Chapter 111
Methodology

The development of the mather model of sulfur dioxide oxidation in

plume using the Monte Carlo me int source and flat terrain consists

of 5 steps as described belo
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3.1 Development of Mathematical Model of Sulfur Dioxide Oxidation in Plume
Using the Monte Carlo Method

The characteristics of the mathematical model of sulfur dioxide oxidation in
plume using the Monte Carlo method are based on "Physico-Chemical" mathematical

model which comprises 2 major components, which are:

dioxide and sulfate aero:

~ divided the atmospheric-volume
ey 44
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- mathematical model are as follows:

ﬂ‘lJEJ’WlEJWﬁWEJ’]ﬂ‘i

3.1.1.1 Adveetiofi
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location of pollutant emlssmn source, time step and wmd velocity are the pnmary data

for advective calculation.



26

The steps of advective simulation are composed of :

a) defining the initial locations of sulfur dioxide and sulfate aerosol quanta;
(m) and then dividing them by the width of the cell for unit conversion from meter to
cell. '

b) defining the wind velocity; (m/s) and then dividing it by the width of the cell

for unit conversion from meter/s to cel ‘, ,/ ‘ ;
¢) defining the time stg:hé /{/_‘,

d) calculating the

velocity * time step). 7 )

¢) the new locatio

the nearest cell during each ; by ge erating a ranidom number from 0 to 1 in

order to make a decision ¢ loeations of sulfur dioxide and sulfate aerosol

For example, if the initi h_-__-_ ) 7 r dioxide quantum, wind velocity and
time step equal 0 cell, 1.2 cell/s anﬂﬂm ‘/ I ely. Thus, the new location of
- sulfur dioxide quantum is . el ‘ i dioide quantum has 80%
» : stay at the second cell.
Therefere a random nureber is generated to make a dec:smn that sulfur dioxide

quantum should ﬂ mmxwﬁw?w?j (a‘ﬂﬁumber generated is

~assumed to be 0.85; meaning that the ngw location of sulfur dioxide quantum is at the

AN ﬂ\‘iﬂﬁm NW’T] NYa e

3.1. l 2 Dlspersmn

Dispersions are the motions caused from the simulated horizontal and vertical
dispersion coefficients. So the location of pollutant emission source, the atmospheric
~ stability class, the downwind distance, and the simulated horizontal' and vertical

dispersion coefficients are the basic data for dispersing simulation.
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1 : Dispersions in the horizontal and vertical directions are assumed to be Gaussian
dispersions. AConseque‘nﬂy, the concentrations of pollutants emitted disperse like
normal distribution of which sysmetrical bell-shaped area under the éurve is equivalent

to 1.

From Figure 3.1, the maximum concentrations of pollutants are located at the

Concentration of sulfur dioxide or sulfate
aerosol (quanta/cell)

&m mmm AN aﬂo,. o

Z Direction

The concept of using the Monte Carlo approach to the simulations of
horizontal and vertical dispersioné is described as follows: Every quantum of pollutant
initially clusters with each other at thc plume center. After that, each quantum has 50%

probability to move to the left or to the right of tﬁc plume center (horizontal
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movement) and 50% probability to move to the top or to the bottom of the plume
center (vertical movement). So the random method is used to simulate the dispersions.
The random dispersion is identical to Brownian diffusion but the dispersion of
atmospheric pollutant results from Eddy current that makes rpollutant scattering in a

different manner, which is much faster than the molecular Brownian motion.

