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Abstract

Due to climate change, the occurrence of abnormal rainfall is increasing, and the intensity and scale of damage caused
by heavy rain are increasing every year. In addition, as the frequency of heavy rains becomes more frequent, heavy
rains often occur continuously, resulting in large flooding damage that has never been seen before in urban area. When
near rivers and coastal areas are impermeable areas, the maximum flow increases rapidly as the rainfall intensity
increases, so a comprehensive flood risk evaluation is needed considering the characteristics of the basin. In this study,
the flood inundation risk evaluation was analyzed by giving scores on evaluation factors as a measure to prevent
inundation in subway stations. Through the flood inundation risk evaluation process considering the comprehensive
evaluation index, the flood risk evaluation was conducted on five urban railway stations with a large amount of traffic
and floating population that had been inundated in the past. It is judged that by comprehensively analyzing this and
establishing a inundation risk grade (grade 1 to 4) to establish a flood measure suitable for the risk grade.
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Fig. 1. Flood Risk Assessment Category

Table 1. Subway Flood Risk Evaluation

Evaluation Detail Evaluation Criteria Evaluation Point
) no flood damage Good 1
Past Risk Whether the subway was flooded in the I flood damage Fair ’
past 2 or more flood damage Poor 3
Differences between design flood level and lower than Om Good 1
Geographical Risk ground height between 0 and 3 meters Fair 2
(design flood level — subway ground heigt) 3m or higher Poor 3
River Stability Evaluation river safety A Good 1
External Risk (Relationship between design flood level, river safety B Fair 2
freeboard, and levee height) river safety C Poor 3
no inundation Good 1
Internal Risk Subway entrance inundation status less than half inundated Fair 2
more than half inundated Poor 3
i ) B more than 10 self drainage structure Good 1
Drainage Risk Subways own. drainage ability 6-9 self drainage structure Fair 2
(Self-drainage facilities, small pumps, etc.)
less than 6 self drainage structure Poor 3
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Fig. 2. External Risk Figure

Table 2. Freeboard According to Design Flood Discharge

Design Flood Discharge (m®/sec) Freeboard (m)
below 200 over 0.6
200 — 500 over 0.8
500 - 2,000 over 1.0
2,000 — 5,000 over 1.2
5,000 - 10,000 over 1.5
over 10,000 over 2.0
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Table 3. Flood Risk Grade
Flood Risk Grade Total Range Evaluation
Flood risk 1% grade 14-15 High risk of flooding
Flood risk 2™ grade 11-13 Risk of flooding
Flood risk 3% grade 8-10 Low risk of flooding
Flood risk 4% grade 5-7 Safe to flooding
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Table 4. Study Basin Point Status

Type Point Status

A Oncheon Stream
Type 1

B Dong Stream

C Dong Stream
Type 2 D Near Pusan North Port

E Near Pusan North Port
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Fig. 4. Flood Prediction for A~E Point by Return Period
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Table 5. Flood Risk Evaluation by Return Period for Point A~E
Point Return Period Pgst Geogrgphical Extérnal Inte'rnal Drai'nage Total Flood Risk
(year) Risk Risk Risk Risk Risk Grade
50 Grade 2 Grade 2 Grade 1 Grade 2 Grade 1 8 3
A 100 Grade 2 Grade 2 Grade 2 Grade 2 Grade 1 9 3
200 Grade 2 Grade 2 Grade 3 Grade 3 Grade 1 11 2
50 Grade 3 Grade 1 Grade 1 Grade 1 Grade 1 7 4
B 100 Grade 3 Grade 1 Grade 1 Grade 2 Grade 1 8 3
200 Grade 3 Grade 1 Grade 1 Grade 2 Grade 1 8 3
50 Grade 3 Grade 3 Grade 2 Grade 2 Grade 3 13 2
C 100 Grade 3 Grade 3 Grade 2 Grade 3 Grade 3 14 1
200 Grade 3 Grade 3 Grade 3 Grade 3 Grade 3 15 1
50 Grade 3 Grade 3 Grade 3 Grade 3 Grade 3 15 1
D 100 Grade 3 Grade 3 Grade 3 Grade 3 Grade 3 15 1
200 Grade 3 Grade 3 Grade 3 Grade 3 Grade 3 15 1
50 Grade 2 Grade 3 Grade 3 Grade 2 Grade 2 12 2
E 100 Grade 2 Grade 3 Grade 3 Grade 3 Grade 3 14 1
200 Grade 2 Grade 3 Grade 3 Grade 3 Grade 3 14 1

Table 6. Flood Risk Evaluation Result by Return Period for Point A~E

Point Return Period (year) Flood Amount (m3) Maximum Flood Depth (m) Damaged Entrance No.
50 61,669.54 0.61 7, 16
A 100 113,248.51 1.15 3,5 7,16
200 187,996.52 1.51 1, 2,3,4,5, 6,7, 12, 16, 17
50 68,407.15 0.54 -
B 100 143,655.02 1.18 , 2, 3,
200 330,406.55 2.03 1,2,6,4, 56
50 34,298.34 0.87 7, 8
C 100 57,163.91 1.53 56,7, 8
200 63,515.45 1.61 1,23 45,6 7,8
50 9,354.83 0.47 3,45 6,7, 8
D 100 18,072.94 0.67 1, 3,45 6,7, 8
200 33,067.97 1.17 1,23, 45,6, 7,8
50 4,293.06 0.43 2,3, 4
E 100 9,356.94 0.62 1, 2,3,4,5 6,7
200 26,162.35 0.73 1, 2,3,4,5 6,7
Table 7. Summary of Flood Risk Evaluation Result Aol HAte] Zelg Q47F " 5oL 7fsA]o] 85}
Point | Return Period Total Flood Risk o EAE7] wge] FAre2 100, 2009 H1kofA
(year) Evaluation Grade 01y =g 1Ego7 et
50 8 3
A 100 9 3
200 11 2 4- 75-1 %
50 7 4
B 100 8 3 B AL EAAAY AshE A fHoE
20 8 3 G JEE Whasel og WrE Holsld BAEE
> = 2 B71g AAsidch. FAE B A4S el A% 9
¢ = = 1 HE W} BAE A A A40) AT §E5UT @ 2
50 12 2 TFol B2 57 AHY =AEEY] ditt dg =
D 100 14 1 B7HE AAlstalon wagh Ay o g2 dES =
200 14 1 Eo}oau}
50 E 1 L 2 A 9% ot S40] ek 437} Aolslal
£ = = 1 . 7 ou WA gl 29 £ 48.73%, 5

