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Abstracts

The Gaussian assumption on lateral impurities concentration distribution of continuous single-
plume at long distances on mesoscale is examined with data obtained at Mt, Isa, Australia for
3 years. In flat terrain the average of skewness of lateral impurities concentration profiles at
various distances is zero and the wvalue of skewness for successive plume varies significantly
with distance but varies around zero. The profiles are somewhat flatter than Gaussian distribu-

tion. The kurtosis of them appears not to be significantly affected by terrain as long as plumes
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1. Introduction

Dispersion models do not yet include compr-
chensive mesoscale metsorological features. 121

As well known, K theory, similarity theory
and statistical theory expressing lateral disp-
ersion of atmospheric pollutants are based on
assumptions of steady state conditicns, homog-
eneous flow end statistical Gaussian forms for

the lateral distribution of pollutants.’¥'® How-

ever, steady state conditions of fusion do

not pertain over long time pericd and some
‘treatments based on an assumption of steady
State condition may not be applied in mesoscale
diffusicn.

Vertical plume concentrotion distribution has
bezn found te become more flatter as the travel
distarnice increages,®1”

Though a careful analysis of the Project
(Grass data by Barad, M.L. and D.A.

significant

Prairie
Haugen(1959)7 has indicuted that
departures from Gaussicn concentration dist-
ributions do occur, as a practical matter the
‘Gaussian assumption on lateral concentration

istribution ot short distances is acceptable.®®

However, the variation of normality of lat-
eral impurities concentration profile with dis-
tance has not been generulized yet.

This paper concentrates on the generulization
of variation of normality of lateral concentrat-
jon vrofile of continuous plumes with distance.

9. Literature review

The profiles of nuclear clouds tzken in the

range 1,000 to 1,760 n.mi. at altitude 8, 000~
e found

15, 000 feet above mean sea level wer
to be very nearly Gaussian-shaped <t to at
least 3 Gy, at which point the rudionctivity
would be only one % of the peak.'™

Hinds, W.T.(1970)'” found that

series of plume diffusion studies in relatively

through a

mountainous terrain in California in the range
of 1 to 10km,
1

lateral plume concentration disiribation was

the average Kurtosic of the

3.1, compared to the Gaussian value of 3.0,

whereas, the average skewness of & plumes

compared to the Gauss value of

was 0. 65,

Zero.
Brown, R.N.

shearing action of wind tends to elongate and

et al(1972)® found that a

tilt or skew stable palls at distances 10km

and the wind shear action was stromg enough
to separate palls into cells at a distance 50 km.

The more or less homogeneous ¢t ure of

the palls changed radically beyond 25 kin and
there were appreciable variations inn the con-
centration distribution within the palls.

Arcording to Whaley, . et al(1976),'” under
an elevuted inversion continuous plume during
normal operation of plant was single one hav-
ing uniform lateral concentration profiles, while
batch vlume during emergency ilaring was
bifurcated one having dual layered concentrat-
ion profiles.

The normality of lateral concentration profile
was found to be independent of wind velocity

for neutral atmospheric stability.”
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Fig. 1. Altifude within 10 km from source in various wind bearing.

Table 1. Altitude at

every 10 km distance in various wind bearmg

“Dist. (k) | T Dist(m) |
20 50 43 53 ) {20 20 49 50
_Bearing(® ) - \ ‘ Bedrlng( ) e ]

: .
229 g 410m  290m  450m  310m ; 270 | 380m 359m  320m 510m
230 | 400m  390m  250m  3l0m l 280 E 490m 350m  340m 310 m

- ] T {
Z4G | 490 570m  380m  310m ‘ 290 £ 380m 360m  360m  330m
[ _ . R
CEG ! 260w 250m 240m S510m i 300 k 280m 370m  390m  ZZ0m
260 i fom o 259m  310m ] 510 | 280m 370m  3Hom s0m

. 3.2 Effective roughness length
3. Terrain

The digpersion coefficients depend on the
aerodynamic roughness of the surface, but no

isiribution of aliftude of plume

3.1

study area

Altitude within 10 km
o km digtanc

ing are expressed in Fig.

from source and that
in varicus wind bear-
1 and Tabie 1.

gource is similar

at every 10

Terrain over G0km from

to that within 50 km.

convenient method exists for determining this
relationship.t?

