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Abstract: In this study, the effect of the restoration of Yaksa stream and the construction of an
apartment complex by the urban renewal project in the Yaksa district of Chuncheon on air quality in
the surrounding area was evaluated using computational fluid dynamics (CFD) model simulations.

In order to compare the impact of the project, wind and pollutant concentration fields were simulated
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using topographic data in 2011 and 2017, which stand for the periods before and after the urban
renewal project, respectively. In the numerical experiments, the scenarios were set to analyze the
effect of the construction of the apartment complex and the effect of stream restoration. Wind
direction and wind speed data obtained from the Chuncheon Automated Synoptic Observing System
(ASOS) were used as the inflow boundary conditions, and the simulation results were weighted
according to the frequencies of the eight-directional inflow wind directions. The changes in wind
speed and NOx concentration distribution according to the changes in building and terrain between
scenarios were compared. As a result, the concentration of NOx emitted from the surrounding roads
increased by the construction of the apartment complex, and the magnitude of the increase was
reduced as the result of including the effect of stream restoration. The concentration of NOx decreased
around the restored stream, while the concentration increased significantly around the constructed
apartment complex. The increase in the concentration of NOx around the apartment complex was
more pronounced in the place located in the rear of the wind direction to the apartment complex,
and the effect remains up to the height of the building. In conclusion, it was confirmed that the
relative arrangement of apartment complex construction and stream restoration in relation to the

main wind direction of the target area was one of the major factors in determining the surrounding

air quality.
Keywords: Urban renewal project, Apartment construction, Stream restoration, Nitrogen oxides,
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(B) Before urban development (2011)

Figure 1. (A) A satellite image of Chuncheon, Gangwon-do from the Google Earth, and satellite

images in (B) 2011 and (C) 2017.
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Figure 2. Three scenarios in this study. (A) Topography for
restoration of stream and construction of an
apartment complex in 2017, (B) topography for
restoration of stream but removal of an apartment
complex in 2017, and (C) topography before
apartment complex construction and stream
restoration in 2011.
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Figure 3. Wind rose diagram observed in Chuncheon ASOS for the period of January —

December in 2018.



0.25

Windspeed(m/s)

0.15
0.1
0.05

1800

1400

600 1000

X (m)
(A)
Figure 4. The horizontal fields of (A) wind speed

HA oy Y ERoj|AE Hit o))
&& Bt Figure 4-(B)9] NOx 5 =742
2ol A HjZE NOw} vk et 24 2o
Al P S Helon Ed] gilo] Y
Z0 20} WAE SoA] Ex2 Jehygit) o
o} L w24 Wj&gFo] AR ZAHE
== 101‘% =29 AE Wj27F NOx 528 2%
£ ou|git}, 3t oE, mo] ojol ) B&
T2 NOx Hj&TFo| 2hof| e T2 Zo] Fola] 1

FEE Hols HH, FAZOR o]ofX]= Fo] g

o Hr
o M & rlo

(o to H1 o

|o

o
ol
>

§

o H
zzl-'f_"ﬂ_‘

(ppbv)

x

NO_ Concentration

1400

o,
1000
X (m)

(B)

and (B) NOx concentration in the 2017_Real scenario.

600 1800

o] W kRN =R
Highol ofsf NOx &Hito] 2+ o] £
FotEh o] CFD 2 Y =2

52 NOx =9 4o BAE
el Figure 5004 % &ks] gholsh 4= 9t} tj A
KO g ko E4&0 Holl 2 oA NOx &7t &
& o] ettt

|

3. Al HEH| AlHol| e Het
1) % 22 3} vl

=2 A= NOx v &o] Folle S8k v 2] Azl el 9 S5 s Aole A4
1200

= 1000, -

=]

= o

= 800f- - - :

£ et

-

< ke

£ 600F.

= s

~

-

S 400 F

&)

ON .'.

Z 200 b
" : : : . :
0 0.2 0.4 0.6 0.8 1

Wind Speed (ms™)

Figure 5. Correlation between wind speed and NOx concentration on the road in CFD

model.