The stages of dispersing sn%‘ '{/ﬁe up of :

a) defining the mmm and sulfate aerosol quanta;

(m) and then dividing them for unit conversions from
meters to cells. 7
b) defining the atmgspheri¢ s al flaks\a dnwnwmd distance in order to

find the simulated horizofital ghdfvoftical dispersi M\ts; (m) and then dividing

?e bottom ﬁom th_e initial
hani 0.5, sulfur dioxide and

-

sulfate aerosol quanta go the ri O emendand go to the top (vertical

‘movement). On the other hand, If the random_mnnber is less than 0.5, sulfur d10x1de

i it msﬂquﬂ ’1 4 18 fbrigontal sigvetéod) and go to the bottom

vemcal movcment) In fact, eve quintum must meve from the plume center to the
citer sk H e inton 33 £ Wbl Yoo mmaf gencrating
random number is repeated until 1t does not equal 0.5. ‘
d) calculating the new locatlons of sulfur dioxide and sulfate acrosol quanta:
e If 2 random number i is more than 0.5 -
the new location = the initial location + the simulated horizontal dispersion coefficient
: (hoﬁzonlal m’ovemeni) » :

or
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the new location = the initial lbcation + the simulated vertical dispersion coefficient
(vertical movement)

- o If a random number is less than 0.5

the new location = the initial location - the simulated horizontal dispersion coefficient

(horizontal movement)

or
the new locatlon = the initial lc %\%&d vertical d1spers10n coefficient

(vertical movement)

¢) the new locati acrosol quanta assigned to

the nearest cell during number from 0 to 1 in
order to decide that th d sulfate acrosol quanta

should be at which cell.

For example, if the oXxide quantum, the atmospheric
stability class, the downwi istanc - _ ulated horizontal dispersion
coefficient in case of the honzontalm it e 1 cell, class E, 10 km and 0.3 cell,
respectively, subsequm'ﬁ a random mnnl;{er n?: assumed to be 0.7). So

‘dioxide quantum has 70 A obablhty to stay at the first cell.and 30% probability to stay

it 1) {210V ﬁﬁ@ﬁm TR
) ! NIELD] Mﬁﬁ“ﬁ A ?j‘““

3.1.2 Description of Chemical Reaction Mathematical Model

n..r'

After each sulfur dioxide quantum is advected and dispersed to its new location
at each time step, the chemical reaction mathematical model is used to determine the

rate of sulfur dioxide oxidation in plume using the Monte Carlo method.” »
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The rates of sulfur dioxide oxidations are divided into 2.typcs:
3.1.2.1 The first order reaction rate of sulfur dioxide oxidation
3.1.2.2 The non-first order reaction rate of sulfur dioxide oxidation

3.1.2.1 The First Order Reaction Rate of Sulfur Dioxide Oxid;ition

(3.1)
where
d[SOﬁ ]
- dt
K
[SO:]
From Equation (3.1), the ' atis o nifate formation rate of each sulfur

dioxide quantum whic ». at the n ¢ reaction rate constant. The -

fata for the calculation of

| The gocﬂﬂ%ﬁﬁa%lﬂ%fwﬂ‘mﬁcomisf of.:'
- AEAAsERs Inenay

¢) calculating the reaction rate constant dlmng time step which equals time

reaction rate constant \afid fim

- sulfate formation rate. m

step * reaction rate constant.
d) generating a random number from 0tol ‘w'hich is used to determine the

sulfate formation rate.
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_ For example, the time step and the reaction rate constant are equivalent to 20 s
and 0.01 per hour, respectively. So the reaction rate constant during time step is
5.56x1075(0.01*20/3600). A random number is subsequently generated. If the
random number is more than 5.56x1075, sulfur dioxide quantum doesn't convert to

sulfate aerosol quantum. If the random number is less than 5.56x1073, sulfur dioxide

~ quantum transforms to sulfate aerosol quantum. The random number generated is

assumed to be 2.5x1075; aning hat su ide quantum converts to sulfate

aerosol quantum.

{2.15)
The probability of s fioxide ;' ate transformation for Brimblecombe
and Spedding (1974)'s reactio A

(3.2)

~ So the reaction 'rﬁ quivalent to time step *

‘reaction rate constant * Iron concentration. Thls value is used to predict the sulfate

formaton. ﬂumwamwmm
“’”W*i'a AT

Panith (1983) proposed an idea of the calculation of sulfate formation for non-

first order reaction _of sulfur dioxide oxidation as descnbed below.

