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Abstract : In this paper, dispersion scenarios concerning various meteorological conditions and
real urban structures were made to estimate the impacts of hazardous substance leakage accidents
and to reduce damages. Based on the scenario of the hazardous substance dispersion, the

characteristics of the risk in the pedestrian environment were analyzed in Gangnam, Seoul. The
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scenarios are composed of 48 cases according to the meteorological conditions of wind direction

and wind speed. In order to analyze the dispersion characteristics of the hazardous substances,

simulations were conducted using a computational fluid dynamic (CFD) model with hydrogen

fluoride releases. The validation for the simulated wind was conducted at a specific period, and all

the calculated verification indices were within the valid range. As a result of simulated dispersion

field at pedestrian level, it was found that the dispersion pattern was influenced by the flow, which

was affected by the artificial obstacles. Also, in the case of the weakest wind speed of the inflow, the

dispersion of the hazardous substance appeared in the direction of the windward side at the

pedestrian level due to the reverse flow occurred at lower layers. Through this study, it can be seen

that the artificial structures forming the city have a major impact on the flow formed in urban areas.

The proposed approach can be used to simulate the dispersion of the hazardous substances and to

assess the risk to pedestrians in the industrial complexes dealing with actual hazardous substances

in the future.

Keywords : CFD model, Pedestrian environment, Hazardous substance’s dispersion, Complex urban

area
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Figure 1. A picture of (a) target area and (b) topography around Gangnam station including KMA AWS 401 and SK Techx AWS

10035.



28 - ol FT - OJM / 7IdE

ol M2 =AY YEE

F SIYEL 2aRietE gt 245

= Reynolds—averaged Navier—Stokes
(RANS) o;g Ao 7] 23t el A AlE 7R
AJuRg A A o 4=2] 8= f-2H4 A4 (Finite Volume
Method)¥} SIMPLE (Semi—Implicit Method for
Pressure Linked Equation) &1 2] &g ©]-4-3}¢]
5’1@ 2] 227 (staggered grid system)ol| A 42| 2]

2 Zo|Fth(Patankar 1980). v}l 3t G
7ﬂ741 20& H7] T4 AHE 78t =8k
ARgsE e, dReFold A et AEE EHTE
CFD NIMR SNU =H19] 99 A4 24L& th2 A
(1)~(5)2} ZHCastro & Apsley 1997).

Uz)= ln— cos0, (1)
2

W(z)=— ln— sinf, 2
2

W(z)=0, 3

ko) = ;@—gﬁ 4

E(Z) = w s (5)

KZ

A7IA, ws, w0, k, 0, 0 27 upE = AHT
Zo](= 0,05 m), von Karman A<=(= 0.4),
20](= 1000 m), F3FS UET. G e o

o x|et 2EE| thgt FH A AF4(= 0.0845)0]c}
(Yakhot et al, 1992).

3. 48 4%

=9l Sl 7Y 7hrto] f1A]8k= SK Techx

S 19 295 E 20154 129 31

A 714 1%1 %t FF -%%% o]-&3}o Box—plot

= o 1 F KR

(1.1m s )2t 3AHES4(2.8 m s7), 1L 3"41‘417‘
(5.3 m soll 7I7hE F4=E AR5t 1 m s

5m s 2 m s HACE E48 AT 16m

9]9] FFE aLefsto] F 48709 Alvhe] @& AYAkst

4ttt SK Techx 10035 = 7]7] Eo|of|A Z-zke]

Aue] eof sl F455 o]8-sto] flolA U

>
>,
o
B 32

W 4102 4)(@)oll SR b2 &5 ) AL
%

2 Aol = 7}i = ARLA] IR EEY o
Eal 15 IHOHH o8} vk 11
ZH =344 (Hydrogen

Fluoride, HF)E 7‘33}0411} Rz} A1 eof| A9

3 71& AAsh7] S8l 20129 9E WA ol
o] E-AHHydrofluoric Acid) A= =9k A}l o
A FL 14,7 ppm & FAMEE= Gu et al. (2013)2]

