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A Study on the Stormwater Drainage Method of Overflow Type for
the Prevention of Urban Flood due to Abnormal Precipitation

ABSTRACT

Urban flooding has been a frequent phenomenon in recent years caused by the increase in maximum stormwater runoff arising from
abnormal rainfall due to global warming, urban development, and development of lowlands according to population inflows. In order
to respond positively against abnormal precipition in the city, it is necessary to check the GWI (Green Water Infra) effect and effectively
utilize the existing stormwater detention tanks and treat stormwater to prevent local flooding. In this study, Overflow Type stormwater
drainage methods are evaluated as a method of preventing urban flooding in abnormal precipitation using the Dynamic Wave Analysis
SWMM (Storm Water Management Model) provided by the United States Environmental Protection Agency. Comparing and
analyzing the Upward Watergate Type and Overflow Type, it was analyzed that the Overflow Type reduces the maximum flood
discharge by 61 % and the total flood volume by 56 % in the rainfall of Typhoon Kong-rey. The application of the Overflow Type and
the natural-pneumatic drainage method to the rainfall of Typhoon Soulik resulted in a 20 % reduction in maximum flood runoff and
a 67 % reduction in total flood quantity. Therefore, as a solution to the abnormal rain fall, it is possible to improve the existing
stormwater detection tank and install additional facilities. It is expected to be economically possible to strom drainage under limited
conditions.
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*Patent Application : 10-2018-0168910, The rainfall pipe overflow device and the natural forced water discharge method and the rainfall reservoir
inflow method to prevent the flooding of the downtown using the device
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Table 2. Actual Rainfall Data Table 4. Hydrographical Characteristics
Category Typhoon NABI Typhoon The Hydrographical Characteristics of the Main Pipe
Kong-rey '
»
Rainfall Date Sep. 6, 2005 Oct. 6,2018 ,i
o W Typhoon NABI - W Typhoon NABI '
;= 52 Pipe Network | ¥ 7
Rainfall b = Organization i
Characteristics |} = i
- & (R
S e ,r['_--
Precipitation 213.5 mm/day 242 mm/day 5 I T T T T T
Snlnce jm)
Time 1 hr N - - . .
1 The Flooding |The phenomenon of the runoff water in the high land
Exceeding |2 hrs - - .o . S .
X Section in the |and the reduction of the pipe diameter in the entrance
the Disaster
) Upstream of the alley
Prevention
The Floodi .
Performance . . © TO00NS e gentle pipe slope, the effect on the change of the
Goal for |3 g - 24 min. (maximum Section in the water level of the river discharging water
Each 105.5 mm/3 hr) Low Land
Duration
Time

Table 3. Hydrological Characteristics of the Research Region

N I /
%; X Y
Watershed | ////Aé /
Shape
Fig. 2. EPASWMM Modeling
Table 5. The River Water Level for Rainfall
Runoff Discharged to Beolyeong River released in the The Runoff Quantity of Typhoon | The River Water Level of the
Part downstream part of Song River NABI Applied for the Inverse Water Discharging Part for
Analysi Rainfall
The commercial region including the traditional market, Aysis amta
Use of the . . . . The Inverse Analysis Data on the Water Level of the — Typhoon NABI
the residential region concentrated with old houses, and g Wt 15) o .
Ground . . . . e 35 = - o o Dt P Do
residential region with the high water permeability rate -4 U
Surface ; . . o :
including fields and paddies L
1]
Characteri $us
stics of | The silt quality sand layer from the ground surface to 4m HiE
. 05
Soil under ground and the lower sand layer )
Quality IO W T

Elapsed Time (hours)
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Table 6. The Change Caused on the Hydrological Characteristics of the Small Watershed by GWI Installation

Category Before GWI Application After GWI Application
Small Impermeable Rate of the Direct Rflte of .the Passage of the Impermeable Rate of the Direct |Rate of the Pas'sage of the
Watershed Area Water Area Runoff of the Ramfz.ill in the Impermeable Water Area Runoff of the Rainfall in th.e
NO. (ha) Rate Impermeable Water | Region to the. Permeable Rate Impermeable Water| Impermeable Reglor to
Area Region Area the Permeable Region
1 2.827 19 30 50 18 0 100
2 7.628 11 30 50 10 0 100
3 1.002 38 30 50 37 0 100
4 4.737 38 30 50 37 0 100
5 2.460 51 30 50 50 0 100
6 1.630 56 30 50 55 0 100
7 2.019 56 30 50 55 0 100
8 0.726 56 30 50 55 0 100
9 1.209 56 30 50 55 0 100
10 1.808 56 30 50 55 0 100
11 1.308 56 30 50 55 0 100
12 1.149 51 30 50 50 0 100
13 4.683 76 30 50 75 0 100
14 3.216 11 30 50 10 0 100
15 1.481 38 30 50 37 0 100
16 3.162 11 30 50 10 0 100
Table 7. Change of the Rainfall Runoff Quantity before and after GWI Application
Total Runoff Quantity (m’)
Category Remark
Before GWI Application After GWI Application Reduction Quantity

1-hr Duration 20,455 20,197 258 -1.26 %
2-hr Duration 27,756 27,483 273 -0.98 %
3-hr Duration 31,119 30,850 269 -0.86 %
Typhoon NABI 70,404 69,754 650 -0.92 %
Typhoon Kong-rey 86,799 85,938 861 -0.99 %
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Table 8. Comparison of the Modeling for Each Inflow Type of the
Rainfall Reservoir

