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Analysis and Simulation of SF¢ Tracer Experiments
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Abstract

Tracer experiments were performed 4 times in December 1992 on the relatively tlat terrain and nearby building
area adjacent to the Taedok Science Town in Korea. Each experiment was continued for relatively short period of 1
or 2 hours with intermittent release of SF, up to 2.07 g/s at [0m height. Movement of tracer plume was tracked by a
continuous tracer analyzer installed on an air monitoring van. Simulation with INPUFF was carried out to analyze
and predict experiments. Measured profiles of tracer plume were narrow and sharp while predicted profiles by
INPUFF were broad and slowly varied. Tracer plumes were detecled at a short distance of 0.5 to 2.2 km mainly due
to intermittent release and high value of lower detectable limit. Various experimental conditions were tested by
INPUFF simulation in order to find desirable conditions. Higher wind speed and less variable wind direction could
yield longer distance of plume racking only when the lower detectable limit was sufficiently low. Distance of
plume tracking was long and did not much depend on the lower detectable limit in stable atmospheric conditions.

Key words : SF; tracer experiment, INPUFF modeling, plume tracking, detectable limit, meteorological conditions
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Table 1. Pasquill-Gifford stability categories by a solar radiation and delta-T method (USEPA, 1993).
Wind Speed (u)¢, m/s

u< 2.0 20<u<30 3.0u<s0 3.0<u<5.0 u=6.0
DAY®
Incoming Solar Radiation
(SR), W/m?
SR>700 A A B C C
700=SR >350 A B B C D
350=SR >50 B C C D D
50=SR D D D D D
NIGHT®
Temperature Lapse<
(AT/Az). °C/m
AT/Az< —0.01 D D D D D
-0.01 <AT/Az<0.01 E E D D D
0.01 <AT/Az F F E D D

 Day begins at the start of the first full block hour after the calculated time of sunrise.

» Night begins at the start of the last full block hour before the calculated time of sunset.
¢ Average temperature lapse between 2 and 10 meters above the ground.

4 Average wind speed at 10 meters above the ground.
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Fig. 2. Calibration of SFs continuous analyzer for the
present experiment.
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Table 2. Experiment and meteorological conditions.
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measuring interval interval rate (g/s) direction (m‘/f; ) (W/m?) stability
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o ' 15:52~16:15 0.069 nnw 0.98 10.4 98 B
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Fig. 3. Profiles of SFs; plume by a continuous analy-
zer on the monitoring van on December 1,
1992. The plume is drawn on the map along
the path of the van by directing the base to
the source. Release rate was 0.345 g/s
when the van moved along Path 1, and
0.069 g/s when the van moved along Path 3.
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Fig. 4. SFs concentration measured at the monitoring
van along paths shown in Fig. 3 and wind
speed and direction measured at 10-m height
at the source location on December 1, 1992.
In the upper figure, SF; concentration is plot-
ted on the curve representing the distance
between van and source. Dotted line re-
presents measured concentration, and bold
line represents simulated concentration with
INPUFF. Source direction refers to the direc-
tion of source from the monitoring van.
Release rates were 0.3459g/s at intervals of
S11 and S12 and 0.069g/s at interval of
§13. R11, R12 and R13 indicate the averag-
ing interval of meteorological variables.
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Fig. 5. SFs concentration measured at the monitoring
van and wind speed and direction measured
at 10-m height at the source location on
December 3, 1992. Lines have the same
interpretation as those in Fig. 4. Release
rates were 0.258, 0.517, 1.033, and 2.067
g/s at intervals of S21 to S24, respectively.
R21 to R27 indicate the averaging interval of
meteorological variables.
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Fig. 8. SFs concentration measured at the monitoring

van and wind speed and direction measured
at 10 m height at the source location on
December 9, 1992. Lines have the same in-
terpretation as those in Fig. 4. Release rates
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of 831 to S33, respectively. R31 to R34 indi-
cate the averaging interval of meteorological
variables.
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at 10 m height at the source location on
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Table 3. SF; release conditions for INPUFF simulation.

