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Abstract

Active stormwater management is essential to minimize the impact of urban development and improve the hydrological
cycle system. In recent years, the Low Impact Development (LID) technique for urban stormwater management is
attracting attention as a reasonable alternative. The Storm Water Management Model (SWMM) is actively used in urban
hydrological cycle improvement projects as it provides simulation functions for various GI (Green Infra) facilities through
its LID module. However, in order to simulate GI facilities using SWMM, there are many difficulties in setting up
complex watersheds and deploying GI facilities. In this study, a model that can evaluate the performance of GI facilities
is proposed while implementing the core hydrological process of GI facilities. Since the proposed model operates based
on hydrological routing, it can not only reflect the infiltration, storage, and evapotranspiration of Gl facilities, but also
quantitatively evaluate the effect of improving urban hydrological cycle by GI facilities. The applicability of the proposed
model was verified by comparing the results of the proposed model with the results of SWMM. In addition, a discussion
of errors occurring in the SWMM's permeable pavement system simulation is included.
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1. A-' % (Krebs et al., 2013; Baek et al.,, 2015; Rosa et al., 2015;

Choi et al., 2020; Panos et al., 2020). ©]of T&o]A GI A]
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Fig. 1. Software development procedure.
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Table 1. Changes of LID facilities
BR IT PP VS
Rainfall characteristic ASOS 21 meteorological sites
Soil type NRCS Hydrological Soil Group A/B/C/D
Subcatchment Area, % of Impervious Area, Percent of Facility Area
Surface 150, 300, 600 - 0.75, 1.5, 3 H, 0.2, 0.4, 0.8
Soil layer 300, 600, 800 - 15, 30, 45, 60 S, 1.5, 3,6
Para—meter Pavement - - 100, 200, 400 w, 2.2, 44, 8.8
Storage 300, 450, 600 750, 1500, 3000 300, 450, 600, 900 vegf 0.04, 0.15
Underdrain Install status Install status, Underdrain offset height -

=0 ol H3tE FoUth AZE o] AFS g GI A4 EFS, ARS w019 ¥4, 183 underdrain -7 THE
H ZHA|SE 17 A2 Table 13} 2t AHE: Alva] o4 ¥ At A RETE Hlusllt. AREEe A AdHA
AEE AR 99 AR AAER dFEE ZEAYe I FFHA O] H], A7 =o| HF, underdrain F-Fol &
2 2-g3519cHChoi et al., 2019). FaEs7 vnEdnh. B TR AE AdH o
SFHAO] H] FHE TAE ESE 2F= underdrain
3. 9N U E=Z offset &°] W7, underdrain -7l T Z-9-F=7 HlL
Hlok vt g AR AEHAT} kAo
3.1 HRGIM?| 0IZt= ELM H] AJAH 9] o] 4=3/4=Z] H|, AR EH] A oE 7}
o 9zs2 ulwsrh A AlYe] MAL 7 A BEA

HRGIMS| A5 H7H= GI AAl0] A4lo] A" Aes 1
:];]-oqq: gtk olof] Z+ GI Al Aol Ao wE vade

BHS 235te] HRGIMTF SWMMe] mo] Ak u]mshy] o] AAEE AdER PR ZEAIEeR 1Sty
ot EJ} Hl S U7 HOH Hak 4 ddo= 19819 AldE A3 Table 2-5 9 Fig. 2-50 Yehideh
HE 2018W7H 9] A7|7F 65 molE SaEint AldE wiziRe o] e TP 2 eake2 ARARFA
YR A2 AAHAT GFAA] H|(), BHZ oA 4.68%, AEEZONA 3.51%, T4 EHNA 4.65%,

