Chapter IV
Results and Discussion

The results of the mathematical model simulations in accordance with the scope

of study are separated into 4 parts as

4.1 Verification of m : 7 i ‘amaﬁcal model of sulfur dioxide

oxidation in plume using

4.4 Evaluaqux)f the smmlatod M ions in comparison to the
! angkok Power Plant in
Samut Prakarn | D

4 Verlﬁcatlolﬂ' W}sﬁﬂ% %awq ﬂ)ﬁ of Sulfur Dioxide

Omdatlon in Plume Using the I\'Lonte Carlo Method
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vertical dispersion coefficients, shows that sulfur dioxide quanta at the end of run times

are found to be accounted for all (100%) for every simulation.

The physico-chemical mathematical model, which is used to simulate the
- dispersion and chemical reaction, holds true on the mass conservation property for

every condition of the simulation, that is:
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(SO2 +SO4 )iy = (SO2 + SO4 ) +(SO2 + SOs ), 3.19)

4.2 Evaluation of the Values of the Simulated Horizontal and Vertical Dispersion

Coefficients in Comparison to Pasquill-Gifford Dispersion Coefficients

The values of the simulated horizontal and vertical dispersion coefficients which
make the under curve arecas of the q\ calculated concentrations of sulfur
dioxide nearly approach to the “curve e empirical concentrations of

— £

sulfur dioxide as obtained Wan ua Pasqmll-Glfford dispersion
X
i stabili ss at 10 km downwind from the

(‘5 and 10 km downwind,

ere not.fossible % are tabulated in
-

\

al mathematical model for

each étmospheﬁc stability class'is J&?é_ﬂan @rm velocity and the trajectory of

each particle in the x direction winﬁﬁi?ﬁst}fm 100 m during every time step.
(A e

As a result the discrepanties-of-the-cipi

f sulfur dioxide in the
unstable and neutral atmcﬁ)heﬁ@ stabilities for i ﬂm the y and z directions
~are considerably less than uh,the stable atmospl&:}m stability (see Figure 4.1-4.14) and
the greater numtﬂ uxﬁr%}% W %% H W%S of sulfur dioxide,
the smaller ratio oIquulfur dioxide mass(g) per quan%m was obtamecL,So the number

st GNP T AR 552 B s s

neutral atmgspheric conditions needs to be much more than in the stable atmospheric

condition for simulating the numerical concentrations of sulfur dioxide.

We have not succeeded in determining Pasquill-Gifford vertical dispersion
coefficients for atmospheric stability class A at 5 and 10 km downwind and
atmospheric stability class B at 10 km downwind in Figure 2.2. Consequently, we did

not simulate the dispersion coefficients in these cases.
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~ Table 4.1 Comparison of Pasquill-Gifford Dispersion Coefi'lcients and the
Simulated Horizontal and Vertical Dispersion Coefficients for Every
Atmospheric Stability Class at 1, 5 and 10 km Downwind from the

Source
Downwind | Horizontal and Vertical dispersion SO, Numerical
Distance coefficients (m) | | emission | run conditions
(km) Pasquill -Gifford | “Sﬂiﬂ ( | rate (quanta/time step,s)
Oy oz Ky — (g/s)
For Class A —— y : ,
1 215 | 90" a5 || 147 0 1000/50
5 860 1 1NN -
10 1600 LIRS -
For Class B 2 RS \
1 160 0 25wt 1 \1NN, 500, 1000/25
5 640 | 1 WE 3_‘{ A SN -
10 1200 - ¥ -':‘% 4 W\ ™ -
For Class C . Sl A
1 110 68 J| 25 6% | 500 1000/20
5 450 250° |4 500 2000/20
10 800 420 _LC75). 40200] 500 2000/20
For Class D : ;
1 75 1000/20
5 300 18 ) 1000/20
10 550 | <150 41 2 500 2000/20
For Class E ¢ (V)

5 iz_ﬁ = Tl ALY g8 "I"500" 1Y 500/50

1 A 11 81 ﬁ)‘v ‘%dw 5007 1|y 500/50
0.8

10 400 80 17 5 4w 500 2.500/50

For Class 5}4 4 ’u o
1§l 38 15 5 0 500 ~500/50
5 165 35 5 0.05 | 500 500/50
10 280 47 | 84 | 025 | 500 500/50

