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Etling 1990
E-G
2001 ISCST3
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1.3.3

Zhuang et al., 1999
H23)4
and Dkada, 1994 Zhuangetal., 1999
NH4HSO,
Tsai andCheng 1999
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85 15

and Carmichael 1995

Hewitt, 2000

Pasquill-Gifford
Sharan

Sivacoumar et al.
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SO,
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SO,
Na S0, CasO; Wu
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PM10
Ueda
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2.1

2.1.1
Fig. 1
UTM_E 151000 281000 UTM_N 2596000
2751000
2.1.2
Fig.1 2000
7
ISC
2.1.3
TEDs 4.2
1997 SOx
160 152.5
6.2 4.7 Fig. 2 TEDs4.2 SOx
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Fig. 1 Location of monitoring stations and power plant over central Taiwan.

Fig. 2 SOx emissionsin central Taiwan in 1997.(Ton/year)
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2.2

90 SO, SOs 40~80
1 1999 7
1 7~8 SOx
88
ISC 1997~2000 SO2
221
10
12 10m 30m 50m 150m 300m

500m 700m 900m 1100m 1300m 1500m 3500m

2001 2000 Chenetal.,

2002 Tsuang and Chao, 1999

1

X(t +Dt) = x(t) + u, <X

y(t+Dt) = y(t) +v, XDt

Xy u v
US/EPA, 1994
200m Scire, 2000

and , 2000 1ms?
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Pasquill

stack-tip downwash ISC3

advection-diffusionequation  Hanna

etal., 1982 Beryland, 1991 Seinfeld, 1998

£+\/ xNC = NKNC
qit
C b g/m®
eddy diffusivity —m?/s
t S
12 Fig. 3
1 0~225m
diffusion turbulent diffusion
10m 40m 100m 225m
10m
2 225~1200m
400m 600m 800m 1000m 1200m
3 1200~2500m

1400m
2500m
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|~
Z4=100
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2225
3 h3
Z=100
Z2 hZ
Zi=0
1 hi
Zi=10m
, 2001

Fig. 3 Scheme of dispersion of pollutant in urban area, whereL =2A x isthelength
of acity ortravelingdistanceof wind andw =2Ay isthewidth of thecity. g0
is emission rate per unit area, u is wind speed, Cm is the concentration at top of
mixing layer Zm , Cbisthe concentration at surrounding area of the city along

Y-axis, and Csisthe near ground concentration of the city.

10, 1 ,.10, 1°S0, 150,
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SOz b gm>

t S
u ms™
Kz Ky z vy ~10m?s?
p sst
L st Uijlenhoet and Stricker 1999
L o, =0.3579] *?[2 + 2.05] **¢%] J mmh'*

K SO2 Ss!  so2

3
a Z Zg
Nikmo et al., 1999 surface layer
ku*%XZ-d
KZ(ZSL):LZO)
F (=
')
u* m/s
L Monin-Obukhov length m
Z m
Zs Zwix surfacelayer m m
do zero-plane displacement height m
Dy Seinfeld, 1998
1
Fh(é):(l- 155)E for £ 0 unstable
L L L
Fh(E):1+4.7E for Z 0 stable
L L L

b. Zs Z Zuix

surface layer

2N yotiazy ) Ky +(Z - 2o I, + 20HZa) - K2(W)

h- Z4 F|Z:Z& h- Zg B

Kz(Z) = Kz(h) +(
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c. Z Zmix

0
Kz(Z)=10* Sharanetal., 1995

the convective velocity scale, w*

Seinfeld, 1998

a7 L
W z(quZ )3
T,rCp

To K
p 1.2 /m?

