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2 % E JFE= AYIE(Low Impact Develpment; LID)E E43 7/fA 7|&2 AA5IaL, SWMM(Storm Water
Management ModeD)& &85t Aud A99 §& ADE E451th &3, Axs A99 |55 15% o4
A & & Qe LD 71€9 EY FEE A4S AS A9 EHE S3ith 2 As S FA ARF A JEN
9HLID) 7198 2733 7tol=gRl, & 7|Hto g 2 FH 9 HlEE(Rain barrel) 7|&& AL =75 AL
AL 23S A6l MEL FH9 HEEH 7IE FHY AYARTAE 7«2 AAsta, LID Parameter A3}
HHE Bl EFS Jas T 4 Qe WHSE Bt 49 AU & 7|FHsE AU 2(RCP 8.5)5 A4
s, I 7hstt & LID 71e9 7HEREAE §F AdEE UKtk SWMM 2338 23, LD Ve
AXSHA] AP W F FEFS 258.1 m? o, AUFLE FAHE ZE LID /&S LS9S| & FEFS
40.3% AT & Ao, HF FEF2 39.6%7HA /IAT = e AR Ueidth. B2 3 15%9 95 AS
HallAdE= LID 7FH8EHZE 40% ol4dell LID AldE& AX|gjof & Ao=Z w|tErt

Abstract In this study, low-impact development (LID) was selected as a water circulation improvement
technology, and runoff reduction in Sangdo-dong was analyzed using a Storm Water Management Model
(SWMM). The aim of this study was to analyze the scale of an LID installation that can reduce the
amount of runoff in Sangdo-dong by more than 15%. Based on the'Development of Landscape
Guidelines for LID Techniques,published by the Ministry of Environment, a new type of rain-barrel
technology was developed. A rain barrel and bio-retention cell were selected as technologies, and the
LID parameter optimization was analyzed. A climate change scenario (RCP 8.5) was selected as the
precipitation scenario, and the amount of runoff and runoff reduction were evaluated. As a result of the
simulation, the total runoff the total runoff was 258.1 m® when the LID technology was not installed, but
when all LID technologies were applied, the total runoff was reduced by 40.3%, and the peak runoff was
improved by 39.6%. In order to reduce the runoff by 15%, more than 40% of the LID should be installed
in the usable area.

Keywords : Low Impact Development(LID), Landscape Guideline, Water Circulation System, Rain-barrel,
Bio-retention Cell
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1. M2
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715835} A& Bl F H AFHCE AREE AU
2] 2= RCP (Representative Concentration Pathways)
7} 12, RCP AlUZ o4& Flefo] 5 B2 J5
299 FAY A7 e A0 & oS3t RCP Al
Ug &= Table 13 22 B9E 7IKH, 15X E
RCP 8.5 AlYd o= 7FY fdsitiar H7pity qlrt
(3.4]. 2 71 Y 2 F 83t A7t solval
Aol skl vl A4 HolHE &8% A=
o] AsE AMEjo]tt, Kim and Kang (2021)2 RCP 4.5
AUz 28} RCP 8.5 AlUE| 25 E85t0], AE&A] AY
9] &% 7FsA3E EASIITH3L sHAlR, ok T
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Table 1. Definition of RCP Scenario

LID A9 45 AT 48 59 74 7¥st
= dEHQI YHEOSZE SWMM (Storm Water
Management Model)°o] 9tk SWMML  ©|=
EPA(Environmental Protection Agency)ollA 7HEE
RdgA, molz 9 o= Hiedd 22 Grey
Infrastructure®] 9 Alo] A= 4= A2 EXE
Brkstr] et e g ol AREH5]. 7MY 419
m2 79l EPA SWMM 5.2 o4 Tiglxal 9 LID
£ 283 {EEY 584E UK 4 Qloh A9V
%2+ Rain Garden, Bioretention Cells, Vegetative
Swale, Rain Barrel 5 87FA|o|tH6]. SWMME &85t
2] AFARIZ Bae and Lee (2019)= LID A]A49] &
& AE, A5, =AY 4848 52 7K
tH7]. Frassman-Beck and Saleh (2021) 2 4|32
9] B 24 50 Uizt ESHEE EY 5 I HH
£ JNdskitHSI.