Release rate 2gls
Exit velocity 4 m/s
Release height 10m

Stack diameter 0.0l m
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Fig. 10. Changes of wind speed and direction in
INPUFF simulation of tracer experiment.
They were taken from experiments on
December 3, 9, 21, and 1, consecutively,
and averaged at 20 min intervals.
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Table 4. Maximum distances of concentration contours from the source in various release and meteorological

conditions.
Maximum Distance (km)
(Tlmu ot Maximum Distance, min}
Scenario 20 ppt l()() ppt 200 ppt 1,000 ppt
Basc Case? 16.0 (360) 11.6 (360) 10.3 (360) 4.8 (300)
Short-term Release for 20 min.
from =0 11.1(300) 5.3(100) 3.7 (60) 1.6 (40)
Wind 2 W, 22.6 (360) 12.5 (320) 6.5 (280) 3.2 (260)
Speed 0.5 W, 9.5 (360) 8.1 (360) 7.0 (360) 5.5 (360)
Wind Constant 17.0 (360) 11.8 (360) 10.3 (360) 4.9 (300)
Direction 180° 0.5 W, 2.6 (360) 2.1 (360) 2.0 (360) 1.5 (360)
rotation W, 3.6 (360) 2.9 (360) 2.5 (360) 1.8 (300)
at every 2w, 4.9 (360) 3.7(320) 3.3 (280) 2.7(260)
20 min
Stability A (unstable) 13.2 (3601 5.1(300) 2.6 (280) 1.7 (260)
D (neutral) 18.3 (360) 17.2 (360) 16.2 (360) 11.4 (360)
F (stable) 18.6 (360) 18.3 (360) 18.0 (360) 15.8 (360)

+ Continuous release for 6 h, wind speed W, and wind direction shown in Figure 10, and B stability

J. KAPRA Vol. 14, No. 5(1998)



408 710 A] . 2 A B

g o 0 ]

fo
olt,
oft
fot
to
oo
r >
Ha
i
N

Azl Zo] S FAle] AT HelF #2|5tn
Wort 3002A A= F<o] whepA]w 1,000 ppt F
Aol Bod=pHA Fu o)Az =% Flovh
o] Foll = whE FhHom 9rzo] {000 ppt AL
w438] = AletA D ¥ Z%e] FAduke] WA

o] Hu o]F Agw 4%
afela] @l BA §ksko] 1000 pptel B 7=
FAz1e] o5& FHslm ATt Az =
T oo olFslm FAHzle o|FE AAF 4
a

slovt oA 7ol F4e] F7he} G el

Fol AbebA7] wgo] H2 o) Fstolotat ohal &
& 2L 5 Anhe 4ol st e ol
e AHE AAE e olgel 13 113 e
SR Yehe] FrE TAE §AY A9l o
U7 ook 4R o83 Aol g 2ol ¥E
9 ANZE 2ol Jstel 2AAE AU, F
sol o} W8 A AN mE WSl 0 03
o slste] Fyw Aol WA vhrelx7] ol
O3 S ¥R B e 2Ab AlY A A

w4 olnle] Hit Asd vrt%ﬂ At

A4 vl oAl oke) A
7k v Ea A & e 5*47191 M3t
o] ¥olilel who} F438] Al BAM3|gte]
LO00pptyd 7% A&l Zo] 132 Fo]Er) BA
ahgte] 20pptE wHE A9 o]EX oz Y &7
72| 7k 11kmel] o] 21} 208 wfZol] F v 24 7=
= 5A17F Felu} vbslme wigbe] £7b W)
gk Al A viﬂoﬂ*% I9HE ofEgo] welA| A