Due to the sysmetry of the plume, only a half of the plume is illustrated in
Figure 4.1-4.14 and the details of each comparison are shown in Table 4.1. The under
. curve areas of the numerical concentration profiles that used the suitable simulated

horizontal and vertical dispersion coefficients fit almost exactly with the under curve
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areas of the empirical concentration profiles for every atmospheric stability cléss and
dowx.1wind distance (except atmospheric stability class E and F at 1 km downwind) as
shown in Figixre 4.1-4.14. For atmospheric stability class E and F at 1 km downwind
(see Figure 4.9 and 4.12), the under curve areas of the numerical concentration profiles
differ greatly from the under éurve areas of the empirical profiles due to the large

volume of the center cells which prevents

In conclusion, the M;n@ jodcl dcveloped can satisfactorily

simulate the dispersion of ifford wcl and thus can be used for

4.3 Sensitivity Analysi ical Re ctions of Mat ematical Model of Sulfur

peaking as observed in empirical model.

the study of oxidation of s

Dioxide Oxidation i Using the ‘CarloMethod with a Stack of

P
et

chemlcal mathematical model mﬂ i ormation by varying parameters such

)
oUEERENINEAng
mo;élaiﬁﬁ%.”ﬁiﬁ‘ﬁ"ﬁ 2k L)

4.3.3 Tbusuki, Ohsawa and Takeuchi (1990)'s reaction rate in ammonia-rich

cases as below.

environment
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4.3.1 Brimblecombe and Spedding (1974)'s Reaction Rate

We could not use Brimblecombe and Spedding (1974)'s reaction rate to
evaluate the sulfate formation at both observed and high iron concentrations, because
the rate constant is proportional to the iron concentration and depends upon pH in

_ solution. The rate constant in Brimblecombe and Spedding (1974)'s reaction rate was
established for the iron concentrati ‘ ,{y d pH of 4.9 but the observed and

high iron concentrations are 2.15%

M, respectively. It indicates that

The yields at any‘. n time are onstrated in Figure 4.15-4.46 and

s Sy ’ﬂ’% E‘J"’Mﬂ%@%ﬂ fidh vironment and in

ammonia-deficient'énvironment are concluded in TaELe 4.2 and 4.3 , despectively. The

i R RIRFRHRADEAR Y
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source °

Figure | Time Atmospheric [NH,] T %RH | %Yield
(sec) Stability | Aopb) | (C)
. Classgy Sl . |

