CHAPTER 7

APPLICATION OF PRESENT MODEL TO STONE PROCESSING
ZONE IN SARABURI

The fugitive dust with diamateryless than 10 micrometer (PM,;o) from

numerous stone processing p

which abounds with superior-lime aﬁdustcred in Thumbol Na Pra
- T —

—

Laan and the vicinity. proc¢essing plants located in Na

Pra Laan and vicinit ‘particulate concentration

with fugitive dust fr i 855 @ : | the tran tation of final products.

0 OO@IIVC The topographical
contours of the area, dctual source or ﬁhnt locations and selected receptor

positions are ﬁlu EJFQ Mﬁl %ﬂ% w %l{m ﬁ is only one single

monitorin ﬁstatlon for the amibient PM,g, concentrations belonging to

Depariterdor| B} Ochidid b biY itk lenotogy and

Env1ronment Thailand, a variety of receptor points are selected in the

kilometers in whicbmwer a popula

simulation. Since the values of all model inputs (e.g. wind speed and direction)
and parameters (e.g. horizontal and vertical dispersion coefficients) are not
allowed to vary with time during each simulation run, and since the initial
values of the PM,, at the start of each simulation are arbitrarily set as zero, it is

decided to focus on the 1-hr-averaged concentration observed after the system
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has approached a steady state. From Figure 7.2, it is obvious that by the third
hour the system has become steady.

As discussed in Chapter 6, besides wind direction and wind speed, the
atmospheric stability is one of the most important factors affecting the
predicted air pollutant concentration in mountainous area, while the vertical
dispersion coefficient inversely reflects the stability level. A low vertical
dispersion coefficient will result from an increase in the stability of the
/ ts of wind direction, wind speed
& ed. First, wind direction and

speed data collected by PO 1tro nt at Na Pra Laan receptor

atmospheric condition. In thi

point during January-M 000 el sed o e for the prevalent wind
period, it is found that the
f 180-225 degrees and 0-

1265,0
he stability class of the area

and the mixing height'are/disbussed in the,seetion 7.1:1 and 7.1.2

during January-Ma -.

symbols A, B, C, Dl
moderately unstable, slightly unstable, neutral, sh%titly stable, and moderately

stable classes u ﬂ Q 3’] ﬂm‘smnﬂs ﬂ ‘jtmosphenc stability

class of the stud area is moderatély stable or K class. In the gase of the stable

atmosaew qraﬁlﬂhﬁ @Jzﬂ%@%w Br}a Elm"d vertical

dlsperswn coefficient may be assigned the values of 200 and 1 m?/s,

respe@/ely, extremely unstable,

respectively, as recommended by Prof. Y.Takemoto(1997).

7.1.2. Mixing Height

Because there is no mixing height data in the area of study, the mixing

height data of Bangkok is used to represent that of Saraburi. From historical
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mixing height data observed at the monitoring station of Thailand
Meteorological Department in Bangkok from January 2000 to March 2000, the
average mixing height is 1,022 m above the ground. So, in this study the height
of the simulated study area covers 1,000 m above the ground. Anyway, because
the heights of most of the sources and receptors is just 10 m above the ground,
the effect of the mixing height is comparatively insignificant when compared
with the others. By the way, the mixing height data of the area during January-

March, 2000, is given in the Apper (

AUEINYNTNEINS
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7.2 Additional assumptions used in the present case study
In addition to the assumptions used in the development of the model, the
additional assumptions are as follows:
1. In the study, each stone crushing plant is assumed to be equivalent
to a point source.
2. The equivalent stack height, or release height, of each point source is

assumed to be about 10 meter above the ground, which is about a half of the

typical height of the stone-c The dimensions of the surveyed

typical stone-processing p ‘et al.,, 1999) where the main

multiplication produ en . ‘ itable emission factor and the plant
production capacity. Tk i _. j sed in this work was taken

from the U.S. EPA AP- joumnent. In Table E.11, the U.S. EPA emission

73 Evaluatﬁ ﬂ:é@ﬂﬁﬁw El"afﬂ ‘3

In orderifo evaluate the sui ogbxhty of the values of the parameters of the

modelﬂeﬁﬁﬂﬂm EH:M m lfﬁ‘pavﬂlaw of 0.55,

the horizontal dispersion coef /s and the vertical dispersion

is shown in Appendlfj;:.