B ol%7} gl 3

"
Zro], B-AElgke] 20ppt o W= Ho =x7er}
40% ol ZF7hshk EAskale] 1,000ppt A WE
67% 2 7rAasicl BAE)8e] wolalsE 227
7F FHdrh HE Alzke el w28 10, 116
A AE ool AT Zel A R 34 F
7k} @A &5 ofH 9] o]F o] vlL uwlla|n 3
Me] 29 2157 “H'E""]‘:} uha T——'1—°] 1=
Ad F

ZH

fol

AT,
£
He
it
o
2
o
[\
[aw]
e}
=2

1l

“‘HTL_ “—"‘-"l 2ulf ol A

7| B e A A 14 H A5

122 volAlel] upe} FHl FA 727} 3Fashe
W EAskgke] 1.000ppt A W Hd EHA A2t
2388 F7lsted, 12 T B4 58] 1.000
pptell Al 20pptR ot w FHW ZHA A el 55km
A 9.5km=E 73% =7} Folr},
2% 10eA F3F HES glel 2 dA A sl
o] Wie F45E A 89e we nssh
2 el ¥ 100 F3F ) Askx| e}
g7 224 obeh v 20%-wbe} FEFE 180° wiarw
Z3727t A7) He AZRe wWEkA] kot 3
20

N e

F°\

9 ZA AL 53] BAsge] W0ppE W o
HAsHA FoiEr) o)e} o] E3Fe] AA ulH
= AdeA F4e Z7A7IE A AR Yt
He Az 712 ASol M) F4 wslel U3
\Jr. el —*«ﬂﬂﬂ% S 13}%] 1,000 ppt 4w =

|

o

:}.F%%W%% 24 5130 LOOOppt%‘ R
#e]7} 16kme]| o] 23 ubwl shato] shibah A
L BAEste] 1,000ppt & W FHo =3

Ael7h 17kmel E3hste EhE 2l 27 AL
Wuche 24 AU} g 717k FR ol
& Wl 2ol Al AelA FAA} o
ol whel BAsao] gl AR nhAue) 2
QA 2)7} Ho) 7} g,

5.4 B

HA SE2| whér wiZel 23k 1~24]7F o]
«} ] AgE fﬂs}aiL INPUFF ml2] 7 =}9}
vlastgloh Agel Al S ekgkdl RS AYE
AAEAR 4d7ke] 713 A4 W& V)R
INPUFF A3 & A A3t o2 4 2els)gic)
UoAA 54 = vhsre] £ Wbl adis



xo] A3 $X= Az YA

2 "3 A FAHAE gRE wjEdez
HE] 0.5~22km HSldlA A EAR v P2
%E_ L5 km ool o] A= 9t e} ofg} 72
2R A LGB o] FE FHsnx B4 19
HP% Azlel vldle] ¥ 7p7bg o, Adde] T
gloll B o] fi= FHR7} shEH on & E T

24719 B4 s}ate] 200ppta Ek7] W elet.
3 AHuEs AP E*}*Afﬁoﬂ olsh HA
ppt =2 F83) 9@ dol T4
w}%¢% %-Zé 7€l 7} %7}6%’3&4, HA5}8ke] &
49] of3Fo] 2okn g wEkr= F
Aol wie} 2 A= FAErE s
Q_lx«]s} D:zsko] ;:x_—l'x} Al
Faleo] 2123 g wlvl
Azl A A ALE o
7} Z7lEtd 1 53]
#A71e] BAEgte] & W ZA A ert A s
Z7tslgich olol ule} o 7)7} wiS- <A F F 5HF
ol M A3l w2 &8 wWIbrp AX] 9

i
Hir ‘m
Lo
ﬂxJ

lo
b
2

H
_l}-)‘

3

e rlu

o

1
8
O

, rlo flo
w
of
7
|

=2

A

2
N
N
)
" o
O).l
5
=
A
ON
2

2 Q7o) APe FRelUA7)Ed T4 B
g EARAFAGLR FARG O, EHT w
BN

e 5 sqou w}—fow APV
AR RN e ¥Eo FASA7)e Thset
Aguinh wee F4 wE ¥EA =R

713 (1991) gh=-7] -8 A 1.
AedA, Ads, M=, g 2435 AT (1992) ©ilv
2] geuel] whE fH?l%?g °dgF #Hrl Y At

$18 SF, 342 Ad 2P =ik dF 409

(1IN, KE-92058G, 8t=of| v 2] 7| &< T2,

ol Zw, AT (1989) A& w7 ey Hrimdel

#E A7 (Tracer Gasell 218 A} A{), &=

ol 7] B4 &} 3] 7], 5, 84-96.