Anyhow the effective roughness length{the
roughness length which homogeneous terrain
would have in order to produce the correct
space average downw=zrd flux of momentum

near the ground, with & given wind near the

HWAHAK KONGBAK Vol. 17, No 5, October 1979
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ground) of the plume survey darea may range
0.42(plairs) to ¢.99(low mountain).?”

4. Stability and synoptic weather

4.1 Stability

4.1.1 Vertical temperature distribution

Vertical temperature profile at plume survey
arez obtained by using a helicopter are as

shown in Fig. 2-1~Fig. 2-6.

4.1.2 Mixing height

Figures of the height of inversion layer at
night, obtained with acoustic sounder, are as
shown in Fig. 7,

4.1.3 Pasquill’s stability

Pasquill’s stability classes durine

~ =4

daytimes
were determined by the available data of

June, 1977

insolation and wind speed at 10m height
are listed in Table

and

“
=1

4.2 Syneptic weather maps

Synoptic weather maps on days when diffus-
ion experiments were conducted over 10km
distance are shown in Fig. 4-1~Fig. 4-123.

Above maps were taken from “Monthly
Weather Review {Queensland)”.

High pressure systems locate around Mt. Isa,
plume sarvey area on all experiment days and
it should be noted that subsidence inversion,

may take place in such cases.

5. Lateral dispersion data and the
normality of lateral
concentration profiles

impurities

Lateral short terin impurities concentration

HWAHTAK KONGHAK Vol 17, No 5, Qctober 1978
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Fig. 4-1. Syneptic weather map on 12th, May.
1675

1975
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Fig. 4-4. Synoptic weather map on 16th, June,

Fig. 4-3. Synoptic weather map on 22nd, July,
1976

1975

Fig. 4-6. Synoptic weather map cn 18th, June,

Fig. 4-5. Synoptic weaiher map on 17th, June.
1976

1976
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Table 2. Pasquill’s Stahility Classes
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Scale; 500 km

Fig. 4-13. Synoptic weather map on 1% th, Aug.,
1977.

profiles were chizined by usirg COSPLEC (Co-
rrelation Spectremeter), Nephelometer or THM
(Total Sulphur Meter) mounted in 2 piane or
a car. The standard deviations of lateral epre-
ad of plumes, ¢, were caleulated i

equation(1). In order to test the normality o

lateral impurities concentration rrofile

& kurtosis, 7-

ness, 7 and excessi

lated Dby wus equﬁtiﬁn(it, and eqo

respectively.

sttt HITH M5 3 1979 108

S mi—x)E e N

e (D
Ci

end of

where x;=lateral distance from an

plume.
ci=impurities concentration.
J428 o
71»——“”?1.5 ( 3

=t —3 2

where pu=

Culeulntion results for distances over 10 km

are listed in Talle 3-1~Tadle 3-5.
6. Anzalysis of data

6.1 Variation ¢f skewness of lateral im
purities concentration profiles with

disiance
Average value of skewness of 65 luterad

ST

utzble -

concentration profiles is about 0.1 as
in Iig. 0,

to nearly ideu

and it 1 to be attri

Wy flat
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Table 3-1. Dispersion data and normality of lateral impurities concentration profile