1 4.15-a) | 2000 : o 1P = 20 50 0.3
g Sy - 70 0.3

AR ST 90 0.3

W 95 0.3

b5 AN N - 99 0.85

4.15-b) | 2000 500 | 225 50 0.3
, 1 70 0.3

90 0.3

95 0.3

99 0.55

4.15-c) | 2000 50 0.3
70 0.3

90 0.3

95 0.3

99 0.3

4.16-a) | 2000 50 0.3
70 0.3

= 4 90 0.55

m HEJ QHHH: 95 0.25

i ¢ il & 22

N G AR AR 10 <a e Ak E= R
B lA - o~ 03

1 90 0.3

95 0.3

99 0.75

4.16-c) | 2000 '3 1201 80 30 50 0.3
70 0.3

90 0.3
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Table 4.2 Comparison of %Yield of Brimblecombe and S;;edding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric 1 | [NH;] T %RH | %Yield
(sec) Stability \l\( (ppb) (°C)
Class E. S WV
4.16-c) | 2000 G| 1207 30 95 0.3
- —| 1 99 0.25
4.17-a) | 2000 201 1100 | 20 50 0.3
NN 70 0.3
EP NN Y 90§ 03
i RN 95 | 0.25
/ AN 99 4.7
4.17-b) | 2000 173200 1 100, [y, 25 50 0.3
Wrdor T \T 70 0.3
7 90 0.3
— 95 0.3
99 0.95
4.17-c) | 2000 C o ED 50 0.3
) jf;, 70 0.3
U7 A. ) 90 0.3
T .} N 95 0.3
» 99 0.55
{4.18-a) | 2000 _Ca 1x108 50 | 20 50 0.3
‘ Fl ‘Vlﬁ% P 70 | 03
i Tk 90 0.25
a ﬁ-\ﬂrlfrﬁﬂ f'!:.gél 0.7
[ Jhld & d K1) lieNegJ | 3025
4.18-b) | 2000 € 0.1x105| 50 25 50 0.3
70 0.3
90 0.3
95 0.4
v 99 6.9
4.18-c) | 2000 c 0.1x106| 50 30 50 0.3
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s
Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa
and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric ; T %RH | %Yield
(sec) | (°C)
4.18-c) | 2000 30 70 0.3
90 0.3
95 0.3
99 | 115
4.19-a) | 2000 \ TW20 50 0.3
| 70 03
90 0.55
95 1.45
99 75.05
4.19-b) | 2000 25 50 0.3
70 0.3
0.25
P 95 0.4
o4 99 | 2245
4.19-c) | 2000 =30 50 0.3
| 70 0.3
90 0.3
Syl 95 0.25
F | 111 d] 9 3.75
4.20-a) | 2000 © C 20 0 0.3
f\ﬂﬂ”ﬁ&ﬂ#ﬂ Q198NN | 0.3
NN NTTdbHNVI[T 9 , 0.7
1 95 2.9
99 87.55
4.20-b) | 2000 C 0.1x105| 100 25 50 0.3
70 0.3
90 0.4
95 0.85
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s
Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa
and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric i %RH | %Yield
- (sec) | Stability [ (°C)
Clagg ™ b
4.20-b) | 2000 =] 0.1k 1064y 25 99 37.05
4.20-c) | 2000 — ) 11601 30 50 0.3
) 70 0.3
90 0.3
95 0.4
99 6.9
4.21-a) | 2000 50 0.3
70 | 03
90 0.3
95 0.3
99 1.4
4.21-b) | 2000 50 0.3
70 0.3
90 0.3
95 0.3
. —1 - 99 0.4
4.21-c) | 2000 D 120L°:|r 50 30 50 0.3
1~ondranslanethaal 7 0.3
: ,|_Jdr'JI'|dHHIJId 90 0.3
v , .95 0.3
~da - a\) aYa) 'é?@l 83
4.22-a) P\2 1 8 ) 50 0.3
q 70 0.3
90 0.3
95 D28 -
99 4.8
4.22-b) | 2000 D 1201 80 25 50 0.3
70 0.3
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa
and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric _ [NH,] i %RH | %Yield
| (seo) Stability \l\,g (°C)
ClasgSiA

