m’. Assuming the PM10-to-TSP ratio of 0.495 [6], the corresponding TSP values
was 36.02 pg/m’, It can be seen that both models® predicted values were much lower than the
measured level at the receptor, The reason may be that other sources also contributed
significantly to the dust level at the receptor, e.g. traffic dust and agricultural activities of nearby
land. In other words, there were a certain level of background dust level. It should be noted also
that all values were far lower than the ambient TSP standard of 330 yg/m’.

Table 3. Dust concentration at the receptor from SCREEN3 model, using recommended
meteorological conditions.

Dust (h@?:tndm At Receptor (ppfar’)

Stability
Clms &\ggﬂ 10 m. Height (mv's)
T L5 22 2579 JTAR°4 A5% 5 ou® 10 15 20

A 187 084 047 0N 0m

B 200 185 168 W44 1) 102 000 o910 - - - -
C 236 29 (245 264284 299 24 2B 195 L% 112

D g 34 32 ans 325332 338 339 338 2% 2@ 19T 187
3 SST 454 3950355 A1 301 28 266 219

F

6% 86 4% 4317391 34 338

Figure 3 shows the isopleths of ground-level concentration values at present condition
produced by AERMOD, The area with significant impacts from the source emissions were
within a proximity of a fw hundred meters, The maximum concentration values was 105,53
pg/m?, found near the material yard, The most of the factory area were within the 50 pg/m’
isopleth, which mean the average dust level is at that level or higher. The surrounding area
within approximately 500 m. radius had values between 8-30 pg/m’. On the right of the picture,
the highway no.304 could be seen effected by the dust emission, The highest dust level was in
the range of 80-100 pg/m’, causing visibility reduction and nuisance o the commuters.
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Fig. 3. The isopleths of ground-level concentration at present condition: (a) surrounding

area, ncluding the receptor and (b) factory area,
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3.2. Compartson among clean te chnology options

Based on AERMOD, concentrations of TSP affer the 3 clean technology options were
employed are predicted and summarized in Table 4, At the receptor, water spraying on the raw
matenial yards (option 1) would help reduce 46.37% of the dust coming from the factory to this
site. On the other hand, emission recirculation (option 2) alone had very little reduction e ffect
ofonly 0.22%. When combined (option 3), the reduction 0f 65.54% of concentration level from
present level could be achieved.

Figure 5 shows the isopleths of TSP concentration in option 3 scenario. The maximum
ground-level concentration, which occurred near the material yard, reduced from 105,50 pg/m’
10 46,19 pg/m*, a 56.22% reduction. Moreover, the levels for mostof the factory buildings were
below 50 pg/m’ and the levels for most of the highway no 304 were below 30 pg/m’.

Table 4. Concentrations of PM10 at the receptor for different cled technology options and
prediction models

Present CT Option | CT Option 2 CTOption3(1& 2)
Pradiction Cmcs Conc.  Reducion  Come Redwtion  Come. Reduction
) (upn) (8 (o) (9 {ppinr’) (%)
At % A
Rbctiaar 138 0™ 4637 1.38 (2] 048 65.54

Max Value 10550 873 5381 10239 29 46.19 562
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Fig. 5. The isopleths of ground-level concentration for CT Option 13
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4, Conclusion

A pro-active air quality management approach was developed and tested with a medium-
scaled starch factory, The US.EPA’s SCREEN3 and AERMOD models were used to predict
the present and future level of TSP based on 3 clean technology options. The best scenario ~
option 3 — could reduce 65.54% of the current concentration. Most of the reduction were caused
by the low-cost measure, a material yard water spraying.

Findings inthis paper illustrates the potential of the approach to assist in the decision-making
process of the factory. Proper decision would then lead to the goal of sustainable co-existence
of the factory and its surrounding community.
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