The non-first order reaction rate of sulfur dioxide oxidation is‘:

d[So§ 1
at

- K[SO: PPl T 3)
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where
d[so?-] :
dt4 = sulfate formation rate; (mole/m3-s)
K = reaction rate constant; (s)~!(mole/m3)!m
[SO:] = sulfur dioxide concentration; (mole/m3)
[P] = oxidizing agent or inert substance or catalyst concentration;
(mole/m3)
n = nt order wi  concentration (n = 1)

From Equation (¢ tion rate of each sulfur

dioxide quantum which 1 eaction rate constant, the
sulfur dioxide concentr _oxidizmgd agen ert  substance or catalyst
concentration, the ntt order s concentration and the mt
order with respect to the oxidiz o agent or i fance or catalyst concentration.
So the probability of st_tlﬁn‘ dioxide-ic sulfa an mation is used to calculate sulfate

~ formation for-the‘ non- ??T"T“—%T*_"*_“ h ¢ probability of sulfur
g
AU eianeInT

_Kiso,]

QW'la\ﬂﬂimWIﬁﬂEﬂaEl

‘—mmwl_ (3.4)

dioxide to su_lfate transfo

whcre
P = probability of sulﬁlr dioxide to sulfate transformation of each sulfur dioxide

quantum
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For example, there are 5 sulfur dioxide quanta released into the atmosphere.
Suppose that the first sulfur dioxide quantum moves into the first cell. The rest of
sulfur dioxide quanta possibly move into the first cell. As each sulfur dioxide qﬁantum
undergoes the transport calculation step and the subsequent kinetic reaction rate
calculation step at the same time step, it is impossible to know whether the other quanta

will move into the same cell point or not. ,p e probability of the first sulfur dioxide

quantum oxidized to sulfate can e first order reaction rate. The

probability is :
(3.5)
P1 = probability of s e first sulfur dioxide
quanium
If the second sulfur di e first cell like the first sulfur
dioxide quantum. The proba dioxide quanta oxidized to sulfate
ix 2
L= K2 : (3.6)

Ptotal = probabihty of sulfiir dioxide to sulfate transformatiéa of the both sulfur dioxide

= U ANYNTNYNT

4 'Thcrefdre, ﬂ\e probability of sel]fur dioxide .=t|? sulfate trans{g}mation of the
s ek 1) 319173912161 8

P2 = 2Ptotal - P1

2K[2F1-K ‘ »
K[2°-1] s 3.7)

I

‘P2 = probability of sulfur dioxide to sulfate transformation of the second sulfur dioxide

quantum
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If the other sulfur dioxide quanta move into the first cell, the probability of
sulfur dioxide to sulfate transformation of the total sulfur dioxide quanta in the first cell
and of the sulfur dioxide quantum entering into the first cell are determined. These

values are represented into Table 3.1.

Table 3.1 The Probability of Sulfur Dioxide to Sulfate Transformation for the
Non-First Order Reactlo R ,/

|Number of sulfur dioxide | The'pre '?‘1 ty sf sulf The probability of sulfur
quanta entering into the |dioxide.do sulfate trans ”"-""Fn dioxide to sulfate trans-
cell point at any time W \ ormation of total sulfur
|dioxide quanta entering
ate the cell point
1 | §\ K
2 ~N KQ)!
3 - K(3)1
num K(num)=!
The processes of the calculation of o ulfate formation le consist of :

5 defining te A o O
m:ammﬁﬂ i m . DA
mamﬁmm i (T,

step * the probability of sulfur dioxide to sulfate transformation of each sulfur dioxide
quantum entering into the cell point.
€¢) generating a random number from O to 1 which is used to determine the

sulfate formation rate.
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The concept described above is used to apply to Freiberg (1974)'s and Ibusuki,
Ohsawa and Takeuchi (1990)'s reaction rates as below.