4.22-b) | 2000 D 1301 90 0.3
- { 95 0.3

1/ 99 1.15

4.22-c) | 2000 | /I 50 0.3
= | 70 0.3

s 90 0.3

95 0.3

. 99 0.25
4.23-a) | 2000 50 0.3
70 0.3

90 0.3

95 0.3

99 9.4

4.23-b) | 2000 50 0.3
70 0.3

90 0.3

- , 95 0.3
aroinondiononathaal 9 2.15

4.23<c) | 2000\{ LA D47 ﬁ 1201 | 100" 50 0.3
| & 70 0.3

xh~ o e alig A Q %@ 0.3

NN IYNITT dblE & [ , £J| o3

q 99 0.4

4.24-a) | 2000 D 0.1x106| 50 20 50 0.3
: 70 | 03
90 0.25

95 113

99 50.6
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Table 4.2 Comparison of %Yield of Brimblecombe and S[;edding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibilsuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric 8 %RH | %Yield
(se) Stability | (ng/s °0) |
Class ™. |\
4.24-b) | 2000 D— 50 0.3
e 70 0.3
90 0.3
95 0.4
99 | 143
4.24-c) | 2000 50 0.3
] 70 0.3
90 0.3
3 95 0.3
i 99 2.55
4.25-a) | 2000 D 7 10.1x108F 480 20 50 0.3
. 70 0.3
R S SIS - 90 0.65
Y : i 95 | 3.7
Y. r g 99 84.15
4.25b) | 2000 T — 725 | s0 | 03
- s AR
nﬂnnn BlOonA S oLl D 90 0.25
; / 95 0.55
Rl 99 38.65
4.25-c) | . 2000, | ~ alds oo o Y1 0.3
' o dbld N VI '] o3
q 90 0.3
95 0.55
99 8.05
4.26-a) [ 2000 D 0.1x10¢| 100 20 50 0.3
70 0.3
90 1.15
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Table 4.2 Comparison of %Yield of Brimblecombe and S[;edding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric X %RH | %Yield
(sec) Stability | (ng/n C) |
Class SRSSINA
4.26-a) | 2000 Dl eﬁ : 95 6.4
— S 99 91.6
4.26-b) | 2000 50 0.3
70 0.3
90 0.4
95 0.95
99 57.55
4.26-c) | 2000 50 0.3
3 70 0.3
90 0.4
95 0.95
99 14.85
4.27-a) | 5000 5, | 2 50 0.4
2 SL) | 70 | o4
\7Z i P 90 0.4
i R T 95 0.4
: - 99 11.6
4.27-b) | 5000 __Sa 1201 9) 50 50 | 04
4 PN { 70 | 04
] : - 90 0.4
[} = P 95 . 0.4
ST 58
4.27-c) | 000 E 1201 50 30 50 0.4
3 2y 70 0.4
90 0.4
95 0.4
: 99 1
4.28-a) | 5000 E 1201 80 20 50 0.4
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Comparison of %Yield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and I busuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric |, [Fe [NH,] T %RH | %Yield
| (se) Stabﬂityk\\l\ll;}}t @pb) | ()
4.28-a) | 5000 — | 120l 20 70 0.4
T S - 90 0.4
' ‘ N 9s 1
99 37.8
4.28-b) | 5000 50 0.4
70 0.4
90 0.4
95 0.4
99 6.6
4.28-c) | 5000 50 04
70 0.4
90 0.4
95 0.4
99 1.8
4.29-a) | 5000 50 0.4
: 70 0.4
90 0.4
‘a A r.w. . AW W - 95 1
? : eV 1/ _‘Uh dl 9 51.2
4.29-b) | 50009 E 1201 100 - 25 50 0.4
1 = =i 0.4
ACE A B QIO ONDIM &S
$ A dl x d g | % 0.4
g 95 0.4
; 99 14.4
4.29-c) | 5000 E “F. 1208 100 30 50 0.4
| 70 0.4
90 0.4
95 0.4
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Table 4.2 Comparison of %Y ield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continu

ed)

Figure | Time Atmospheric €], | [NH;] x %RH | %Yield
| (sec) b) | (°C)

4.29-c) | 5000 30 99 3.8
4.30-a) | 5000 20 50 0.4
5 70 | o4

N 90 1.8

- 95 6.6

' L N0, 99 92.8

4.30-b) | 5000 Joaxtos L 50 25 | s0 | o4
R2ad | WA R 70 0.4

ol [« Jerkaa g 20 0.4

izt 95 1.8

Vs il 99 63.6

4.30-c) [ 5000 E _ =tite 50 30 50 0.4
2 ' : 70 0.4

e 90 0.4

3 95 0.4
;L —~] 99 17

4.31-a) | 5000 E 0.1x1%f 80 20 50 0.4
A IO 70 0.4

WaX T QA1 @ 1 Y

) 4 ﬂ“’ldﬁi 11 90 4.8

9 » : 95 27.4

J ” X 99 | | 988
4.31-b) P\s 1 8 564 | 04
q 70 0.4
90 1

95 6.4

o 99 90.8
4.31-c) | 5000 E.: 0.1x108| 80 30 50 0.4
70 0.4
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Table 4.2 Comparison of %Y ield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric [Fel, | [NH,] T %RH | %Yield
(sec) Stability \k“ pb) (°C)
Clag :\« Nl