SU9] A8 AFA R Bae et al. (20192 7719
AdE &8st R B A5 A4 A+ Y
|99 4= AFEIAE HEHI. Kim et al (20142
LID AU RE oty A& HAER Hilel=
& ALFES H7IFATH10l. Shin and Chang
(2020)2 PFBSAETTA 1-5 LAY FHES o
Ao Aol AEEZ AYst=t] AFTNE 7138 A
Bop7] gt W ET 27E AAIRE HE QITH11D. Yeon
et al (20142 ¥4 HAF YS 5719 4p9oz
Tgsta, 2719] LID AUE] & &8ste] tiidx] &
& 54 BA519H12]. Oh et al (20102 % <
A FH F99 SWMM 2ES 15011 A/ EF
FHEA F7M] OE {5 HIE EAsHrH13]

QA AT AYATE2 HE Sk T E-E5to]
I FEA% a0 2461 olo Sy WS

o
o

Climate Change Scenario Description CE?FZheCCY)r;;in;'laOt(i)c))n
RCP 2.6 Instaneous greenhouse gas reduction 420 ppm
RCP 4.5 Substantial achievement of greenhouse gas reduction policy 540 ppm
RCP 6.0 Fair achievement of greenhouse gas reduction policy 670 ppm
RCP 8.5 Greenhouse gas emssion as current trend 940 ppm
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Fig. 1. Site Analysis: Sangdo-dong
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(a) Schematic of Rain-barrel

(b) Filter for Rain-barrel
Fig. 2. Field Survey
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2.3 SWMM B3y =

2.3.1 SWMM E&71=

SWMM 2&2 A Al 7] §389 7|24=7t 28
g, Wit el AR AP 9 g BAARE, TA
4 g A8, Z8A AR o] Yot} (Bae et
al., 2019).

7189 APATES AEES o, SWMM REZ
DEM A4E B ktot &f9 ARE ddstAY
AutoCAD 55 &8st= WS ARSSIth skARL, 7]
£9] RdE2 HE SeHA s BEAE= F0t
Wol, & AFHIAIQ] st o] WiEo] W L%
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Create an .inp file with nodes attribute using the
manhole status data of the target site

Create Links and Subcatchments with SWMM
referring to the sewage pipe status

Converting parameterized .shp files to .inp
flles to run SWMM simulatlons

Fig. 3. SWMM model creation using R and ArcGIS
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Table 2. Design Criteria of Drain Facility

Bio-retention Cell Rain Barrel
Devision Parameter Reference [7] Oi?;;?;zi?;n Reference [17] 01;?;;?;2::)11
Bern Height 609.6 80 - -
Surface Vegetation Volume 0.9 0.9 - -
Surface Roughness 0.239 0.239 - -
Surface Slope 0.01 0.01 - -
Thickness 200 110 - -
Porosity 0.64 0.66 - -
Field Capacity 0.2 0.2 - -
Soil Wilting Point 0.05 0.03 o N
Conductivity 12.7 12.7 - -
Conductivity Slope 5 5 - -
Suction Head 127 100 - -
Thickness 457.2 457.2 2,000 80
Storage Void Ratio 0.75 0.75 - -
Seepage Rate 254 254 - -
Clogging Factor 0 0 - -
Flow Coefficient 12.7 12.7 0 0
Flow Exponent 0.5 0.5 0.5 0.5
Offset 76.2 76.2 6 6
Drain Drain Delay - - 72 72
Open Level 0 0 0
Closed Level 0 0 0
Control Curve 0 0 0 0

233 LID @47
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23] 7ol 52 F 1S w Rain-barrel®] 32,

A wame 7 Gt ST 2 dFelAe 222 SWMM LID
-Kel

2kS BAM3519t} Bio-retention Cell®] 79 Parameter AHof ot FHA 0.08 mE Hdoto

q.]_.rizjgl LID 7]$§ ;G.g.g_,_ %X]‘i‘_}, }\13/\] = EA] ‘Q“j/kol *}ﬂﬂcﬂq’ "cl)*] 7]5‘ ] ‘ﬂrﬂ}*ﬂ —713 ] tﬂﬁ

AU} A Fol=

ol g2 Aot BB =2 R

L A

— —1o

517] o]t To] Qi o]y 257 AAER Fe AL Ao HAL *}7‘40]-9&\:}.
FHES sl4ol] oAl Fig. 13 7ol P& 8x14 o] AL 7|&9 WA FL H|Lo] U= LD AU =
}Oﬂ Bio-retention  Table 3% 2Tt

Celle Mt AZS Systeict. MZolgAH 4

Table 3. Concerning Landslides status in Domestic and Overseas

Conditi LID Scenario Scenario LID Area (Ratio) Apply
on No. 100% 80% 60% 40% 20% Position
w/o ) ~ ~ B ~ ~
LID As is now 1