Date Time Plume | Distance | Altitude | Sampling Equipment Oy 71 72
bearing from of time employed
source traverse
) (km) (km) (min.) (kem)
1975.5.12 | 08:28 295 38.8 0.25 1.6 Nephelometer 0.87 ! —0.08 | —0.80
1975 5.14 | 08:30 310 11.0 0.18 0.4 Nephelometer 0.25 | —0.45 1 —0.65
08 :38 318 11.7 0.08 0.5 COSPEC 0.31 0.50 1 —0.61
08 :42 317 25.1 0.20 0.5 COSPEC 0.27 | —0.01 ! —0.53
1975 7.12} 08 :51 265 13.1 0.08 0.8 COSPEC 0.55 | —0.54 0.70
09 :02 260 31.1 0.03 1.8 COSPEC 0.85 1.06 1.23
09:13 260 69.0 0.03 2.0 COSPEC 1.19 0.45; —0.41
10:05 265 109.0 0.03 2.5 COSPEC 1.67 0.21 0.96
10 : 53 260 154.0 0.03 5.0 COSPEC 2.50 0.70 | —0.55
1976 6.16 | 11:14 250 33.0 0.12 1.9 TSM 1.19 0.19 1 —0.88
11:55 35 107.2 0.12 3.0 TSM 1.84 0.10 | —0.88
12:10 35 107.1 0.12 3.5 TSM 2.15 | —0.11 | —0.56
1976 6.17 | 10:15 302 51.8 0.12 1.5 COSPEC 0. 87 0.60 | —0.40
10:22 305 52.1 0.28 1.7 COSPEC 1.25% —0.47 1 —0.351
Table 3-2. Dispersion data and normality of lateral impurifies concentralion profile
Date Time Plume | Distance | Altitude | Sampling Eyquipoent ay 71 72
bearing from of tirme employed
source traverse
(@) (kkm) (km) (min.) (km)
1976 6.17 | 10: 30 303 50.8 0.45 1.7 COSPEC 1.42 0.45 | —0.70
10 : 48 300 23.2 0.18 1.3 COSPEC 0.7 0.22 | —0.94
10 : 56 302 23.4 0.45 1.3 COSPEC 0. 88 0.02{ —0.75
11:18 306 20.3 0.15 1.2 COSPEC 0.65 | —0.11 | —0.82
1976 6.18 | 09:2 305 24.3 0.15 1.3 COSPEC 0.76 0.821 —0.20
09 : 31 298 23.8 0.28 1.2 COSPEC 0.69 | —0.28 0.17
09:3 304 24.5 0.45 1.4 COSPEC 0.62 0. 64 0.11
1976 2. 3| 11:00 23.0 0.32 COSPEC 10.11 | —0.59 : —1.00
14 : 00 23.0 0.55 COSPEC 3.66 | —0.02 | —0.62
17:00 230.0 0.83 COSPEC 4.06 | —0.02 | —0.61
17 : 00 230.0 0.83 COSPEC 6.00 | —0.04 | —0.48
1977 6.16 | 13:03 223 84.3 0.08 4.0 COSPEC 2.52 0.09 | —0.72
13:22 210 35.0 0,17 2.0 COSPEC 1.21 0.231 —0.92

force is very small.

. .. 6.2 Variation ¢f kuriosis of lateral im-
Fig. 6 indicates that the skewness of lateral

. o . . . purities concentration profiles with
impurities concentration profile of successive

e e . . . distance
plume significantly varies with distance but

moves around zero. Average value of kurtosis of 115 lateral

HWAHAK KONGHAK Vel. 17, No 5, Octboer 197%
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Table 2 3 Dispersion data and normality of lateral impurities concentration profile
Date Time Plume | Distance | Altitude | Sampling Equipment cy 1 72
bearing from of time employed
source traverse
®) (km) (km) (min.) (km)
1977 6.17 | 141z 210 | 3.0 | 0.17 2.0 COSPEC 1.99 | 0.350 | —0.69
i4 145 230 .5 0.15 7.0 COSPEC 4.65 0.15 | —0.87
15108 225 | 1 0.08 1.5 COSPEC 8.44 0.39 | —0.88
150 22 933 | 125.5 0.25 10.5 COSPEC 7.65 | —0.48 | —0.73
16 : 50 23 2.5 0.08 7.0 COSPEC 4.34 0.221 —0.65
17 107 23 52.5 6.12 3.3 COSPEC 1.56 | ~0.03 1 —0.13
17017 23 55.9 0.22 2.5 COSPEC 1.99 C.57 ) —0.85
1977 6.18 7 11:30 205 96. 1 0.8 6.0 TSM 4.13 0.97 0.53
1977 6.19 15019 325 57.7 0.352 5.8 TSM 3.60 0.38 | —0.33
15:35 334 114.3 0.13 7.0 TSM 4.75 0.16 ;| —0.81
1615 225 182.4 0.37 10.0 TSM 5. 82 0.40 1 —0.63
16130 32 1820 | 0.36 10.0 TSM 5. 81 0.12 | —0.65
Table 3-4 Dispersion data and nermality ¢f lateral impurities concentration profile
Date ‘ Time ] Plume | Distance | Altitude | Sampling Equipment oy 71 72
i | bearing from of time employed
i E source traverse
i [ (3 {km) (km) (min.) (kum)
Lo 0.6 0.0 TSM | 6.35 c.us | —o.7
e 0. 43 7.5 TSM | 4.8 | 6.06| —0.85
; 0.3 20.0 TSM 13.82 —=0.05 ) —0.83
' £508 0.55 7.5 TSM 5. 82 0.47 ) —0.5
1 42,0 0. 55 5.5 TSM 4.02 0.28 1 —0.63
258 435.2 0.55 6.0 TSM 3.78 ] --0.01 | —0.54
227 410 0.55 5.0 TSM 3,08 --0.04 ! —0.24
290 1.7 0. 55 5.5 TSM 3.69 | —-0.62 .32
| e 5.4 0.55 5.5 TSM 2,70 | —0.12 ] —0.82
240 25.9 0.85 4.5 TSM 3.35 0.00 | ~0.62
: 280 24.6 ¢.55 55 TSM 4.07 —0.09 | —0.64
419 5. 1 55 | 6.0 TSM 439 | 0.05| —0.45