4.31<c) | 5000 E——1 () 90 0.4
‘ 95 1

99 47.2

4.32-a)| 5000 50 0.4
70 1

90 6.6

95 44

99 100

4.32-b) | 5000 50 0.4
70 1

90 1.8

95 | 8.8

99 95.2

4.32-c) | 5000 50 0.4
70 [ 04

90 0.4

L 95 1.8

t == P AT Y R Y
4.33-a) | 5000 W% |R¢ d] 50 0.4
T < 10 0.4

=] ﬁ&l 1 04
oY1) | 04

99 4.8

4.33-b) | 5000 F 1201 50 25 50 0.4
70 0.4

90 0.4

95 0.4

99 4.8
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s

-

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric [Fe] [NH3] 7y %RH | %Yield
(sec) Stability N \* (C)
Class
433-c) | 5000 @ 1201450, | 30 | 50 | o4
— Y — 70 0.4
""'—?_i M 90 0.4
‘ AR 95 0.4
AR N 99 1
4.34-a) | 5000 i N, 20 50 0.4
L DA\ TN 70 0.4
LRE \ 90 0.4
b A 95 1.4
. . T 99 49
4.34-b) | 5000 i =T 80 25 50 0.4
_—r 70 0.4
e B 90 0.4
£ e 95 0.4
, Vo 99 12.6
4.34-c) | 5000 7 7130 50 0.4
- “ 70 0.4
o of - - 90 0.4.
) SN E o5 | o4
|| i | = W [ = WK T | 99 2.8
435-a)| 5000 | F F1201 | 1ea | 20 [ as0 0.4
' i E "Jj "l 0.4
q ; . o9 0.4
95 1.6
: 5 99 65.6
4.35-b) | 5000 F 1201 | 100 25 50 0.4
70 0.4
90 0.4
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa

and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric 1 | [NH;] T %RH | %Yield
(sec) Stability . \\@ (ppb) (°C)
C]ass*-e" oMY ‘
4.35-b) | 5000 a1 120 25 95 0.4
| T = 99 22.6
4.35-c) | 5000 E® 7)) RO 30 50 0.4
) N 70 0.4
EF NN 90 0.4
FH=—="T\\ % 95 0.4
. dV\ N\ [N 99 4
4.36-a) | 5000 “peasioc] 50, |, 20 50 0.4
Ao Y 70 0.4
el 90 2.6
P 7 95 15.2
= 99 96
4.36-b) | 5000 Ea = 0.141 25 50 0.4
' - 70 0.4
' 90 0.4
95 4.4
, - - 99 72.6
4.36-c) | 5000 “F |.0.1x108{ 50 201 ~50° 0.4
4 - = 4] 70 0.4
" T f 90 0.4
‘ -~ . K. ~ n D™~ q-q;l 0.4
AN dWIt) 314
4.37-a) | 95000 | F 0.1x106] 80 20 50 0.4 -
70 0.4
90 10.4
95 39.4
: 99 99
4.37-b) | 5000 F {o.ax106] 80 | 25 50 0.4
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Table 4.2 Comparison of %Yield of Brimblecombe and Spedding (1974)'s

Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki, Ohsawa
and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment at

10 km Downwind from the Source (Continued)

Figure | Time Atmospheric €] [NH;] T %RH | %Yield
(sec) Stability . | (ng/n#®)| (ppb) | (°C)
‘ ClassinSuS 1

4.37-b) | 5000 T 0.1x 25 70 0.4
- — | 4 : 90 0.8

. : : 95 11.4

99 93.2

4.37-c) | 5000 50 0.4
70 0.4

90 0.4

v 95 1.6

== | \ N 99 58.2

4.38-2) | 5000 T l0ax105] 10008 20 50 0.4
Bt B _ 70 1

SIS 90 15.2

s 2/ S 95 | 526

| O\ A L) 99 100

4.38-b) | 5000 - . : 50 0.4
70 0.4

_ 90 4.4

¢ a 95 18

ﬂ'_g gji SN EIN 99 982

4.38-c) | 5000 “01x108]" 100 | "30 50 | 04
_ { a | _len | o4

NI T AL ' 4

a 4.4

99 78
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Re;narks >

¢ No yields occur for Brimblecombe and Spedding (1974)'s reaction fate.

¢ For Ibusuki et al. (1990)'s reaction rate in ammonia-rich environment, there are %yield
of 0.3 occurring in atmosphere stability class C and D and %yield of 0.4 occurring in

condition.

atmospheric stability class E and F for eve

C AugIneninenns
ARIAINTAUNM TN
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Table 4.3 %Yield of Freiberg (1974)'s Reaction Rate in A;nmonia—Deficient