e In Case of Freiberg (1974)'s Reaction Rate in Ammonia-Rich Environment

Freiberg (1974)'s reaction rate is:

FIFHIINH, 2.16)

3.8)

~ The probability of sulfur ation for Freiberg (1974)'s

reaction rate is:

(3.9)

Let sulfur dioxidcmmi'ssion rate, the number of s dioxide quanta and time 7

e Qs N ] R P T e S e

sulfur dioxide. Sirlde the unit of sulfur d10x1de concentratlon in the hysxco-chermcal

o SR 4118 R §) i

for unit convers.lon from (m3/mole-min) to (ccl]/quantum s).

For unit conversion, Equation (3.9) is changed to:

-d[SO,] _ . ,Q*t*10°¢

*[SO ' 3.10
8ol N*3sa0 o0 (L0

Tledbed 50
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-

- When the probability of sulfur dioxide to sulfate transformation for Freiberg
(1974)'s reaction rate is defined, we can proceed with the processes of the calculation

of sulfate formation rate as explained above.

¢ In Case of Ibusuki, Ohsawa and Takeuchi (1990)'s Reaction Rate in Ammonia-

Rich Environment

@2.17)
Freiberg ‘(1974) de S ienship betwe drogen ion concentration
and ammonia concentratio dow=
2.22)
The substltuhon of Equation (2/22)int6 Equat
700 N ) 3
d[S(IV)] 05 G

dioo

T P Azt NH;

The probability of su]furmoxide to sulfate transformatiormor Ibuéuki et al. (1990)'s

v 'reacuonratexs ﬂu\% ,J Vl Ejﬂjw E,L;_l

f E[S(IVre ] — 2 (3.12)
aw”@wn‘sm umﬁ’r‘mﬁaa
InC, = K ez+]° [ Kw ; (m3/mole-s) :
f 438 Al '
The substitution of C, into Equation (3.12) yields:
~d[Sav)] _

A[SAV)] C,[SV)] | (3.13)
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10°¢

The C, value is multiplied by Q—N—-GT— for unit conversion from (m3/mole-s)

to (cell/quantum-s).

For unit conversion, Equation (3.13) is changed to:

—dISAV)] _ ~ «Q*t*10°¢

Fee el e L) (3.14)

When the probability of ate transformation for Ibusuki et
al. (1990)'s reaction rate i fine
calculation of sulfate form

d with the processes of the

For both reaction ratés, ilics iia concentyz Jincluded in C, and C, are
defined as constants; as a rgét
to sulfur dioxide concentratién and enoug hto : alize sulfate acrosol produced from

the sulfur dioxide oxidatio o éfe s ho ammonia gradient in this

- Flow chart illustrates | mica mmthcmatlcal model for
Bnmblccombc and Spcdduag (1974)'s reaction rate Freiberg (1974)'s reaction rate in

ammonia-rich aﬂo!ﬂeﬂa{g %‘ﬂ mw é}cﬁn‘}m in ammonia-rich

environment as d ted in Figure 3. 2

Q“mﬁNﬂim NT&’]’JWEI’]&IEI
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Figure 3.2 Flow Chart of the Physico-Chemical Mathematical Model /fo'r.
- Brimblecombe and Spedding (1974)'s Reaction Raté, Freiberg
(1974)'s Reaction Rate in Ammonia-Rich Environment and Ibusuki

et al., (1990)'s Reaction Rate in Ammonia-Rich Environment
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Brimblecombe and Freiberg (1974)'s Ibusuki et al. (1990)'s

Spedding (1974)'s | reaction rate in NH3- reaction rate in NH3-

reactionrate rich environment rich environment

//

ﬂuaqwﬂﬁﬁWHﬂni
‘ammnm 'nmnaﬂ

i Figure 3.2 Flow ‘Chart of the Physico-Chemical Mathematical Model for

» Brimblecombe and Spe&ding (1974)'s Reaction Rate, Freiberg

| (1974)'s Reacﬁon Rate in Ammonia-Rich Environmenf and Ibusuki
etal, (l990)'s Reaction Rate in Ammonia-Rich Environment