ifiles 1o around — 0.5 as chown

means thai the profiles are
er than Ga ‘n distribuiion.

W.T.

lateral impurities

the results of Hinds,
of

concentruiion profile appears to be signid

Ny 1Y
\/19/0), e

kurtosis

~anily

STl

e MITHE R 5 E 19798 102

affected by atmospheric condition rather than
terrain.

Fig. 8§ appears to indicate that the variation
of kurtosis of lateral concentration profiles of
successive plume is not so acute, but further

confirmation may be needed.
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Table 2-5 Dispersion data and normality of lateral impurities concentruiion profile

Time Plume i Distance | Altitude | Sampling

Date | | Equipment | o, 71 72
‘ ) !
! bearing from of time i employed
i source | traverse i
i ) (km) (km) (min.) ! (km) |
, o | -
1077 8.19 283 43,90 | 055 6.0 | TSM .93 | 015 ] 080
; 235 26.73 0.55 4.5 | TSM 3.67 0.27 | —0.66
I o " - | Y - -
l 55 14. 40 .55 4.5 ! TSM 3,50 0.07 | —0.91
305 i 19.90 55 6.5 | TSM 4.84
i 310 | o 0.55 7.0 | TSM 5.47 0.43 | —1.45
310 37.30 0.55 9.0 i TSM 6.37 | —0.05 | —0.80
H
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6.3 Normal probability plot of cummu-
lative plume concentration

In order to generalize the normal probability
of lateral concentration distribution, vertical
axis is expressed in terms of ¢, and horizontal
axis is expressed as cummulative % of concen-
trations within stated ¢, and an end of plume.

For showing the general tendency of normal
probability plot of laterally cummulative plume
concentration, it seems essential to average the

data plotted as shown in Fig. 9-I~Fig.

9-5.
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Fig. 9-1. Normal probability plot of cummulat-
ive plume concentration in the range
10 to 20 kin from scurce
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Fig. 9-2. Normal probability plot of cummulat-
jve plume concentration in the range
20 to 40 km from source

starEst MITH H 53 1979 10E

T
S A T T | S S R S T T - T T i
% J‘
o |
2w o :
16 ¥
et e
“tay b
3 -
!
-ui— -
-E{L—I-—L—'—-ﬁ;._L__L,_‘—_‘.—,‘\_L" ! I L -t
L 8 1m0 2 40 W 0 S ® U5 @7 gawT W

Fig. 9-3. Normal probability plot of cummulat-
jve plume concentration in the range
40 to 80 km from source
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Fig. 9-4. Normal probability plot ¢f cummulat-
ive plume concentration in the range
80 to 160 km from source
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From Fig. 5, Fig. 7 and Fig. 9-1~Fig.
9-5 it may be concluded that regardless scale Acknowledgement

of dispersion lateral impurities concentration

profile of single plume is statistically Gaussian.

7. Conclusion

The author wishes to express appreciation:
to C.S.LR.O. scientists named Mr. D. Willi-
ams, Mr. J. Millne, and Mr. D. Robert who-

gave me raw data which they had vitally

1) In flat terrain the average of skewness contributed to collection. The author also wi-

of lateral impurities concentration profiles
various distances is zero and the value

at  shes to thank Dr. M.F.R. Mulcahy of CS.L

of  R.O. and associate professor E.T. Linacre of

skewness for successive plume varies signific- ~ Macquarie University who helped me so that

antly with distance but varies around zero.