AL R 8=k, 24, 52 (1996) 1AL 24
Aol 23 of7F U F FhellM ] 7hg-4]e
Huwdel Hrh o7 BAes)A], 12, 529-
540.

FR4. o148, Bed7] (199) 2k AEE F 3R
o g by d7les wd Auel B A
EAATF A1 FE A, b,

Allwine, KJ. (1992) Amospheric Dispersion in Mountain
Vallevs and Basins, PNL-7922, Pacific Northwest
Laboratory, Richland, Washington.

Barnett, AN. (1991) AeroVironment, Monrovia, CA, per-

sonal communication.

o] &4, 7

LAy 2

Baxter, R.A. (1991) AeroVironment, Monrovia, CA, personal
communication.

Baxter, R.A. and D. Pankratz (1991) Operator's Manual for
Aero Vironment Inc, Continuous Tracer Analvzer
Model CTA-1000, AV-OM-91/6148, Aero
Vironment, Monrovia, CA.

Blumenthal, D.H., T.B. Smith, D.E. Lehrman, G.Z. Whilten,
R.A. Rasmussen, and R.A. Baxter (1985) Southern
San Joaquin Valley Ozone Study-Data, ST1 94100
-501-FR, Sonoma Technology, Santa Rosa, CA.

Ferber, G.J., J.L. Heffter, R.R. Draxler, R.J. Lagomarsino, F.
L.. Thomas, R.N. Dietz, and C.M. Benkovitz (1986)
Cross-Appalachian Tracer Experiment (CAPTEX
83), Final Report, NOAA Technical Memorandum
ERL ARL-142, Air Resources Laboratory, Silver
Spring, MD.

Hidy, G.M. (1984) Source~receptor relationships for acid
deposition : pure and simple? A critical review, J.
Air Pollution Control Assoc., 34, 518-531.

Hidy, G.M., D.A. Hansen, and A. Bass (1985) The Feasibility
and Design of the Mussive Aerometric Tracer Ex-
periment (MATEX). Vol. 1. Presentation of the MA-
TEX Design Concept, Draft, ERT Document No.
P-B582~-840, Environmental Research & Tech-
nology, Inc.. Newbury Park, CA.

McRue, G.J., F.H. Shair, and J.H. Seintfeld (1981) Convective
downmixing of plumes in a coastal environment, J.
Appl. Meteorol.. 20, 1312-1324.

Petersen, W.B. and L.G. Lavdas (1986) INPUFF 2.0-A Mul-
tiple Source Gaussian Puff Dispersion Algorithm:
User's Guide, EPA-600/8-86-024, Environmental

J. KAPRA Vol. 14, No. 5(1998)



RS T LI S

Mo

Protection Agency, Research Triangle Park, N.C..
Strimaitis, D.G., G.E. Moore, and S.G. Douglas (1991)
Analysis of tracer data collected during the SCC-
CAMP (South-Central Coast Cooperative Aerome-
tric Monitoring Program) 1985 intensive measure-
ment periods, J. Appl. Meteorol., 30, 674-706.
Tombach, 1. (1987) Measurement and Strategies, A Short

A7 IR AR A 144 A 5%

Course on Air Pollution, AeroVironment, Monro-
via, CA.

U. S. Environmental Protection Agency (1993) An Evaluation
of a Solar Radiation/Delta—~T Method for Estima-
ting Pasquill-Gifford (P-G) Stability Categories,
EPA-454/R~-93-055, Environmental Protection
Agency, Research Triangle Park, N.C.