Modeling Composition

Upward Watergate Type Overflow Type
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1425 m¥sec (AFARE 11:538), & T52S 204 m’o 2 VRt
o} ARFo] HAWTFZCA 61 %, F TN 56 %3t
© 585 BIrk 3 R SR el e
WA agh 7 Brh W frks fddh 5 wE09:11)E¢]
AAY F+(m8, m10)elx g7t Wsk= d3s Bk

5, 9R¥c] ¢8R S8 &840 =L, gAY
gk FAFE e AATEs & & Ak

Table 9. The Rainfall Response Characteristics of the Upward Watergate Type and the Overflow Inflow Type

Category Buffer Area | Rainfall Reservoir (12,000 m?) Flood Occurrence (m’/sec) (Time Passage)
Runoff Inflow . .
Inflow Type | Rainfall Quantity Quantity Ful.l Water Time Flood Place Maximum 3F lood Total EIOOd
() (o) (Time Passage) Runoff (m’/sec) (m”)
Thr 7,149 10,266 - sj7 0.304 (0:59) 196
2hr 10,913 9,443 - - -
Upward 3hr 9,485 6,376 - - -
Watergate Typh
yphoon
Type NABI 36,364 1,802 - - -
Typhoon 60,207 12,000 09:11  |ml, m2,m3, m8,ml0,sj4,sj7|  3.25(11:53) 763
Kong-rey
lhr 13,329 3,925 - sj7 0.304 (0:59) 196
2hr 16,703 2,615 - - - -
Overflow 3hr 13,218 1,493 - - - -
Type Typhoon ) i )
NABI 37,951 214
Typhoon S
65,338 7,319 - ml, m2, m3, si4, sj7 1.425 (11:53) 294
Kong-rey
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Table 10. Flood Characteristics on the Abnormal Rainfall of the Upward Inflow Watergate Method
Category Analysis Results Remark
Continuity Error * Surface Runoff: 0.00 % * Flow Routing : -0.07 %
Water Storace Result * Rainfall Reservoir (12,000 m®) Full Water Time: 05:05
alet Storage ReSUiLs * Buffer Area Overflow Quantity: 292,434 m’®
The Runoff Quantity from the Abnormal Rainfall Watershed to the Rainfall Pipe (CMS)
12.0
10.0 * Maximum
2 so Watershed Runoff:
Runoff Quantity in the % o0 10.27 m*/sec
Research Region E - * The Full Water Time
4 of the Rainfall
2.0 -"ﬁ\,\\ Reservoir: 05:05
0.0
o 2 4 [3 8 10 12 14 16 18 20 22 24
Elapsed Time (hours)
° ¥
8.5
8
= 7-: * Maximum Flood
= 6.5 Runoff: 4.76 m*/sec
Flood Runoff tity |
0od Runoff Quantity g e * Total Flood
= e Quantity: 31,668 m’
4
3.5 o
o 200 400 600 800 1,000 1,200 1,400
Distance (m)
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Table 11. The Response Characteristics of the Flooding Prevention Measure on the Overflow Type Water Discharge Method for the

Abnormal Rainfall

Category Analysis Results Remark
Continui .
ontinuity * Surface Runoff: 0.00 % * Flow Routing : -0.02 %
Error
Establishment * Overflow
of the Water Quantity of the
Discharge Buffer Area
System 287,080 m’
250.0 14000.0
‘ 12000.0
200.0 l ‘
- .|‘I | o towee
% 150.0 \J 1 % 8000.0
5 H E 6000.0
3 1000 |‘ ‘ g
| ‘ 4000.0
ol
. I 4 6 8 10 12 14 16 18 20 22 24 _ 2 4 & & 0 12 u 1w 1w 20 2 2| [Fyll Water Time
Analy51s Elaied Tho (hesirs) Elapsed Time (hours) of the Rainall
Results Pump Flow of the Manhole Pump Station Pump Flow of the Rainfall Reservoir Reservoir: 07:42
1 |
504 | 5 & |
| :
3 H ‘
oz { (1 l’ 1 * 02 I
L |
I“ulhu‘ h \ | || d 1 00 ‘
0.00 2 4 L] 8 EIW n":n [h“ ) 16 18 20 22 24 h 0 2 4 6 8 E|':“¢11|2 {"‘M ) 16 18 20 22 24
aps e (hours] El ime (hours)
Target Site
Maximum Flood Runoff 3.81m’/sec(10:33)
107 Total Flood Quantity 10,419
° * Maximum Flood
s ® Runoff:
Maximum § 7 3.81 m’/sec
Flooding State 5 P * Total Flood
i Quantity:
5
10,419 m*
4
S 200 400 600 800 1,000 1,200 1,400
Distance (m)

1 A% ATV GWIEAE B3 704 89 % ey AL 9RFY g e ol tigh A5t
FET 7IE 086-126 %ol B3he Ao vhebor), % A thmlos v Wil Ee] B89 F7PPIT ARk 24
4 SEY SFARES} ARY SSARE ANB NI BT o) AAA $5u57) s go A Hlk
2 e Felele] AP EFE AR AP ks B o] &3 4 Aike B aqabdR|el sHdEe] =Ed
FHES 61 %, = ITFTS 56 % AR Aos BAEgr) Ao} 5 oA Ao W =R WA i

AFY $5AFE 2L ADGEH PR BE &Y A, B Y 5 Agsiel A 4 B thake sk

9IS AEHGS ) o) TR 20 %ah

67 % #aths Aos #AHIrk
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