coefficient of 1 m%s as well as emission factor of 0.5275 are used along with
the assumption that there were ineffective or no dust suppression systems in
use. Figure G.2 of Appendix G compares the 1-hr average ambient

concentration of PM,, predicted by the model at the receptor height of 10 meter
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above the ground with its counterpart concentration measured at the monitoring
station in Na Pra Laan area during January 6-12, 2000. Figure G.3 of Appendix
G compares the 24-hr-average ambient concentration of PM,, predicted by the
model at the receptor height of 10 meter above the ground with its counterpart
concentration measured at the monitoring station in Na Pra Laan area during
January 6-12, 2000. )

In Figure G.2, the predicted 1-hr predicted average concentration of

PM10 from the model is fo H f it significant deviation from the
measured data due to the d and direction as well as the
dispersion of fugitive

. . 5 » p-from '*tlvq than the stone crushing
activity. Nevertheless, thesprc : hr predicted average concentration of

n Figure G.3. Consequently,

these parameters are relié : ient PM,, concentration

According to the eric stability, wind speed
and wind direction as al data, the change in the
predicted PM;, concentra aused by a'sh the factors i.e. wind speed,

wind direction and atmosphé.n@‘ﬁta y from. the prevalent values of during

simulation conditions used to mvestlgate the effect of these factors are as

sovnin T wE A I NYINS
Table@wwmm’ AT

Main factor

Range 5
Ky (m/s) | WD (degrees) E = WS (m/s)

Minimum 1 179 0.5

Maximum 10 239 2
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Note that the wind speeds specified in Table 7.1 are at a height of 10

meter above the ground.

Table 7.2 Simulation conditions used to investigate the effects of the

significant factors

Simulation condition

Number of grid points in the x, an 7,/ egtions | 19x21x15
S\//7s_

Grid size (Ax, Ay, AZ) 500, 50, 500 m.

et

Reynolds no. 1000

Exponent of the powe ////‘\\\‘\\\\ L0.55
7/

Integration step size(4 H\\\ “‘\‘ .25 sec.

o e
f d‘lls:L id

P3, P4, P6 and P8 will bediseussed: '~ -
DA

*},4. ik

7.4 Boundary conditions of the mods

In section 7.3, the si ctors on receptors P1, P2,

- -

As for the bous o 1?- are set in 2 step as

follows: m m

For wind profile €aleulation:

o PRSI AT W UENT vt the physic

and transformeaﬂ spaces are zero. «

AR RNA T2 HBAINEIN N Rt vy
power la‘v and the vertical component v is assigned to be zero.

-At planes i=1 and imax , u and w in the physical space are also those
estimated by the power law and v is also zero.

-At planes k=1 and kmax , u and w in the physical space are also those

estimated by the power law and v is also zero.
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At planes i=1, i= imax, k=1, and k= kmax, the air pressure is assigned to

atmospheric pressure and the air temperature is 30 °C.

The boundary conditions for the concentration are as follows:

-C=0,at x =— ATX ( 0<z<zmax, 0<y<ymax)

-C=0,at X =Xpax *+ ax ( 0<z<zmax, 0<y<ymax)

= == , 0<y<ymax)
-C=0, 0<y<ymax)
-C=

4 = ,(“ A ‘ z A
T—— Vl‘|| \
_ C s & f L l"' X X] x, <Z<ZmaX)

-

-The fugiti fod assUr iedito be released from each plant as a

point source which appearg'in th€ fiultiplé=sourc term as Q in equation.4.5.

7.5 Effects of chipgés in signific: nt n # predicted 1-hour
N

concentration at V7

] m
The effec oﬂﬂﬁdﬂi tion, Vﬁ : F d vertical dispersion
coefficient aaﬁ infer iﬁﬂrﬁt ﬂﬂtﬁ%hr-averagcd PM,,
concentration at the receptor poilﬁs of interestsespecially P1aP2, P3, and P4,
are diﬂl ’lla\iﬂ tﬁxmmmggn Hh:,]augsj used in all
simulati?)n cases are listed in Table 7.3. In this study, wind directions of 239,
225, 209, and 179 degrees from the north are displayed as wind directions of

59, 45, 29 and —1 degrees with respect to zero direction or from the south,

respectively. For the sake of brevity, the change in the horizontal dispersion
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coefficient and one of the other factors, wind direction, speed or vertical

dispersion coefficient are given in Appendix F.