9) Lateral impurities concentration profiles

this research can be conducted.
This paper was made by help with finance
supported by Dong-A University.

are generally somewhat flatter than Gaussian

distribution.
The kurtosis of them appears not to be References
significantly affected by terrain as long as
plumes travel at high level compared with 1. Barad, M.L. and D.A. Haugen(1959). A
surface. preliminary evaluation of Sutton’s hypot-

3) The statistically Gaussian assuraption on

hesis for diffusion from a continuous point
source. J. Meteor. Vol. 16, pp. 12~20.

PP, : 43 e St a £ ) .
lateral impurities concentration distribution of 2. Brown, R.N., 1. A Cohen and M.E. Smith
continuous single plume may be acceptable (1972). Diffusion measuraments in the 10
regardless the scale of dispersion. Therefore ~100 km range. J. App. Meteor., pp.323
. . : . 99 4

diffusion equation to be used for calculating ~334.

pollutants concentration at distances on the

mesoscale where vertical impurities concentrat-

ion profile is flat may be;

1 1 ?
Coc——————1/_2?0y exp[—'?( 0?;2 >]

S AR S U O
=00 Ul e}‘p[ T( o) )

where C=pollutants concentration in g/m?

3. Commonwealth of Bureau of Meteorology,
Australiz(1975), Monthly Weather Review
(Queensiand). May. July.

4. Commonwealth of Bureau of Meteorology,
Australia (1976). Monthly Weather Revisw
(Queensland). June. Sept.

5. Commonwealth of Bureau of Meteorology,

\I Australia (1977). Monthly Weather Review
J

(Queensland). June. Aug.
6. Cramer, H.E.(1959). Engineering estimates
of atmospheric dispersal capacity. Amer.

oy=diffusion coefficient in y direction Industrial Hygiene Ass. J. Vol. 20, pp. 183

in m

~189.

Q=the fraction of pollutants staying 7. Fiedler, F. and H.A. Panofsky(1972),

within mixing height in g/sec.
U=average wind speed in m/sec

H=mixing height in m

The geostrophic drag coefficient and the
effective roughness length. Int. J. Royal
Meteorciozical Society. Vol 98, pp. 213~
200,

8. Gifford, F.A.(1960). Atmospheric dispers-

HWAHAK KONGHAX Vol 17, No 5, October 1979




360 HOE

ion calenlations using the generalized Ga- Atmos.” Env. Vol. 9, pp. 170~
T -1 ~ o v e AUPPPTY JEVIE o 7
u di Quel. Heizar N . Vol 7,11s N o - .
piame model. Nuclear fety. Vol 13, Wallington, C.E.(1975). Coleslation of
- £ PP o600, atmospheric dispersion. Proco of 5th Int.
2. Gilleni, N.V., R.B. Husur. LD, Husar, Clean Air Conference. pp.581~402. Rotorux,

D.E. Putterson and W.E. Wilion, Jr.(1978).

- 14, Whaley, H.G.. K. Lee uand (Gainer
I JECT MISTT: IGpetica af iculat . . . . .
FROJECT MISTT: Kinetics of particulaie (1076, Plume dispersion from a2 natural

suifur fermation in 2 power plant plume
out to 300 km. Atmos. Env. Vol. 12, pp.
583~508.

10, Hinds, W.T.(3970;, Diffusi

156
i

mountzing of couthern Cali

hur extraction plant under a per-
levated invercion. Proc. of 13th
Conference. London.

a overcoastal g wirine BOM. (1058). Effe
ornia. Atmos. of diffusivity for atomic bLomb clouds ut
Eav. Vol. 40, pp. 107~124. one to two thousand mi Transaction.
. Vol. 39, pp.

ve coefficients

aill, FUO(10740. Atmosrheric diffusion.
Londen.

. o . — I

12, Ragland, K.W. and R.L. Dennis(1975). 16.
Point source atmosp
with variable wind and diffus

101 (1972).

ait pollutien.

diffusion model

ity profiles.

fLieric

SETE MITE M5 E




