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Abstract

This study aimed to assess runoff reduction performance and determine installation priorities for Permeable Pavement (PP) and Rain
Barrel (RB) within the Mokgam Stream basin. Optimal design parameters were determined to maximize the effectiveness of PP and RB
in reducing runoff. Furthermore, the optimal parameters were incorporated to compare the runoff reduction performance of PP and RB.
Analysis of the runoff curve at the basin outlet indicated that PP demonstrated superior performance in reducing runoff during the rising
limb of the curve. At the same time, RB excelled within the falling limb. Comparisons of total runoff and peak runoff reduction by
sub-catchment revealed that in larger sub-catchment areas, PP outperformed RB in runoff reduction. In contrast, RB exhibited higher
performance in areas with a higher impervious ratio. Based on the evaluation of runoft reduction performance for PP and RB, installation
priorities were determined within the Mokgam Stream basin. The results showed that PP and RB installations were prioritized for
sub-catchments with larger areas and a higher impervious ratio. Furthermore, the correlation between the ranking of runoff reduction
performance and sub-catchment characteristics showed a high correlation with both the impervious area ratio and sub-catchment
geometrical properties in sub-watersheds exhibiting the top 25% runoff reduction performance. These results emphasize that when
determining the priority for installing LID facilities in developed urban areas, it is necessary to consider not only the impervious area
ratio but also the geometrical properties of the sub-catchment.
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Table 1. Weighting factors for evaluating prioritization of LID facility installation

Weighting factorCase
Peak runoff reduction | Total runoff reduction | Peak runoff reduction rate | Total runoff reduction rate . Sum
(ms) (m?) %) %) Runoff coefficient
1 0.2 0.2 0.2 0.2 0.2 1
2 0.4 0.15 0.15 0.15 0.15 1
3 0.6 0.1 0.1 0.1 0.1 1
4 0.15 0.4 0.15 0.15 0.15 1
5 0.1 0.6 0.1 0.1 0.1 1
6 0.15 0.15 0.4 0.15 0.15 1
7 0.1 0.1 0.6 0.1 0.1 1
8 0.15 0.15 0.15 0.4 0.15 1
9 0.1 0.1 0.1 0.6 0.1 1
10 0.15 0.15 0.15 0.15 0.4 1
11 0.1 0.1 0.1 0.1 0.6 1
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Table 2. Layers used to model different types of LID units (USEPA, 2016b)

Vertical Layer
LID Type - - -
Surface Pavement Soil Storage Drain Drainage Mat
Permeable Pavement ¢} ¢} X (6] x
Rain Barrel O O

O: required, x: optional
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Table 3. Parameter optimization range for permeable pavement

Layer Parameter Min Reference (Kim et al., 2022) Max
Berm Height 1.35 1.5 1.65
surface Vegetation Volume 0 0 0
Surface Roughness 0.0135 0.015 0.0165
Surface Slope 0.9 1 1.1
Thickness 162 180 198
Porosity 0.36 0.4 0.44
Field Capacity 0.0558 0.062 0.0682
Soil Wilting Point 0.0216 0.024 0.0264
Conductivity 2286 2540 2794
Conductivity Slope 432 48 52.8
Suction Head 45 50 55
Thickness 405 450 495
Storage Void Ratio 0.567 0.63 0.693
Seepage Rate 3.6 4 4.4
Flow Coefficient 0.207846 0.23094 0.254034
Drain Flow Exponent 0.45 0.5 0.55
Offset 270 300 330
Thickness 180 200 220
Pavement Void Ratio 0.144 0.16 0.176
Permeability 54 60 66

Table 4. Parameter optimization range for rain barrel (USEPA, 2016b)

Parameter Min Default Max
Barrel Height 0 450 900

Layer

Storage
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Fig. 5. The reduction impact of optimal PP design parameter application on sub-catchment water cycle improvement (Total runoff reduction
rate (%): Total_Q; Peak runoff reduction rate (%): Peak_Q; Runoff coefficient reduction rate (%): Runoff_C)
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Fig. 6. The reduction impact of optimal RB design parameter application on sub-catchment water cycle improvement (Total runoff reduction
rate (%): Total_Q; Peak runoff reduction rate (%): Peak_Q; Runoff coefficient reduction rate (%): Runoff_C)

35l PPt RBO] # 2] AARIAE 283t Fig. 7 PPe}
RBO| X WAL 1%-20%% WA 7|0 & G- A7
(m)) T AF8ET A5 (%) Q] W52 v weh Jefmolct.
Fig. 7(a)t= PPLIRBE] A X WA Wslof| w2 F §-E57F 34
& v ATtoltt. LID A A %] A 0] 11% olstd of
£ PP 5= &7 A4t 450l RBETH 43 A 0 = Liet
o 13% oldd wi=RB2] Ad50] B 93t A o = Uef
uioh ¥, AF-RET AES LE Alue] 2o tisl PPt
RBEC} 943 A58 LFEFLE. Liu et al. (2021)0]] k24
PPO] 7144H]-8-2 53~81 USD/m’, RBS] 7AH]-&-2 1.91

USD/m*2 H 1 v} 9}, whabA] &3 A a-go] fARE
11% 2292 A uta] @ 172 A] PP7}RBET} 27.7~424] wk
2 dikS = Q 2 5b7| mhEof oakS 1123t 749 RB L] A %]
a&o] PP Hr} oty TEst 4= 9t

PP2}RB 2] 2|0 w2 -{-E7F 27 S H]wlo}7] 28l
B 59 E70lA fEFAAIE HEFE Bt 72

-8t Fig. 82 AFfratdol 28sh=20221 8 8
19:40~89 9 00:28 7|7+9] F-=F AAG ®Ig} 18z et



S.-T. Chae et al. / Journal of Korea Water Resources Association 56(12) 905-918 913

B Permeable Pavement

5 4 ®mRain Barrel

Reduction amount of total runoff (1 10° m?)
w

1% 3% 5% 7% 9%

11%  13% 15% 17% 19% 20%

LID area ratio (%)
(a) Total runoff reduction

30

B Permeable Pavement

25 4 mRain Barrel

20 A

Reduction rate of peak runoff (%)

1% 3% 5% 7% 9%

11% 13% 15% 17% 19% 20%

LID area ratio (%)
(b) Peak runoff reduction

Fig. 7. Comparisons of runoff reduction performance between rain barrel (RB) and permeable pavement (PP) at the basin outlet
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Fig. 8. Comparisons of total runoff reduction at the basin outlet with 11% of the area covered by LID installations
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Fig. 9. Comparisons of total runoff reduction by sub-catchment according to LID facility installation
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Fig. 10. Comparisons of peak runoff reduction by sub-catchment according to LID facility installation
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Fig. 11. Reduction of lateral inflow to the Mokgam stream using infiltration and storage facilities according to distance
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Table 5. Relations between sub-catchment characteristics and runoff mitigation performance

Correlation with runoff mitigation performance

LID Quantile : ; -
Area (4) Impervious area ratio Width (W) Surface slope Form factor (F= A/L?)
Permeable 25% -0.06 0.68 -0.46 -0.35 -0.87
Pavement 100% 0.32 0.78 0.40 -0.24 0.25
25% -0.33 0.79 -0.69 -0.71 -0.59
Rain Barrel
100% 0.18 0.86 0.30 -0.31 0.28
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