T A7t U]ra} E3pae =H Rl S92 AE

%}E} =z 97H4 AZLo| A 2 AR 44 ppb

1o EER WEEEE /MY tH(Figure 1), &

Sl a v A7 }8 Z 360022 9] A7k 2 600

2t EE s skl 23kead A1E Ve
SEupe} s AR B A (H 3924128 9
7<ﬂ42-7t. Al 3g5t2] 181242)«] setEd E7]E

QAR o185 =(H 1L 88-55) 3 ppmOE HA

stk B 1r 246}23 A2 Az}o] ZoF %

el 2.5 mE /&x«]o}oq H&l 2 A A HE A=

o rﬂ

Ul

oL

-

-

iy

lO P ot

malo] AA AL A7) 98] NCAR (Nat10nal
Center for Atmospheric Research)ol| A 7= o]
A7 9 WS BAE AGET o FiE 74
g WRF (Weather Research and Forecasting)
Version 3.8& AJ&3lAth, ABA gzl 1°x1°
9] A= E 7}A]= NCEP (National Centers for
Environmental Prediction) Final Analysis (FNL)
6A12 21 ARNARE o $5Tt. B 7171

7r427) 9131 Egko] v|w A A& 7|AAS 188}
gou HZo] AkgE = 71719 KMA AWS 401

o H= X}§7 } A&EH o g ZAal= 77kl Fjdst
= 20159 3€ 10¥ 0000 UTCH-H 3¢ 124 2300
UTC7HA| = A5, tiAA 9 2] TM (Transverse

Mercartor) ZEE o] &5}o] TH|Ql ZofS ZAl0



246 SBFYSYIL MI26T M4

Var: Velocity — /°

130°

E

Units: m/s \
16.00 — —
12.00 e .
8.000 % e o WRF gl'ld
4.000 e == == = -
00000 |7 i
44601

443000

442000+ | |
v )

CFD_NIMR_SNU
grid

Figure 2. Schematic diagram of interpolation process for WRF and CFD_NIMR_SNU model grid.
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Figure 3. Time series of (a) wind speed and (b) wind direction for KMA AWS 401 observations, WRF and CFD_NIMR_SNU

model simulation for 10 to 12 March 2015.
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Table 1. The verification indexes calculated with observed wind speed and simulated wind speed using WRF model and

CFD_NIMR_SNU model.

Performance measure WRF CFD NIMR SNU Acceptance criteria
10A 0.45 0.47 -
RMSE 6.34 1.47 -
NMSE 1.82 0.29 <4
FB -1.07 -0.15 -03<FB<0.3
MG %53 1.23 0.7<MG<13
FAC2 0.06 0.72 <05
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Figure 4. A diagram of (a) the maximum distance and (b) the maximum time of hazardous substance dispersion averaged
over the scenarios of 16 cardinal directions at the pedestrian height with respect to the scenarios of different

wind speeds.
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Figure 6. The distribution of hazardous substance concentration at the pedestrian height with respect to the scenarios of
the northwest direction[left panel (a) and (c)] and the south directions[right panel (b) and (d)], and with respect
to the scenario of 1 m s-'[upper panel (a) and (b)] and 5 m s-'[lower panel (c) and (d)].
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Figure 7. Wind vectors at the pedestrian with respect to the scenarios of the northwest direction [left panel (a) and (c)]
and south direction[right panel (b) and (d)] at the observation height(72.5 m) [upper panel (a) and (b)] and the
pedestrian height(5 m) [lower panel (c) and (d)] for the 1 m s~ wind speed scenario.
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Figure 8. Vertical stream line and distribution with respect to the scenarios of northwest direction for the 1 m s wind speed
scenario[upper panel (a) and (b)] and the 5 m s-' wind speed scenario [lower panel (c) and (d)] at the center of
Gangnam station.
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Figure 9. The same as in Figure 8 except with respect to the scenarios of south direction.
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