Table 7.3 Values of the factors used to investigate the predicted 1-hr-averaged

PM,, concentration at various receptor points.

Vertical

Case Horizontal
dispersion | d
coefficien:

WD-Effect
WS-Effect
Ky-Effect
Ky-Effect

Wind Wind speed
direction (m/s)
 (degrees)

1

1

1

1
0.25
0.5

1

2

1

1

1

1

1

1
0.5

[E VTR
J 50 ¢ 1 - 0.5
\ F g | L s
YANANAIPHNRIIND 1Y,
! 200 1 29 0.5
200 1 29 0.25
WD&WS- 200 1 29 0.5
Effect 200 1 29 1
200 1 29 2




Table 7.3 (Cont.) Values of the factors used to investigate the predicted 1-

hr-averaged PM, concentration at various receptor points.

Case Horizontal Vertical Wind Wind speed
dispersion dispersion direction (m/s)
coefficient coefficient (degrees)

(m?/s) (m*/s)
WD&WS- 200 45 0.25

Effect 200 45 0.5

200 1
2
WD&WS- 0.25
Effect 0.5
WD&Ky-
Effect

d

[ T S e T T e e e e e e e e 1 S




Table 7.3 (Cont.) Values of the factors used to investigate the predicted 1-

hr-averaged PM,, concentration at various receptor points.

Case Horizontal Vertical Wind Wind speed
dispersion dispersion | direction (m/s)
coefficient coefficient | (degrees)

(m?/s) (m%/s)
WD&Ky- 200 o 59 1

Effect 200 1

200 1

1

1

1

0.5

0.5

0.5

0.5

WS&Ky- 0.5
Effect 0.5

ﬂwgw 3

aw*m@mm uim'"

200
200
200

10

'ﬂﬁ']cﬂ

29
29
29

"4

d

NN NN N
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Table 7.3 (Cont.) Values of the factors used to investigate the predicted 1-

hr-averaged PM,, concentration at various receptor points.

Horizontal Vertical Wind Wind speed
Case dispersion dispersion | direction (m/s)
: coefficient coefficient | (degrees)
(m*/s) (m’/s)
20 1 29 0.5
29 0.5
0.5
0.5
WD&K ;- 02
Effect 0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
e 05
, ,,f 0.5
I 29 0.5
50 v 2 0.5
IUHANENING DS o
150 ¢ 1 d 29 |o 05
WS hwqa,%ﬂ %gﬁlg H_ﬂ*"‘"‘ S5
Efa : 29 1
50 i 29 1
100 1 29 1
150 1 29 1
200 1 29 1
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Table 7.3 (Cont.) Values of the factors used to investigate the predicted 1-

hr-averaged PM, concentration at various receptor points.

Case Horizontal Vertical Wind | Wind speed
dispersion dispersion | direction (m/s)
coefficient coefficient | (degrees)

(m%/s) (m*/s)
20 29 2
50 SuENNRNY | 29 2
00— e, 29 2
' 29 2
2
E.F.-Effect 1

AUEINENINeINg
RINNTUUNIN Y
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7.5.1 Change in wind direction

Figure 7.3 illustrates that shifting the wind direction increases the
predicted average concentration at receptor Pl since the cluster of stone
processing plants in the southwest direction of P1 shows a more direct by
downwind effect as the wind direction shifts from -1 to 59 degrees. It is