Application of 2 11665825 | 933.266.00 | 559.959.60 | 223.983.84 | 4479677 | FPuilding
Bio-retention Cell (housing)
LD Application of 3 19,781.47 15.825.18 9,495.11 3,798.04 759.61 Side road
Applic | Bioretention Cell
ations Simultaneous Side road,
applications of 4 1,181,418.6 945,134.88 567,080.93 226,832.37 45,366.47 - road,
X Building
scenario 2 and 3
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Table 4. Rainfall Scenario Analysis

Cumulative distribution Sectional distribution Maximum Precipitation in 2068
Divisi
on 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
Quartile | Quartile | Quartile | Quartile | Quartile | Quartile | Quartile | Quartile | Quartile | Quartile | Quartile | Quartile
10 1.09 2.44 0.14 2.63 1.09 2.44 0.14 2.63 3.59 8.04 0.47 8.66
20 13.79 2.57 2.28 3.20 12.70 0.13 2.14 0.57 45.45 8.46 7.52 10.54
30 29.78 4.74 4.75 3.58 15.99 2.17 2.47 0.38 98.16 15.62 15.66 11.80
40 44.53 10.75 7.15 3.63 14.75 6.01 2.40 0.05 146.78 35.44 23.56 11.97
50 56.04 20.59 9.81 6.47 11.51 9.84 2.66 2.84 184.73 67.87 32.34 21.34
60 64.02 33.15 13.41 10.61 7.98 12.56 3.60 4.13 211.04 109.28 44.20 34.97
70 69.19 46.84 18.63 15.22 5.17 13.68 5.22 4.61 228.08 154.38 61.41 50.16
80 72.70 60.00 25.94 19.62 3.51 13.16 7.30 4.40 239.64 197.76 85.49 64.67
90 75.69 71.30 35.41 23.53 2.99 11.31 9.47 391 249.50 235.03 116.72 77.56
100 79.01 79.95 46.69 27.18 3.31 8.65 11.28 3.65 260.42 263.55 153.91 89.59
110 82.99 85.78 59.00 31.30 3.99 5.83 12.30 412 273.56 282.75 194.46 103.19
120 87.48 89.23 71.19 36.97 4.49 3.44 12.19 5.67 288.35 294.11 234.66 121.87
130 91.87 91.20 82.00 45.29 4.38 1.97 10.81 8.32 302.81 300.60 270.28 149.28
140 95.34 92.81 90.25 56.96 3.47 1.61 8.25 11.67 314.24 305.91 297.49 187.74
150 97.22 94.98 95.24 71.69 1.89 2.18 4.99 14.73 320.46 313.08 313.93 236.29
160 97.39 97.96 97.15 87.48 0.17 2.98 1.91 15.79 321.02 322.89 320.22 288.34
170 97.50 99.89 97.56 99.75 0.11 1.93 0.41 12.27 321.37 329.26 321.58 328.78
180 100.00 100.00 100.00 100.00 2.50 0.11 2.44 0.25 329.62 329.62 329.62 329.62
350
® Dongjak-gu
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~
<
= 250
£
=}
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=)
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=
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-
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=
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0
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Fig. 5. Predicted Precipitation per day (RCP 8.5)
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35 35 35
LID Ratio LID Ratio LID Ratio
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8 —o0— 0% —0o0— 0% % —o0— 0%
\ —x— 20% —x— 20% \ —x— 20%
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(a) Scenario 2

(b) Scenario 3

(c) Scenario 4

Fig. 6. Comparison of Runoff for each LID Application Scenarios

Table 5. Runoff Results from LID Application Scenarios

LID Application Scenarios
LID Scenario
100% 80% 60% 40% 20% 0%
155.96 176.39 196.82 217.27 237.69 258.1
(39.6%) (31.7%) (23.74%) (15.8%) (7.9%) ’
Scenario 2
19.96 22.52 25.07 27.62 30.18 32.72
(39.0%) (31.17%) (23.4%) (15.6%) (7.8%) :
256.42 256.74 257.08 257.43 257.76 258.1
0.7%) (0.5%) (0.4%) (0.3%) 0.1%) )
Scenario 3
32.51 32.55 32.59 32.64 32.68 32.72
(0.6%) (0.5%) (0.4%) 0.2%) 0.1%) ’
154.18 174.98 195.77 216.56 237.38 258.1
(40.3%) (32.2%) (24.1%) (16.1%) (8.0%) :
Scenario 4
19.75 22.35 24.94 27.54 30.13 3272
(39.6%) (31.7%) (23.8%) (15.8%) (7.9%) ’
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