Environment at 10 km Doanind from the Source

Figure | Time Atmospheric [Fe] | [NH;] ) %RH | %Yield

(sec) Stability (ng/m3) | (ppb) (°C)
Class

4.39-a) | 2000 99 0.85

0.45

0.3

4.39-b) | 2000 99 2.3

0.8

0.6

4.39-c) | 2000 99 4.2

0.75

0.45

4.40-a) | 2000 99 21

5.95

L1S

4.40-b) | 2000 99 46.2

17.25

3.8

4.40-c) | 2000 99 61.85

28.9

6.15

4.41-a) | 2000 99 1.3

0.55

8 L8l A AN (o Ta W = Al T1N. AN 0 0.3

4.41-b) | 2000 DJ V1) o1 d[Vse) [1[20 J] 99 4.35

% 25 ; 1.2

WRIRIA BREIRS e
4.41-c) 2000 | 51\ D| 1 b 7.55

30 0.55

4.42-a) | 2000 D 0.1x10¢} 50 20 99 27

23 9.45

30 2.6
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Table 4.3 %Y ield of Freiberg (1974)'s Reaction Rate in Ammonia-Deficient

Environment at 10 km Downwind from the Source (Continued)

Figure

Time
(sec)

Atmospheric
Stability
Class

[NH;]
(ppb)

°C)

%RH

%Yield

4.42-b)

2000

80

20

99

54.5

26.45

4.42-c)

2000

4.43-a)

5000

4.43-b)

5000

7.35

67.5

36.8

12.05

5.6

2.4

0.8

15.2

5.8

4.43-c)

5000

2.4

22.6

8.2

4.44-a)

5000

2.4

33.8

4.44-b)

5000

19.2

2

58.2

37.4

4.44-c)

19.8

71

49

21.2

Fa
4.45-a)"

6.4

2.4

0.6

4.45-b)

12.2

5.6

2.4




Table 4.3 %Yield of Freiberg (1974

Environment at 10 km Downwind from the Source (Continued)

s Reaction Rate in Ammonia-Deficient

@

ﬂ‘lJEJ’WIEJ'V]ﬁWEJ’]ﬂ‘i
ammnim N‘Vﬂ’l V]Eﬂﬂ d

| Figure | Time Atmospheric [Fe] | [NH;]| T “%RH | %Yield
(sec) Stability (ng/m3) | (ppb) (°C)
, Class
4.45-c) | 5000 F 100 20 99 17.8
' 25 9.2
30 3
4.46-a) | 5000 0.1x1 20 99 22
: ' i ] 25 16.8
| 30 A 6.8
4.46-b) | 5000 7= 4l 20 99 37.8
G 25 , 27.6
= 2P\ 30 15.6
4.46-c) | 5000 \ 20 - 99 44.8
o el 3 25 36
V3 30 21.4
P T
TN
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4.3.2.1 Effect of Relative Humidity on %Yield

As shown in Figure 4.15-4.38, only 99% relative humidity significantly causes
sulfate formation (%yield) for ammonia-rich environment, every atmospheric stability
class, temperature and ammonia concentration at either observed iron concentration
(1201 ng/m3) or high iron concentration (0.1 mg/m?) in heavily polluted atmosphere.

Relative humidity in the range SO%\KWO effect on iron-catatyzed oxidation of
ondltlon exccpt that for stable

sulfur dioxide in aqueous

ammonia concentration at

ity of 95% is of importance on

droplet. As a result of the addmoﬂw = ensation in the droplet, the sulfuric

..-.--‘:_,..--"l _..H o o
acid concentration dmj_@shes and pI-I nsé; The mgf sulfur dioxide increases
S more substanha]ly into

the drop while the relative hurmd1ty.:mcreases and moreLLulfur d10x1dc oxidation in
“aqueous phase o f f sulfur dioxide in
water as cons ﬂﬁﬁmn ﬂﬂjr l-‘Zofrom 50% to 70%,
from 50 %..1 ﬁ° i % ﬁ} amount of
condens;i Wﬁ gﬁi ilm oﬁ ;f o-f -fold, respectively.

Accordingly high relative humidity considerably influences the catalytic oxidation of

sulfur dioxide in aqueous phase.