(Continued)
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Figure 3. 2 Flow Chart of the Physmo Chemical Mathemahcal Model for
i Bnmb!ecombe and _Speddmg (1974)'s Reaction Rate, Frelberg
‘(1974)’5 Reaction Rate in Ammonia-Rich Environment. and Ibusuki
et al, '(1996)’5 Reaction Rate in Ammonia-Rich Environment
(Contioued) - - ’ :
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Figure 3.2 Flow Charti Wiatical Model for

Brimbleco T e and Sped 74)'s R on Rate, Freiberg
' (1974)'s Reaction.Rate in Ammonia-Rich Environment and Tbusuki
N EORLIUIRR TE e Yak
LT} . :
Continued
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e In Case of Freiberg (1974)'s Reaction Rate in Ammonia-Deficient Environment

-

Ammonia-deficient environment is defined by [NH,] < 2[H,SO,] where [ ]
denotes molaf concentration of the component (Saxena et al., 1986). So ammonia
limitation is considered whereas the sulfur dioxide oxidation is occuring. Behra et al.,
(1989) stated that we can expect in atmospheric water droplets (cloud, rain, liquid

b o

o SOZ_ (mol-ratio [NH,;]/[soj_]zZ).

| acrosols) relatively constant proportion of
; with a wet acrosol (RH>80%)

(3.15)
From Equatigfi (3. 2 _ ammonia react completely with 1
mole of sulfate. Thus, mass€o tiof < it ) t any given time holds on the
following relationship | |
[NH: Dy, 77002 5], = (NH3)... » (3.16)
or
[ (3.17)

Nt A ‘lJ ANUNINAN T

. m LTI Ry e O

: [SO4 1 - = concentration of sulfate; (mole/m3)

The physico-chemical mathematiéal model based on the concept as illustrated
above for Freiberg (1974)'s reaction rate in ammonia-deficient environment is modified

as follows: First, each sulfate aerosol quantum is advected and dispersed to its new

location where each cell has {SOi-] < %[NH3]. If each cell has [SOZ_] - %[NH; 1,
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the procedures of advective and dispersing simulations are repeated until each cell has

3-
[SOs 1< %[NH; ]. Then, each sulfur dioxide quantum is advected and dispersed to its

new location where each cell is checked whether the remaining concentrations of
ammonia are more than or equal to twice as many as concentrations of sulfate or not.

If each cell has [NH;] > ‘2[802_ ], the probability of sulfur dioxide to sulfate

remaining

transfonnatxon of each sulfur dioxide quantum entering into the cell point is determined

to predict the sulfate formation Ams \‘\ 12 airation included in the C, value (see
Equation (3.9)) varies with ‘mmu-; quat:on (3.17)). So the C,
 value in mmonia-deﬁcié{ i§ al ways les the C, value in ammonia-

rich environment. On the ¢ i cell has [NH: --<2[SO4 ], the sulfur

Figure 3.3 shows art iy strating the physico-chemical mathematical

model for Freiberg (1974)' on'tate : ‘am \ -deficient environment.

ﬂ‘lJEJ’WIEJV]ﬁWEJ’]ﬂ‘i
ammﬂimwnwmaﬂ
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, F|gure 3.3 Flow Chart of the Physnco-Chemlcal Mathematlcal Model for Frelberg
(1974)'s Reaction Rate in Ammoma-Deﬁcnent Envn'onment
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[

SO4 Quantum<—
SO4 Qunatum+1

SO2 adveéti je-and . dis

Flgure 3. 3 Flow Chart of the Physico- Chemlcal Mathematlcal Model for Frelberg ‘
(1974)'s Reaction Rate in Ammoma Deficient Envn'onment ;