0 the vertical mean turbulent heat flux g,
M onin-Obukhov length Seinfeld, 1998
- rCpT,u*®

kga,

— - rCpTu*?
—> 0, Lkg

L=

u* m/s

L Monin-Obukhov length m

k von Karman’s constant 0.4
g 9.8m/s?
Cp Cp
Cp=Cv+R/Ma
Cv
R 8.314 joules/ k mole
Ma 28.97 g/ mole
XY

Sharan, 1998 K-theory
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unstable conditions

Sharan, 1998 Aray, 1995
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Industrial Source Complex Model , ISC
1979

ISC US/EPA, 1995 steady

state Gaussian plume model

Gaussian distribution normal
distribution
ISC ISCLong-TermModel ,
ISCLT3 ISC Short-TermModel , ISCST3
ISCLT AQDM Air Quality Display Model ~ CDM Climatological

Dispersion Model

ISCST CRSTER
1SC
1 point source
2 line source
3 areasource
1SC
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ISC
y Z
X,y
KVD

c=—AVD 0527

2Us s, S
Q
K

x 10°
V
D
Us m/s
s, S,

2
Us
h
Uu.=U S )P
S ref (Zref)
Ure‘ Zre‘
hs Us

1m/s 1SC

hs
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ug/m’

Us

Tablel



Table 1 Log-vertical profile of wind speed.

Stability Category

Rural Exponent

Urban Exponent

A 0.07 0.15
B 0.07 0.15
C 0.10 0.20
D 0.15 0.25
E 0.35 0.30
F 0.55 0.30
. V
Vs 1.5Us h, = h, +2dS(U—S- 1.5)
Vs 1.5Us h, =h,
hs Vs m/s ds
m hs’ hs
Briggs Fb Briggs
buoyancy flux parameter , m*/s®
DT
F, = gV.d’(—
b g s s(4TS)
DT =T,-T, T, K T, K

T
F,=V2d2-—=
4T,
s, s,
s, s, Pasquill-Gifford

s, =465.11628" X~ tan(TH)

TH

TH =0.017453293(c - dIn X)

15
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X sS. S abocd

0.1
+h,

V = expl- 052k hE) 1+ expl- 0.5(Z 21

i=1 z z

h, =h, +Dh

h=2-(2"2-h,)

h2 = Zr +(2i, Zi - he)

h,=2-(2" Z +h,)

h,=2 +(@2"  Z +h,)

Zr

Zi
ISC Holzworth

Holzworth
E F

ISC E F
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he' he
X,y
h,=h+Z-2Z

(x.y)

Zs Z

(x.y)

Z-7s

W 1/s X

1993 Sharan 1995
ISC atmospheric stability
Mohanetal., 1998 Pasquill  Turner M oni n-Obukhov
length & 10m  Gradient Richardson number Bulk Richardson number
temperature gradient Ur Pasquill
Table2  Pasquill

R 2.15MJm%r 215 R
1.08 R 1.08 Mussio 2001
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Table 2 Pasquill stability class.

Day Night
Surface wind speed Incoming solar radiation Thinly overcast or 3/8 cloud
at 10m m/s Strong Moderate Slight 4/8 low cloud
2 A A-B B
2.3 A-B B C E F
3-5 B B-C C D E
5.6 C cD D D D
6 C D D D D
4
1999-2000
Holzworth
1998
T/ t T-T6
m/s
MJ/m?hr
T/ t /hr
T-T6

18



8.55

156.0

7.61

T/

t

19

20.49 T-T6
r=0.87

12.24



3.1

3.1.1

2000 SO2
Ziomasetal., 1995 Simmondsand Keay,
1997 ChengandLam, 1998

Table3 Fig4

SO2 15
6~8 SOz

Table 3 Reults of CTx model performance evaluation.