Only relative humidity of 99% plays a significant role in sulfur dioxide

oxidation in aqueous phase for every condition of ammonia-rich environment. So it is
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selected to study simultaneously with other parameters for ammonia-deficient

environment case.
4.3.2.2 Effect of Temperature on %Yield

As temperature increases, the yield of the catalytic oxidation of sulfur dioxide
~ decreases in both of ammonia-rich envir and ammoma-deﬁment envxronment as
demonstrated in Figure 4.15-4.46. \A\W ue of Ko*ﬁs * Ks *[3,, *'K.,/K“’
e\jry increase of 5 °C. Thus, the

7 the deoraas\ sulfur dioxide to sulfate

| reduces approximately by 84

temperature increase affex

transformation.

At 99% relative
deficient environment, %yie
of 5 °C. But at relative K
except for the stable atmosp,
concentration, %yield has a very sﬁ;idxs }_.for every temperature change of 5
" oC. The results here shﬂv that tﬂ?setmﬂvﬂy
on relative humidity.

1¢ld at the highest relative

- humidity and lowest tem aturc_for ¢ same a 10spheric undition

'4323 EﬁedOﬁWQ%ﬂ'Wﬁ W E.lr] ﬂj

te m 'ﬁﬁ %Yield is
ex&mc’l;wmﬁg ﬂﬂn ﬁmmmomamch
environment and in ammonia-deficient environment for the unstable and neutral
atmospheric stabilities at observed iron concentration, 99% relative humidity,
temperature and ammonia concentration variations. On the other hand, %yield is large
not only in ammonia-rich environment but also in ammonia-deficient cyvironmcnt for

the stable atmospheric stability and at the lower temperature. The coriclusion here is

that in Samut Prakamn, observed iron concentration influences markedly on sulfate
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formation in the stable atmospheric stability at relative humidity of 99%, temperature of
20 °C and ammonia variations, particularly in ammonia-rich environment. When iron
concentration rises from 1201ng/m3 to 0;1 mg/m3, %yield catalyzed by high iron
concentration is much greater for every atmospheric stability condition. Therefore, the
amount of iron concentration is essential for the iron catalyzed oxidation of sulfur

dioxide in solution.

cratcd from the sulfur dioxide

oxidation. Therefore, th amount of ammonia concentratlon regulates the extent of the

iron-catalyzed oﬂmﬂ ﬂm}ﬂww ‘j NEIN?

Most of the %yield in ammom‘a-nch environment is much #more than that in
smanonisdetiobnt ek artcht do e dank bivin Sobdio o) fbtaved in Figure
4.47-4.54 l?ecause the acid neutralizing buffer capacity of the ammonia availability in
ammonia-rich environment is much higher than that in ammonia-deficient environment.
The ammonia concentration in the first condition was assumed to be cbnstant, but the
ammonia concentration in the latter condition is depleted by neutralizing the acid
formed by sulfur dioxide oxidation as long as all ammonia conccﬁ&aﬁon is not

exhausted.
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There is no difference of %yield bcﬁveen in ammonia-rich environment and in
ammonia-deficient environment for some given condition, meaning that the acid
neutralizing buffer capacity of ammonia concentration in ammonia-deficient
environment is still enough to neutralize the acidity due to the sulfur dioxide oxidation

and thus in turn there is some remaining ammonia concentration. This occurs on the

sulfur dioxide conccntraﬁwr :ch to the periphery of the
i -a concentration shows an

inverse Gaussian concentrati i sulfate on tration; Due to ammonia
limitation, ammonia can no Thus, sulfate formation at
the plume center is less. In cacts with sulfate from the edge of
the plume toward the center ction rate in ammonia-deficient
environment thus is limited fration, not by sulfur dioxide
concentration. |

4.3.2.5 Effect of Atm@spheric Stability Class on %Viek

For each atmosphgric stéb'. ty of any given condimn as illustrated in Figure
" 4.47-4.54, yield is rapi t a slower rate and
mostly tends to @ji ﬂﬁyﬂﬁaﬁ Mﬁ ﬁs happens above, can
be exp ﬁ 4 :ﬁmcentraﬁon.
At mmﬁ]ﬁﬁ ﬁ.\ﬁn [ﬂlﬁﬁﬁ ﬂlﬂ is high and

subsequently lower due to the dilution of sulfur dioxide as a consequence of

(=

atmospheric dispersion. Accordingly, the heterogeneous oxidation of sulfur dioxide in
an expanding plume continues to an asymptotic limit. This phenomenon has been
discussed by Freiberg (1978).
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The sulfate production is very low in the unstable and neutral atmospheric
stabilities at observed iron concentration as shown in Figure 4.47 and 4.49 since the
sulfur dioxide dispersion due to transportation with high wind velocity and diffusion by
turbulent eddies and good mixing does not promote the second order sulfur dioxide
oxidation rate. Vice versa, the conversion of sulfur dioxide to sulfate is very high in the
stable atmospheric stability at ob ed ron concentration as represented in Figure 4.51
and 4.53 because the overall s &uon rate is high due to low wind