should be noted the area where those plants are located has relatively small

ees, the predicted average

_‘
for the wind directiorane' Of 4%

concentration appears to_behi 7// onsequently, the most significant wind
3. 9

difference in height. So the e ain when the wind direction is

smaller than 45 degrees is d direction is higher. In fact,

direction for receptor P Lliesdn t degrees. Similar to receptor

NN

P1, the predicted average congentra; on ‘at recepto rapidly increases as the

wind direction shifts aw: Qm(;g sou h. From Figure 7.4, the most
nt T \

significant wind direefionfmay be mote than 60, degrees with respect to the

south, since the rece ‘to the north of the stone processin
Y p g

plants. In contrast Figure 7. 3&_@; “predicted average concentration at

receptor P3 drops signiﬁ‘,_ﬁ by A m 190 80 _pg/m’ as the wind direction

r wind direction of —1

shifts from —1 to 59 h respect to the scuth. 16
Y |

degrees the ﬁ.lgitive : g plants is transported more

directly to receptor P3 than the other wmd dlrectlons As shown in Figure 7.6,

the wind dir ﬁlﬂ}y ﬁ‘ w concentration at

receptor P4. This implies that in the range of wind 1rectlon mvest1gated the

ambxena\’ﬁaqumﬁf gﬁﬂoﬁ u]bal'vf hanism than
i avhhiaG:

the convec
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Figure 7.4 The change in predicted average concentration at Receptor P2 by

the shift of wind direction
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Figure 7.6 The change in predicted average concentration at Receptor P4 by

the shift of wind direction
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7.5.2 Change in wind speed

Figure 7.7 illustrates that the predicted average PMj,concentration at
receptor P1 decreases by less than 10 Lig/m’ as the wind speed increases to 2
m/s. In contrast, the increasing wind speed dramatically decreases the predicted
average concentration at receptor P2, as shown in Figure 7.8. So does it at
receptor P4 in Figure 7.10. Meanwhile, the predicted average concentration at

es from 110 to 190 pg/m’. In the
élo from the cluster of stone

3 because of its location.

receptor P3 in Figure 7.9 substantially
p g ..\v“\r\\\ .

case of wind direction of 29 degrees,
processing plants is dire
o plume width, so the

ever, P1, P2, and P4 are

As expected, a highes
concentration at P; along
not located directly in_ghe vind path o \\ o plume dispersing from

the stone processing plag

120
110 |
100 -
90 {2 L A,
T 80 | LA Py
3 70 "‘“% - R
R LU T slnns
S BT
 a v
AN INE

0 0.5 1 1.5 2 2.5
WIND SPEED (m/s)

Figure 7.7 The change in predicted average concentration at Receptor P1 by

the change in wind speed (wind direction 29 degrees)
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Figure 7.9 The change in predicted average concentration at Receptor P3 by

the change in wind speed (wind direction 29 degrees)
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7.5.3 Change in the vertical dispersion coefficient

Figures 7.11 to 7.14 reveal that an increase in the vertical dispersion
coefficient seems to dramatically decrease the predicted average concentration
at receptors P1, P2, P3 and P4. The predicted average concentration drops from
65 to 10 pg/m’, from 90 to 10 ug/m’, from 140 to 20 pg/m’ and from 80 to 35

pg/m’ at receptors P1, P2, P3 and P respectively. As mentioned before, the

vertical dispersion coefficient invers ects the level of stability of
atmospheric condition. As a result, i gncluded that the higher the

vertical dispersion coefficicnisthe less stal “"i-T-I;L- ospheric stability, and the

lower the predicted avgiage efration at all receptors of interest located 10

90 |
80 |

~60 1

£ 50 1 &

S40 | ° _

) 30 __,m,‘, | A

2qumnam WHIE
ammmzuym'mmay

Figure 7.11 The change in the predicted average concentration at Receptor P1

by change in the vertical dispersion coefficient (Ky) (wind direction 29 degrees
and wind speed 1 m/s)
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Figure 7.12 The chang e predicted vs;_ concentration at Receptor P2
by change in the vertieal diSpersic fl \\t\k wind direction 29 degrees

and wind speed 1 m/s
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Figure 7.13 The change in the predicted average concentration at Receptor P3

by change in the vertical dispersion coefficient (Ky) (wind direction 29 degrees

and wind speed 1 m/s)
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7.5.4 Change in wind direction and wind speed