Table 2. Error rate of stormwater depth from BR simulated using HRGIM and SWMM

A= 71Eer dA Hler 2AEHI ‘H%‘El% R

¢ 0.02 0.04(default) 0.06 0.08 0.10
Drain O -2.00% -1.69% -2.15% -3.03% -3.93%
Drain X -1.7%% -0.29% 1.19% 2.54% 4.21%
D,y face (M) 200 250 300(default) 350 400
Drain O -3.79% -2.69% -1.69% -0.77% 0.07%
Drain X -4.63% -2.05% 0.35% 2.57% 4.68%
D, ;(mm) 500 550 600(default) 650 700
Drain O 0.01% -0.85% -1.69% -2.50% —-3.28%
Drain X 2.01% 0.83% -0.29% -1.35% -2.34%
D,y (mm) 200 250 300(default) 350 400
Drain O -1.65% -1.66% -1.69% -1.74% -1.75%
Drain X -0.07% -0.17% -0.29% -0.39% -0.48%
Table 3. Error rate of stormwater depth from IT simulated using HRGIM and SWMM
é 0.01 0.03(default) 0.05 0.07 0.09
Drain O -2.13% -0.52% 0.34% 0.39% 0.20%
Drain X -3.34% -3.46% -3.34% -3.18% -3.10%
D,y () 1300 1400 1500(default) 1600 1700
Drain O -0.39% -0.45% -0.52% -0.61% -0.71%
Drain X -3.39% -3.43% -3.46% -3.49% -3.51%
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Table 4. Error rate of stormwater depth from PP simulated using the LID facility simulation model and SWMM

¢ 0.2 0.5(default) 1.0 1.5 2.0
Drain O 0.20% 1.82% 1.89% 2.11% 0.75%
Drain X -0.44% 0.63% 0.15% -0.05% -1.59%

D, face (mm) 0.5 1.0 1.5(default) 2.0 2.5
Drain O 1.19% 1.52% 1.82% 2.11% 2.39%
Drain X 0.01% 0.34% 0.63% 0.92% 1.20%

D,vement (mm) 100 150 200(default) 250 300
Drain O -2.90% -0.15% 1.82% 3.43% 4.48%
Drain X 4.65% 2.62% 0.63% -1.26% -3.45%
D, (mm) 20 25 30(default) 35 40
Drain O 0.32% 0.88% 1.82% 2.59% 2.46%
Drain X -1.15% -0.42% 0.63% 1.59% 2.01%

D, rage (M) 350 400 450(default) 500 550
Drain O 1.82% 1.82% 1.82% 1.82% 1.82%
Drain X 0.63% 0.63% 0.63% 0.63% 0.63%

D, in (mm) 200 250 300(default) 350 400
Drain O 1.90% 1.87% 1.82% 1.76% 1.70%

Table 5. Error rate of stormwater depth from VS simulated using HRGIM and SWMM

10) 0.05 0.075 0.1(default) 0.125 0.15
2.74% 3.42% 3.98% 4.50% 4.99%
H (mm) 300 350 400(default) 450 500
5.36% 4.66% 3.98% 3.32% 2.67%
S, 1.5 2 3(default) 4 5
5.60% 5.60% 3.98% 2.60% 1.68%
W, (m) 3.6 4.0 4.4(default) 4.8 5.2
2.95% 3.49% 3.98% 4.41% 4.79%%
vegf 0.01 0.025 0.04(default) 0.055 0.07
3.94% 3.96% 3.98% 4.00% 4.02%
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Fig. 2. Comparison of stormwater depth from BR simulated using
HRGIM and SWMM.
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Fig. 3. Comparison of stormwater depth from IT simulated using
HRGIM and SWMM.
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Fig. 7. Main features of HRGIM.
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Table 6. Stormwater depth from SWMM

Infiltration
NRCS Soil Type A B C D
Seepage rate(mm/hr) 7.62 3.81 1.27 0
Stormwater depth(mm/yr) | 520.64 | 519.55 | 518.02 | 346.89
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Fig. 9. Results from SWMM in soil type B.
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Table 7. Stormwater depth from HRGIM

NRCS Soil Type A B C D
Seepage rate(mm/hr) 7.62 | 3.81 | 1.27 0
Stormwater depth(mm/yr) | 517.61 | 649.58 | 823.94 | 1259.82
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