Month |Obs ppb [Calc ppb |Corr.Coeff. y |Stderr ppb [Success
Jan 4.08 3.99 0.34 3.11 71.0
Feb 2.73 4.16 0.43 2.73 92.9
Mar 3.84 4.12 0.15 2.45 74.2
Apr 2.85 4.20 0.19 1.94 93.3
May 4.24 4.20 0.24 2.41 74.2
Jun 2.72 4.07 0.12 1.54 96.7
Jul 2.86 3.97 0.05 2.12 96.8
Aug 2.40 4.18 0.07 1.64 100.0
Sep 3.76 4.15 0.34 2.69 73.3
Oct 3.15 4.03 0.20 2.00 83.9
Nov 3.49 3.94 0.37 2.61 83.3
Dec 3.29 3.76 0.28 3.29 86.7

Success




' " " " 2 1 L] o i1 1 =i F 1]
day day

Fig. 4 The comparison of observed and simulation SOz concentration in 2000.
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3.1.2 |ISC

Sivacoumar and Thanasekaran, 1999 ISC
Willmot and Wicks 1980

mean square error, RMSE

RMSE 0O d
Table4 Total RMSE d
RMSE 9.03 426 531 d 0.70 0.65 0.64
50
ISC
ISC 40

Table 4 Reults of 1SC model performance evaluation.

SO,

index of agreement,d 0 d 1

1

root

0.80 0.78 0.69 Totd

Parameter Homei Lukang Hsienhsi Shenkang Wuchi Wuchi® Nantou  Chushan
A. Summary measures

1. Observed mean 1628 749 1155 921 1025 1025 213 239
2. Predicted mean 1724 586 11.29 9.22 7.90 922 231 187
3. Observed deviation 544 286 6.43 376 6.99 6.99 0.95 110
4. Predicted deviation 553 291 345 29 5.08 400 091 0.85
B. Linear regression

1. Intercept 554 -009 7.37 428 1040 592 1.86 143
2. Slope 072 080 034 054 -0.24 0.32 012 051
3. Correlation coefficient 080 078 063 069 0.34 0.56 011 0.39
C. Difference measures

1. Systematic MSEs 322 284 1757 291 78.28 2304 0.09 014
2. Unsystematic MSEu 844 317 6.94 444 2224 10.65 115 092
3. Tota RMSE 903 426 18.89 531 81.38 2538 115 093
D. Index of agreement 070 065 051 064 035 047 035 041
a



3.2
3.21
1997 3 1999 10 8
1999

7 1 Fig.5 1997 2000

SO2 FGD

52 64

5 20 FGD

1998 1999
SO,
Fig.6-Fig. 17 1997 2000
ISC
SOx SO,
B P ERS Ot B ()

12

B1998
B 1999
B =000

1 2 3 4 5 & 7 8% 9 10 11 12 Hf#
Fig. 5 Monthly emissions from Taichung power plant during 1998~2000.
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1 4
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SO,
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2 1SC

Fig. 14~Fig.17  ISC

1999 7
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SO,
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Fig. 6 The average streak line of SO, from Taichung power plant in 1997.
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Fig. 7 The average streak line of SO, from Taichung power plant in 1998.
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Fig. 8 The average streak line of SO, from Taichung power plant in 1999.
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Fig. 9 The average streak line of SO, from Taichung power plant in 2000.
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Fig. 10 The average streak line of sulfate from Taichung power plant in 1997.
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Fig. 11 The average streak line of sulfate from Taichung power plant in 1998.
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Fig. 12 The average streak line of sulfate from Taichung power plant in 1999.
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Fig. 13 The average streak line of sulfate from Taichung power plant in 2000.
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Fig. 14 Monthly average SO, concentration from Taichung power plant in 1997.
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Fig. 15 Monthly average SO, concentration from Taichung power plant in 1998.
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Fig. 16 Monthly average SO, concentration from Taichung power plant in 1999.
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Fig. 17 Monthly average SO, concentration from Taichung power plant in 2000.
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Fig. 18 The average streak line of SO, from Tunghsiao power plant in 1997.
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Fig. 19 The average streak line of SO, from Tunghsiao power plant in 2000.
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Fig. 20 The average streak line of sulfate from Tunghsiao power plant in 1997.
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Fig. 21 The average streak line of sulfate from Tunghsiao power plant in 2000.
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Fig. 22 Monthly average SO, concentration from Tunghsiao power plant in 1997.
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Fig. 23 Monthly average SO, concentration from Tunghsiao power plant in 2000.