148 EZISEI M30H M3Z

0.4 200
0.3 150
0.2 100
<=
R E
0.1 E 50 .E
3 z
o 2 .-
@ <
< 2
0.1 % 50 S
o
-0.2 100 7.
0.3 150
0.4 200
500 700 900 1100 1300 1500 500 700 900 1100 1300 1500
X (m) X (m)
A) B)
0.4 200
0.3 150
0.2 100
=
-3
- &
0.1 E 50 E
T =
o 2 0 =
2 g
0.1 % 50 S
o
0.2 -100 7.
0.3 -150
0.4 -200
500 700 900 1100 1300 1500 500 700 900 1100 1300 1500
X (m) X (m)
© D)
0.4 200
0.3 150
0.2 100 &
=
=
A &
0.1 g 50 .E.
< =
0 £ .-
% g
0.1z 50 3
o
-0.2 100 7.
-0.3 ! -150
LI
. 0.4 00 TMEH NHL, 2200
500 700 900 1100 1300 1500 500 700 900 1100 1300 1500
X (m) X (m)
(E) (F)
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Table 1. Rates of wind speed and NOx concentration changes at the point A, B, C, and D.

A B @ D
Apartment effect -18% 1% 99 % 47 %
Wind Speed Stream effect 103 % 57% 87 % 45 %
Apartment + Stream effects 66 % 46 % -4 % -1 %
Apartment effect 16 % 4% 4% 16 %
NOx Concentration Stream effect 2% 10 % 7% 3%
Apartment + Stream effects 18 % 14 % 2% 20 %




150 EZFFFYI M0 HM3Z

ol s i 44 ok
ol 4= ofaE 714 3
Hato] 4= AAEE B Qlsfsict,
Ao A A *}"*011 ofa] A%}B 9] &

o Z7V8kal NOx w2k 3 Z71st9on, Cob
D xlxu o452 7h4skal NOx =& S718rt,
3) ¥ ¥ W3t v|w
B2k Aol YA[gt x| Fof| A 15 AES A4
dhe EA] S tf7] 389 A RolE IS
Zt}, Figure 72 29| X|99] 232 53(Y-Z2 ¢
mE

Hie) T AE(X-7 gt) Ao EH?‘& AA

ohx] AA ] &I HH 2o ;é:ﬂ, olutE A4
b 2919 A1HE ou|ditt, Figure 7T—(A)ol|A] of
THE th2]E Y BeFO 2 1100 mofl Al 1200 m Ato]o|

0.5
0
-0.5
-1
600 800 1000 1200 1400 1600
Y (m)
(B) 1
0.5
5
E 0
N
0.5
E - -1
600 800 1000 1200 1400 1600
Y (m)
© 120 Y 1
s\
Y\ ‘ §
ARy | gy 0.5
- TR
g RN 0
N e AN
S \
'8 0.5

700

900 1100
X (m)

1300 1500

Wind speed(m/s) Wind speed(m/s)

Wind speed(m/s)

)8l Qiet, o] ol EES 7|E 02 FA E5}
OF o] Byl BFo] & uf olutE wAE
WA F20] 0.5 ms! ol” A #as
© olulE A& o|H S Y Z=120m 2L
w7l 745k} o) 71] F&50] Zhaglof| uhg) of
ohE B 9] $&el F5 2 mRoA wjEE NOxt
AESHA A A] Bat A HHA FH sE S
Z7W7] Ao g wEt), Figure 7-(B)o)A] 2
S Y WeFe 2 1000 mojlA 1200 m Ate]d]
1At Qiet, S FA R AW FlojA]

)
N |

offl

05 ms A $50) SAdigen, ol shael &
(0] v sk B Agolel e
| 9SS <ot
NOKE 5H4l £41e] %
2 5 R4 slon e
1:]0

Figure 7-(C)o| A olatE= X

517 Z=wo @ uletol E%
51 Zwlo] maolA wjEE
EEREREEE
A},

],

£ 1000

Concentration(ppbv)

5

S
NO

x

-150

800 1000 1200

Y (m)

1400 1600

=
>
(ppbv)

n
S
NO‘ Concentration

800 1000 1200 1400 1600
Y (m)

SRR L R VIR AR RN [~
\\\‘\\\\\\\ W ! [N 2
RETRRRRRRNE A SRR R RO L

SRR L fle

g NN R RN j I3 i

f=2 L EEEEN e | 0 =

GORNN <« s AN R | g

N VRN R g
AN 2 50 £
§\. - -l 8

30'\1';;::' 2 -100 o~

= = " 4
-150
500 700 900 1100 1300 1500
X (m)

Figure 7. Vertical cross-section fields showing the difference in wind speed and NOx concentration by subtracting scenarios
at (A) X =1060 m, (B) X=820 m, and (C) Y = 1090 m. Wind vectors indicate the wind components for scenarios
including apartment construction and/or stream restoration effects.
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