Journal of Wetlands Research, Vol. 25, No. 2, 2023



A 5 63.09%, FARG 59 75.19%0]9 trEe 2
=5 Zojo] Eelia glold vsujAel of !
2. 33 St AT Aol 2

H o> .
me oo ril
N
o2
Mo
Jo
offl
ro,
-
1o
El
f
ol
9O,
52
rlo
r
2
S

O
o
rr
o
)
9
> =
jutal
o
4> nz
Rl oZ
L N
ol
N oX g
i 2
(o]
i
e -
(U1
)
2
B

B
o
)
ro
=
9
>

£ i
[

B!

rl_\ﬂa‘m ol_mrE_oar-o,lla
ol

I

4, o C, D AA

o
i WieiAlel A7 & 287F ot
e}

r

E
i

i, 1
4 o

T Ho Jm of
ko o
offt mat |o -

o
o
f
x

o
i
ol
)
o Ix

=
B
B
it
RS
o 2
H N
= Lo
R
o o
o2
Job £
2ol g
>

'
==

kA
ek o

o owel HUoox
I 2 Ko

kI

ok

30
rr
o
%
Ho
el
ol
oj
o
2
o
ot
ol
k]
R}
_O'L
k)

References

Ahn, S. J., Seo, B. H., Choi, G. E., Park, G. H. (2004). The
research on scheme to prevent inundation at the
underground space, /n Proceedings of the Korea Water
Resource Association, pp. 883—887.

Barroca, B., Bernardara, P., Mouchel, J. M., Hubert, G. (2006).
Indicators for identification of urban flooding vulnerability,
Natural Hazards and Farth System Sciences, 6(4), pp.
553-561.

Chen, W. B., Liu, W. C. (2014). Modeling flood inundation
induced by river flow and storm surges over a river basin,
Water, 6(10), pp. 3182-3199.

D’Ambrosio, R., Balbo, A., Longobardi, A., Rizzo, A. (2022).
Re—think urban drainage following a SuDS retrofitting
approach against urban flooding: A modelling investigation
for an Italian case study, Urban Forestry & Urban Greening,
pp. 127518.

He, M., Chen, C., Zheng, F., Chen, Q., Zhang, J., Yan, H., Lin,
Y. (2021). An efficient dynamic route optimization for

SREAISE H253 AH2Z, 2023

urban flooding evacuation based on Cellular Automata,
Computers, Environment and Urban Systems, 87, pp.
101622.

Hunter, N. M., Bates, P. D., Horritt, M. S., Wilson, M. D. (2006).
Improved simulation of flood flows using storage cell
models, In Proceedings of the Institution of Civil
Engineers—Water Management, Thomas Telford Ltd,
159(1), pp. 9-18.

Inundation, U. S. (2015). An experimental study on evacuation
ability during underground space inundation, Journal of
the Korean Society of Hazard Mitigation, 15(2), pp. 1-8.

Jeong, G. T. (1998). Suggestions for the Analysis and Prevention
of the Causes of Watering Accidents on Subway Line 7.,
Journal of the Korea Construction Safety Engineering
Association, pp. 35-39.

Jo, J. W., Choi, W. J. (2011). Cause and countermeasure of
inundation damage in underground space, /n Proceedings
of the Korea Water Resource Association, pp. 420-420.

Kim, Y. J., Lee, C. H., Yeo, C. G. (2008). Evaluation and
countermeasures of underground space in urban area -
aiming at subway station, Warer for Future, 41(3), pp.
49-53,

Lee, C. H., Han, K. Y. (2007). Integration model for urban flood
inundation linked with underground space flood analysis
model, Journal of the Korea Water Resource Association,
40(4), pp. 313-324.

L4, S, Qin, Y., Liu, Y., Song, X, Liu, Q., Li, Z. (2020). Estimating
the design flood under the influence of check dams by
removing nonstationarity from the flood peak discharge
series, Hydrology Research, 51(6), pp. 1261-1273.

Mark, O., Weesakul, S., Apirumanekul, C., Aroonnet, S. B.,
Djordjevi¢, S. (2004). Potential and limitations of 1D
modelling of urban flooding, Journal of Hydrology,
299(3-4), pp. 284-299.

Schreider, S. Y., Smith, D. I, Jakeman, A. J. (2000). Climate
change impacts on urban flooding, Climatic Change, 47,
pp. 91-115.

Seo, J. W. (2012). Measures for underground space flooding —
example of subway, The Society of Air—conditioning and
Refrigerating Engineers of Korea, 41(11), pp. 76—-80.

Shin, D. S., Park, J. B., Shon, T. S., Jo, D. J. (2012). Preventive
measures assessment to prevent flooding complex under—
ground space through hydraulic model experiment, Journal
of the Korean Society of Hazard Mitigation, 12, pp. 59-66.