3

3

1997-2000

SO2

TRMSE

Table5

1997

2000

Table5

1997

2000

66

Table 5 SO, contribution and the ratio of reduction from Taichung power plant.

unit  ppb

Homei Lukang Hsienhsi Shenkang Wuchi

1997 | 2000 1997 | 2000 1997 | 2000 1997 | 2000 1997 | 2000
Spring 428|1086| 80 [096|014| 8 |134(031| 77 |145|040( 72 | 092|012 | 87
Summer | 021|017 19 |013|004| 69 [004|001| 75 (004 (011| - |208|053( 75
Autumn (189|128 | 32 |300(049| 84 |280|066| 76 [345]|084| 76 (023|002 | 91
Winter 329|098 70 |264(037| 8 |212|047| 78 |281|054| 81 |015]|000| 97
Total 2421082| 66 |168(026| 8 |158|036| 77 |194)|047| 76 | 085|017 | 80

Table 6 SO, contribution and the ratio of reduction from Tunghsiao power plant.

unit  ppb
Homel Lukang Hsienhsi Shenkang Wuchi
1997 | 2000 1997 | 2000 1997 | 2000 1997 | 2000 1997 | 2000
Spring 117|073| 38 |025|031| - |037|026| 30 [038|032] 16 |018| 111 -
Summer |029|023| 21 |016|011| 31 |016]010| 38 |018[019| - |015|006| 60
Autumn 4441226 49 1294 (109| 63 (307|091 70 |377|169| 5 |511|151| 70
Winter 296|229 23 |118(133| - |138|089| 36 |149|158| - |[163(330]| -
Total 2221138 38 |113|071| 37 (125|054 57 (146|109 | 35 | 177|150 | 17




Table 6

1-5
6-12

1999

1.68ppb 0.26ppb 85
77 76
2.08ppb 0.53ppb 80
57 17~38
Fig. 24 1997
1998-1999 1.5 1998
17 1999 8 1997 ~2000
6-8
58
Fig. 25 1997 1-3 30
20 1-3 10-12
2000
10
SOz 1997 2000
84
6-8 Fig. 26
52 1997 2000
1997 100 1998 67
64 2000 24
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Fig. 24 Monthly contribution trends of SO, from Taichung power plant in Homei
during 1997-2000.
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Fig. 25 Monthly contribution trends of SO, from Taichung power plant in Lukang
during 1997-2000.
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Fig. 26 Monthly contribution trends of SO, from Taichung power plant in Hsienhsi
during 1997-2000.
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Fig. 27 Monthly contribution trends of SO, from Taichung power plant in Shenkang during
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Fig. 28 Monthly contribution trends of SO, from Taichung power plant in Wuchi during 1997-2000.
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Table7  1997-2000 e

SOz

SOz

1997 14.80 2000 7.10

Table 7 Ratio of contribution from the main point sources of central Taiwan
during 1997-2000.

1997 1998 1999 2000

16.96 1814 20.05 2148
14.80 15.08 14.88 14.35
14.69 12.30 13.96 1161
1344 11.66 7.79 7.10
19.76 21.32 2223 28.76
16.90 1847 19.04 20.26
1559 14.98 13.70 124
1324 11.19 1145 583
273 2714 24.17 2567
15.14 12.25 1421 2316
11.96 10.02 1152 11.07

9.38 9.85 1140 848
33.74 41.29 39.20 1524
19.74 15.74 1542 1349
14.14 844 8.65 6.41

303 357 4.03 6.16
35.33 32.59 35.70 15.85
14.10 12.88 15.22 10.96

931 1051 1141 10.85

8.85 5.08 9.08 9.99
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14.10 10.96
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11.07 8.85
3.4
1997
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Uijlenhoet and Stricker 1999

SO,

19.76

9.99

13.24
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2000 5.83
15.14 8.48
19.74 15.24
10
7.24 11.96
14.14 6.41
1998~1999
ISC 2~3ppb
6~7ppb
5 Shrt
Padroetal. 1991 ISC
ISC
1998 1997 2000
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Table 8 The contribution range and concentration from Taichung power plant.