From the discussion of the individual change in wind direction in
section 7.5.1, the most significant wind direction for receptor P1 is in the range
of 45 and 59 degrees. Figure 7.15 illustrates that for wind direction of 59
degrees the predicted average concentration tends to stabilize at wind speed

higher than 2 m/s whereas for wind direction of 45 degrees, the predicted

average concentration tends o ind speed higher than 2 m/s. In

case of wind direction of the wind speed decreases the
predicted average con ind direction the spread of the
fugitive dust to the rec ersion mechanism more than
the convection mech locatlons of major stone
processing plants affe eceptor P1 all lie in the
southeast of the rec

In Figure 7 : the predicted average
concentration at rece aty de rea“, as the wind speed increases,
since the wind in the all ws away from receptor P,. As for
receptor P3, the | --_,,3,-,,1?#: se coneentration rapidly increases in wind
direction of 29 degrees fion of 59 degrees and

seems to stabilize 15 s shown in Figure 7.17,

' *@f
because of its locatln Flgure 7.18 shows that at receptor P4, only the wind

e A ey
Q‘W']ﬂﬂﬂiiu UA13NYNAY
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Figure 7.16 The change in the predicted average concentration at Receptor P2

by the change in wind speed (WS) at various wind directions
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Figure 7.18 The change in the predicted average concentration at Receptor P4

by the change in wind speed (WS) at various wind directions
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7.5.5 Change in wind direction and vertical dispersion coefficient

Figure 7.19 illustrates that the predicted average concentration at
receptor P1 rapidly decreases as the vertical dispersion coefficient increases in
all wind directions. In fact, in the wind directions of -1, 45 and 59 degrees, the
predicted average concentration is higher than that in wind direction of 29

degrees because in the former the wind tends to flow from the stone processing

plants toward to receptor P1.

Figure 7.20 illustrates  that the @d average concentration at

receptor P2 substantiall DS AS @rsion coefficient increases

Similar to recepto vertical d Spersion coefficient shows the same
' kceptor P3 in all wind
jor disagreement between the
two receptors is the revefse/effect of ind direction on the predicted
average concentration at the ',‘ r§7e

In Figure 7.22; tt z % again has a strongly

U

hereas the wind direction secins to have only a small

negative effect on tion at P4 in all wind

directions of interest Vv 8

) £ Qs ; -
influence becﬂﬂ kg ﬁﬂjw Ej 611 n directions and the
depends more on t

predicted PM,gq¢oncentration a e dispersion than the

RN UM INIAY
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Figure 7.19 The change i i , centration at Receptor P1

by the change in the vertj r various wind directions
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Figure 720 The change in the predicted average concentration at Receptor P2

by the change in the vertical dispersion coefficient for various wind directions
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Figure 7.22 The change in the predicted average concentration at Receptor P4

by the change in the vertical dispersion coefficient for various wind directions
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7.5.6 Change in wind speed and vertical dispersion coefficient

As shown in Figure 7.23, at all wind speeds the predicted average
concentration at receptor P1 decreases as Ky increases but the change in the
wind speed hardly has any influence on the predicted concentration. Since the
wind direction of 29 degrees does not flow from the source directly toward the
receptor, the PM,, concentration results from the dispersion rather than
convection mechanism. Figure 7 tes that as the vertical dispersion
coefficient increases at wind " \ @0 5 m/s the predicted average

concentration at receptor-P2-rapid t the wind speed of 2 m/s

there is little effect on thes@Vefage conc i Agaln the wind direction
i _coefficient has no effect
at the high wind spec¢ ¢t : : transport dominates the
dispersion phenome on. .I the vertical dispersion
coefficient again dra average concentration at
the receptor at all wind s In addition a higher wind
speed has positive effect ¢ pecially under highly stable

atmospheric condition (sm ersion coefficient), in which the

v ates that the predicted

average concentration at receptor P4 gradually decreases as Ky increases or as

wind speed i 1n ﬂ m 311 md the receptor and
the receptor is located on the lee 51 e Consequently, the concentration at the

AR PSRN Wm aha
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Figure 7.23 The charige | \o\ entration at Receptor P1

by the change in t at various wind speeds
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Figure 7.24 The change in the predicted average concentration at Receptor P2
by the change in the vertical dispersion coefficient at various wind speeds