(Contmued)
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- SO2 to SO4 transformation
‘simulation for Freiberg (1974)'s
reaction rate in NH3-
deficient environment

--------

- qEERTe
RN ANINYIAE

~ Print Result

Figure 3.3 Flow Chart of the PhySicmChemical Mathematical Model for Freiberg
; ~ (1974)'s Reaction Rate in Ammonia-Deficient Environment ’
(Continued)
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3.2 Verification of Mass Conservation of Mathematical Mo&el of Sulfur Dioxide

Ocxidation in Plume Using the Monte Carlo Method

We consider the atmospheric volume into where sulfur dioxide and sulfate
aerosol quanta move at any given time. Mass balance of sulfur dioxide and sulfate

~ aerosol quanta in the cells is:

SOz,_ + SO4 ’in Soz, !”/yz,m + SO4 Saie (3.18)

\.,__. (i
(SO -+ SO4 SOf1 ), "-650!"304 y % 3.19)

where

z_ .
80,3804 5 = ta moving into cells,

2- 3
SO,,0 S04 50 = nta moving out of cells,

50,0504 50cc iogide ¢ nd sul fate derosol quanta accumulating into

od is based ﬁEquaﬁon (3.19). If mass
T
33 E“‘Q‘Wﬂ"ﬂ'@’ﬂ@'mﬂ%ﬁ}‘%’"ﬁ' B Y4l pipersion

Coefﬁ&ents in Comparison to Pasquill-Gifford Dispersion Coefficients

oxidation in plume using &1 Monte Carlo

The ﬁrinciple_ of evaluation of the simulated horizontal and vertical dispersion
coefficients is that the under curve aréas of the numerically calculated concentrations of
sulfur dioxide are close to the under curve areas of the empirical concentrations of
sulfur dioxide at the same criteria. There are 2 main procedures for ev;luation of the

simulated horizontal and vertical dispersion coefficients as illustrated below:
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-

3.3.1 Calculation of the empirical concentrations of sulfur dioxide
3.3.2 Calculation of the numerical concentrations of sulfur dioxide

Both of the calculation of sulfur dioxide concentration profiles are computed
for every atmospheric stability (Class A, B, C, D, E and F) at 1, 5 and 10 km
or‘lgenéulfur Dioxide

downwmd ﬁom the source.

3.3.1 Calculation of the E

b) let average 4,5,5, 2 and 2 m/s for

atmospheric stability ¢ tively (see Table 2.1).
¢) find the horiz ttical rsion ocfficients at 1, 5 and 10 km

V downwind from the source ery ats 1bi ity class from Pésqui]l—Giﬁ‘ord

' Gaussian plume equation
for a point source and ﬁ p am OTO ndﬁvel. The equation (Slade,

~ 1968) is defined as

ﬂc‘isdvﬁi ’Hﬁl%%‘i% orlp) 620)
were W’Wﬂ\‘iﬂ‘im EWI’TJV] g8 ¢

Cxy,z) = non-gaseous concentration downwmd from the source at position

X.Y,Z; (g/m?)
) Q = sulfur dioxide emission rate; (g/s)
u = average wind velocity; (m/s)
X = distance downwind frorﬁ the sdui‘cc; tm)
y | = distance horizontally frérﬁ the plume center line; (m)
z =

distance vertically from the plume center line; (m)
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S — horizontal and vertical dispersion coefficients, resp-cctive]y; (m)

e) the sulfur dioxide concentrations are computed by Equation (3.20) at any
given y distance (z=0) and at any given z distance (y=0). Afterwards the empirical
concentrations are multiplied by 106 for unit conversion from g/m? to g/cell. (1 cell =

106 m3)

d) lettmg average wind vcl:{c%ét ; 'ght be 2, 4,5, 5, 2. and 2 m/s for
,-f e o 2

€) assuming 7 [
error basis) for every atmgphen'c sta. ty class at 1, 5 andﬂO km downwind from the