ISC
1997 5~10ppb 1997 1~2ppb
20 2000 0.5ppb 2000 0.5ppb
1997 5ppb 1997 1~2ppb
2000 0.5ppb 2000 0.5ppb
1997 4~5ppb 1997 2~3ppb
2000 0.5ppb 2000 0.5pph
1997 3~4ppb 1997 1~2ppb
2000 0.5ppb 2000 0.5ppb
5.95ppb 2000 4.09ppb 1.50ppb
4~5ppb
ISC 1997 2000
1~1.5ppb
6 6 7 8 1997 6.00ppb 2000
3.58ppb
1997 2000 SO2 FGD
52 64
5 20
FGD 1998 1999
FGD
1997 2000
1997 1997 2000 FGD
2000 Fig.29 1997
2000 Fig.29 1997 Fig.6
70~80
FGD

SO2
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Fig. 29 The average streak line of SO2 from Taichung power plant in 2000.
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1999
SO,

Table9

1998 10 6 /

1998 1999

SOz

Table 9 Meteorological variables in central Taiwan for experimental campaign.

20/10/1998 31/10/1999
Max temp. 28.3 29.9
Cloud 28 36
Solarrad. MJ/M? 13.2 11.6
Sun hr 7.3 6.9
RH 70.1 66.5
4.1 1998
4.1.1 SO,
1998 10 20
2m/s
Fig.30 1998 10 20 SO,
SO,
3 9 20ppb 15
37.6ppb 21.1ppb
S5ppb 21
Fig.31 ISC 1998 10 20 3 9 15 21

m/s
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Fig. 30 SO, concentration and wind field in central Taiwan on 20 October 1998.



a 03:00 b 09:00

1L 1WLSE (BAAE 10T |OBE |2GRE 1EIE VELIE 15,5 12LE IELE 1AL ELIE TARAE T3SE ITOAF TAATE 16U 1FLEE IZIE 1ZLIC I2LIE WLE

0.0 50 0.0 15.0 0.0 0 mb 0.0 =0 10.0 1s.0 20.0 0wk

d 21:00

1E30F 1AL IA0ar T4 THSE IFIEE TARTY 1M 1FDAE 1Z1E 1FLIE 171 T

130T 1AL IA02r Tak4E MO IFIEC TARTE 1M 1FDAE 1ZIE IR 171 T

0.0 5.0 400 3E.0 E0,00 250 peh 0.0 5.0 0.0 15.0 z0.0 150 ek

Fig. 31 Surface SO, concentration for different hourson 20 October 1998 obtained
with 1SC model.
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Fig. 32 Surface SO, concentration from Taichung power plant on 20 October 1998.
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Fig. 33 Surface SO, concentration from Tunghsiao power plant on 20 October 1998.
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Fig. 34 Vertical profile of SO, sulfate concentration and mixing height from Taichung
power plant on 20 October 1998.
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Fig. 35 Vertical profile of SO, sulfate concentration and mixing height from
Tunghsiao power plant on 20 October 1998.
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Fig. 36 SO, concentration and wind field in central Taiwan on 31 October 1999.
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Fig. 38 Surface SO, concentration from Taichung power plant on 31 October 1999.
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Fig. 39 Surface SO, concentration from Tunghsiao power plant on 31 October 1999.
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Fig. 40 Vertical profile of SO, sulfate concentration and mixing height from
Taichung power plant on 31 October 1999.
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Fig. 41 Vertical profile of SO, sulfate concentration and mixing height from
Tunghsiao power plant on 31 October 1999.
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