(wind direction 29 degrees)
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Figure 7.25 The chan opredicte \\\-\ ancentration at Receptor P3
' coefficient at various wind speeds
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Figure 7.26 The change in the predicted average concentration at Receptor P4
by the change in the vertical dispersion coefficient at various wind speeds

(wind direction 29 degrees)2
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7.6 Effect of emission factor

In this study, the emission factor (E.F.) used to estimate the dust
emission rate of stone crushing plants in the area of interest is 0.05275 kg/ton
as shown in Appendix E. Table 7.4 shows that the predicted average
concentration is doubled when the emission factor increases by 2 times

(E.F.=0.1055) and is halved when the emission factor is reduced by half

(E.F.=0.02638). Therefore, it ‘ d that the change in the predicted
' sion factor, or more chrectly,

M, at all receptors for

N

average concentration is

Receptor Predi &’ﬁm.f . tion (ug/m”)
Point | pp-005295 ¢ E. 6 E.F.=0.1055
AT
1 64.3088° 1 128.6175
2 4.731 178.9265
3 145.8 287.6570
4 810012 40.5006 162.0024
5 220 11100 | f|@40064
6 2.2290 LIS | 44381
O IRE
g 194.2690 97.1345 388.5379
9 7.6415 3.8208 15.2831
10 154.7569 77.3785 309.5137
11 0.0000 0.0000 0.0000
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In conclusion, when the atmospheric stability increases, the predicted
average concentration at all receptors also increases. As for receptor P1, the
most significant wind direction lies in the range of 45-59 degrees and the
highest wind speed has the most significant effect. In contrast, at receptor P2
the lowest wind speed and the wind direction greater than 59 degrees have the

most significant effect. However, the predicted average concentration at

receptor P2 nearly exceeds the ai itysstandard (120 ug/m3). The smallest
wind direction and the highest wi most significant effect on the
predicted average conc *Generally the various wind
directions do not cau G | nee in the predicted average
concentration at rece d 'speed condition has the most

significant effect.

7.7. The Effect ‘~- ons on the predicted

concentration r Eﬁ-\
}ga ‘-JJ

- J"i"

To prove that the dary condition (B.C.) made

in the previous s piations—is—appropriate;—t tion results from the

previous section are Bm ; \ﬂth a change in the type of

downwind boundary cgndmons

i B YT HIR97) 3

=0,at x = éé ( 0<z<zmax, 0<y<ymax)gs
NN IWYAING Y
- at X =Xpax +— <z<zmax, 0<y<ymax

-C=0,at Z =- —%{ ( O<x<xmax, 0<y<ymax)

-C=0,at Z =2, + % ( 0<x<xmax, 0<y<ymax)
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-C=0,at¥V=- A7y ( 0<x<xmax, 0<z<zmax)

-C=0,at Y=y + ATV ( 0<x<xmax, 0<z<zmax)

In the case of changed downwind B.C., the boundary conditions are as

follows:

-( P *“m \\\H\ 0<y<ymax)

-C= J ‘.r 0<Z<Zmax)

RERER s VB )

]

]
AW

¢ o

From ﬁjj H wﬂ;ﬂfwﬂ mfﬂuﬂge in the type of

downwind boundary conditions does not significantly affect the predicted

" TR0 UM INA Y
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Table 7.5 The predicted average concentration of PM,, at all receptors for the

changed and unchanged downwind boundary conditions (B.C.)

Predicted average concentration (pg/m3)

Resenion Wind speed = 2.0m/s Wind speed = 0.5m/s
roint | Unchanged [Changed BC. Unchanged [ Changed B.C.
B.C. \\I// B.C.
1 61.2100 |- ‘M‘LWVJ 064 66.2964
2 8.9413 _:___}ﬁ. 094 146.9094
3 188.2658 P;jﬂ“\» 125.3451
4 58.1558 (i//ﬁ’\\ \\\ 101.6529
5 0.0000 /f ". ﬂkﬁ\ \x WO
: oA '% 7 doig2 40182
i 00000" H&, b4 9291 92912
8 162.9093 w 208.4388
9 5.3353 YT
10 154. 149.2939
- J00¢ =1 0.0234

ﬂ‘UEJ’J'VIW]iWEI’]ﬂ‘i
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