" M NN TUEND T s e
MK IS T () Wi 1173 I

sk
in preceding section is equal to 500 g/s. -So one quantum is equal to Ltond

bl

g g of sulfur
00*t

dioxide.) The numerical concentrations are then multiplied by for unit

conversion from quanta/cell to g/cell.
g) comparing the under curve areas of the numerical concentrations of sulfur

dioxide with the under curve areas of the empirical concentrations of sulfur dioxide at
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any given y distance (z=0) and at any given z distance (y=0). If both concentration
profiles have similar under curve areas, the assumed horizontal and vertical dispersion
coefficients used are successful. On the contrary, if both concentration profiles have
not similar under curve areas, the horizontal and vertical dispersion coefficients are

reassumed until the under curve areas of the numerical concentration profiles fit closely

to the under curve areas of the empirical ];trauon profiles. :
3.4 Application of the Mathe cal Dlonde Oxidation in Plume
Using the Monte Ca?t ) wth Bangkok Pawes Plant

in Samut Prakarn

Before applying Plant, the mathematical

model of sulfur dioxid nte  Carlo method was

additionally integrated in th
Plume touching the ertical dispersion. We assume
that the ground acts as a p touches the ground. So the

-‘J_J‘-_ 7 T - - .
perfect reflection condition of plumie’is-added to'the step d) in item 3.1.1.2 as detailed

\

below:
e If a random number is l:ﬁ ‘

Ifthc new location is the nggative value, the ect reflection of new location equals

the absolute vﬂuﬂ%ﬂe’m bl ‘ﬁ BN
=% m;m mmmmﬁi i

new location duc to the perfect reﬂecuon
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3.5 Sensitivity Analysis of Chemical Reactions of the Mathematical Model of
Sulfur Dioxide Oxidation in Plume Using the Monte Carlo Method with a

Stack of the South Bangkok Power Plant in Samut Prakarn

There were 5 sulfur dioxide emission sources in the South Bangkok Power

Plant but only the 5% source emitted sulfur dioxide resulting from fuel oil combustion in

1988. So the data of the 5% sulfur &N'Won source are selected for simulation

as summerized in Table 3.2.

Table 3.2 The Data of t

i 4 ide ource (JICA, 1990)

joxide emission source

Parameters
Operating Hours
Annual SO, (m3/yr)
Flue Gas (m3hr)
Stack Height (m)
Stack Diameter(m)
Stack Exit Temperature (°

- * at25°C and 101.325 KPa

; and t(frljtudy sensitivity analysis of
chemical reactions of phyﬁ@;chexméal'mathgmancal model influencing on sulfate

s by Varﬁl L&k V0.8 Hogeill &me iron concentration,

temperature, relat:ve humidity and amndonia concentration.

Y WIANTNIEU mﬂ'}’}]ﬂﬁl’lﬁﬂ

Thé| interested volume of studying plume released from the St source is about

in comparison to the meagred sulfate co

 10x8.5x3.5 km. The following chemical reactions are used to analyze sulfur dioxide

oxidation in plume.

3.5.1 Brimblecombe and Spedding (1974)'s reaction rate is:

-d[SAV)]

+ = K[FedD][SAV)] (2.15)
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The parameters to be studied are

a) atmospheric stability class A, B, C, D, E and F which have wind velocities at stack
height being 2, 4, 5, 5, 2 and 2 m/s, respectively (see Table 2.1).

b) measured iron concentration being 1201 ng/m3 from JICA (1990) and high iron
concentration being 0.1 mg/m?3 (100 pg/m?3).