\
velocity and poor mixing . ""-:\

Aaidias - gy
conversion of sulfur dioxide to sﬂ!ﬁfc: H‘%ﬂl sulfur dioxide oxidation rate is

||_..i ..-:" 11"'1

xide persion rm §0rmahon is high and may

- and may result in vc\{jhvtr réaction

HANUNINYNT

4.3.3 Ibusuki, Ohsawa and Takeuch‘; (1990)'s Reactlon Rate in Ammoma-Rlch

RRARNN I URINYA Y

Ibusuk1 et al. (1990)'s reaction rate does not cause significant yield as shown in
Table 4.2 for cach atmospheric stability class, nor as a result of the temperature
decrease or the relative humidity increase or the ammonia concentration increase or
iron concentration increase. The hydrogen ion concentration, which is related to the
relative humidity and the ammonia concentration, and the iron conccmr;tion in Ibusuki

et al (1990)'s reaction rate increase with the exponent 0.5 which produce very small
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rate constant for any condition. So there is no difference in the probability of sulfur
dioxide to sulfate transformation of each sulfur dioxide quantum due to the relative

humidity or iron concentration or ammonia concentration variations.

4.4 Evaluation of Simulated Sulfate Concentrations in Comparison to Measured

Sulfate Concentrations of a Stack of the South Bangkok Power Plant in

R

The comparison o ylelds and Alkezweeny and

Powell's yield are conclud

Table 4.4 Comparison
Powell's Yiel

Source

Wind
velocity | measured Alkezweeny
(m/s) and Powell
2 13.67 4.85
#1: For atmospheric stab@y class 1moni environment at RH of 99%, [Fe]
= 1201 ng/m? and [NH,] =

#2 : For aunosphﬂ %&J’ ’as ‘Hnﬂ:ﬁﬂo@ xw. mxﬁl@u RH of 99%, [Fe]

= 1201 ng/m3 and ﬂést] =100ppb ¢

73 For i @b bt maeml Q8 Bhos oo
[Fe] = 1201 ng/m? and [NH;] = 100 ppb

#4 : For atmospheric stability class F in ammonia-deficient environment at RH of 99%, -

[Fe] = 1201 ng/m? and [NH,] = 100 ppb

The measured yield value (SOZ—/ SO2) as obtained by JICA (1990) Was used to
compare with the model results. Only the data obtained during the southeasterly

monsoon of 1988 (since the wind direction must be from power plant towards the
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measured location at Bang Na station (MS1) ). It is found that dﬁn’ng the dry season
of 1588, >thc SOZ_/SOZ is 13.67% yield, where Alkezweeny and Powell (1977)'s
reaction rate gives the yield of 4.85% at the location of MS1 with wind velocity of 2
m/s. Freiberg (1974)'s reaction rate in many cases provide the yields of 7.4-20.8%.

Since in the dry season it is very much likely that relative humidity is below 90% most

7 )'s reaction rate toward the yield may not
be very significant . \ //>/ _
? ._.—-“.":-

The observation of such high SO; /S ,, falio by JICA (1990) can be explained

of the time, the contribution of Freiberg

"

by at least two mechanismueOnede fhe oxidation at souree (SO, —> SO, in gas phase at
high temperature and ¢

manganese) which has bée oW ;_' ~ontribu ° to sulfate formation. The other

2- -~
have different SO4 /SO, ratio thad EG

-
¥ ey
e

o T = 3 . .
However, the heterogenedus o3 as| dation of sulfur dioxide according to

Freiberg (1974)'s reaction - an it mechanism if the atmospheric

condition is right, as VF _ case, #1 and - can be as high as 12.6-
20.8% which is close t'oﬁ' over cent aﬁ(ﬁ

Augdneninens
RIANTUAMINGINY
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