-d[(sltoz] (2.16)
The parameters to be studi
a) atmospheric stability ¢ oD a | i .ve wind velocities at stack
height being 2, 4, 5, 5, 2 an spestivaly ¢
b) measured iron concentratidn Being 1 ngm’® from JICA (1990) and high iron

¢) temperature being 20, 25 and 3

--l"r !“‘r"l:ﬂr"l g

d) relative hum1d1ty bqlgg 50, 70, 90, 95

€) ammonia-rich envi

ammonia concentratiox 30 00 ppb ([N'Iﬂ = constant)

xxzmﬁ%mmmm (
S A

in air available in Thailand. The values used here are thus based on very high side, but

the range of 10-80 ppb has been used for the sulfur dioxide oxidation study. (Behra et
-~ al, 1989) '

3.5.3 Ibusuki, Ohsawa and Takeuchi (1990)'s reaction rate is:

_d[i(tw 3} K[SAV)2[Fe]0S[H*] 0 7 2.17)
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The parameters to be studied are the same as item 3.5.2 except’item f).

-

For evaluation of simulated sulfate conccntfations in comparison to measured
sulfate concentrations, the measured sulfate concentrations in the dry season collected
by Andersen Sampler method are compared with the simulated sulfate concentrations
calculated from Freiberg (1974)'s reaction rate and Alkezweeny and Powell (1977)'s

reaction rate. The measured sulfur d sulfate concentrations in Bang Na

(MS1), located at 7 km away from tk ._ WS% as shown in Figure 3.4, are

summarized in Table 3.3. @clq' e‘-sn(ﬂ g by mathematical model and

Alkezweeny and Powell ( a rate of 0.1 per hour.

JNL IS S A )

¥ Phra Pradungj\ 7

-

q" Gulf of Thailand / Nalmnnl Road

av-r-vﬂ—v—r "1""”—"‘ L e ‘

233~

mﬁﬂmumm N

*MS3 Mineral Department Office
*MS4 Samut Prakam Provincial Office
*MSS5 Housing and Industrial Estate

'Figure 3.4 The Location of Survey Area
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Table 3.3 Measured Sulfur Dioxide and Sulfate Concentrations in Bang Na

e

(JICA, 1990)
Wind velocity (m/s) 2
SO (ppb) 8.4
SO4 (ng/m3) 4500
SO, ,reacted (ppb) 1.15
%Yield 13.67
In mathematical mod h@s computed by using Briggs
E—
(1969)'s Equation which is o —
(321
where
Ah = plume rise; (m) ' ‘,Ffjl '.
u = wind velocxty at stack held - Iy
g = gravitational
V, = stack gas exif) ~
d = stack dlamctcr;Ex)
s = absolute flue gas exit.temperature; (K) ,
1, - o b ok $65) 7] 5
= downwind distance from souzce; (m)

ARAINIUIVINEIAL, ...

As mentioned earlier, the program

oxidation in plume using the Monte Carlo method was written in C language and run

on the Unix-based minicomputer at Chulalongkorn University Unix Center, Faculty of

Engineering, Chulalongkorn University. Details of the programs ére listed in Appendix

A



55

The results of the mathematical model simulations are presented in the form of
%yield (percent of sulfate formation per sulfur dioxide emission) VS time. In
ammonia-deficient environment case, sulfur dioxide, remaining ammonia and sulfate

‘concentration profiles as functions of y and z distances are also shown.

Auidneninens
AR TN



	Chapter III Methodology
	Development of Mathematical Model of Sulfur Dioxide Oxidation in Plume Using the Monte Carlo Method
	Verification of Mass Conservation of Mathematical Model of Sulfur Dioxide Oxidation in Plume Using the Monte Carlo Method
	Evaluation of the Values of the Simulated Horizontal and Vertical Dispersion Coefficients in Comparison to Pasquill-Gifford Dispersion Coefficients
	Application of the Mathematical Model of Sulfur Dioxide Oxidation in Plume Using the Monte Carlo Method to A Stack of the South Bangkok Power Plant in Samut Prakarn
	Sensitivity Analysis of Chemical Reactions of the Mathematical Model of Sulfur Dioxide Oxidation in Plume Using the Monte Carlo Method with A Stack of the South Bangkok Power Plant in Samut Prakarn


