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Abstract

This study presents a systematic framework to derive the best values of design and planning parameters for low impact development
(LID) practices. LID was developed to rehabilitate the distorted hydrological cycle due to the rapid urbanization. This study uses Water
Management Analysis Module (WMAM) to perform sensitivity analysis and multiple scenario analysis for LID design and planning
parameters of Storm Water Management Model (SWMM). This procedure was applied to an urban watershed which have experienced
rapid urbanization in recent years. As a result, the design and planning scenario derived by WMAM shows lower total flows and peak
flow, and larger infiltration than arbitrary scenarios for LID design and planning parameters. In the future, economic analysis can be
added for this application in the field.

Keywords: Hydrological cycle, Low impact development (LID), Storm Water Management Model (SWMM), Water Management
Analysis Module (WMAM)
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5171 913t A A7l (low impact development, LID) A4
o] AX=EE THOE AFA o g HEHAY AA|= 1L
Ut TSR LID AJES-2 o3& 1%t S sl A4
T e F o2 QIR mof 7S flol 7B =2 T
LA A9 A5A 0 2 HEE A Tk Collins et al., 2008;
Damodaram et al., 2010; Fassman and Blackbourn, 2010;
Ahiablame et al., 2012). 9]=-2F32(Environmental Protection
Agency, EPA)-2 2009 SWMM (Storm Water Management
Model; Rossman, 2015) %2 & 2] H 2|3H75-2- 7Js1H A ThoF
SHLID A9 4Eot4 ik BT 4 Qes Hgkstol
251908 ol 24K 02 47 B Beks] 1 9t
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al.,2010; Irvine et al., 2015; Ahiablame and Shakya, 2016;
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£ F= 242 231E o Q1] 9th(Finney and Gharabaghi,
2011; Robinson, 2015).
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Table 1. Combination of layers to each LID type (Rossman, 2015)

LID type Surface Pavement Soil Storage Drain Drainage mat
Bio-retention cell O O O x
Rain garden O O
Green roof O O O
Permeable pavement O O x O X
Infiltration trench O O x
Rain barrel O O
Vegetative swale O
Rooftop disconnection O O

O: required, x: optional

retention cell), B1& 73 ¥(rain garden), 244=3SH(green roof),
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2.4 Water Management Analysis Module (WMAM)
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A 2 A3 FAE mi o] it o AluE] 2 24
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Detail sensitivity of LID design parameters
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Fig. 1. Screenshot of steps 4 and 9 of WMAM
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1 Formulation of SWMM for the study area

2 Selection of target sub-watersheds using TOPSIS

3 Selection of applicable LID types

4 Simulation of SWMM without LID

5 Simulation of SWMM with designated LID

6 Sensitivity analysis of LID design parameters using WMAM

7 Scenario analysis based on LID design and planning parameters using WMAM

8 Determination of LID design and planning parameters

Fig. 2. Procedure of this study
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Fig. 3. SWMM modeling map of study area
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Table 2. Design and planning parameters of LID (Zhang and Guo, 2014)

Category Layer Parameter Unit Value
Berm height mm 1.5
Vegetation volume fraction 0
Surface
Surface roughness Manning’s n 0.015
Surface slope % 1
Thickness mm 120
Void ratio 0.16
Pavement Impervious surface fraction 0
Permeability mm/hr 254
Clogging factor 0
Thickness mm 0
Porosity 0.5
Field capacity 0.2
Design Soil Wilting point 0.1
Conductivity mm/hr 0.5
Conductivity slope 10
Suction head mm 3.5
Thickness mm 450
Storage Void ratio 0.63
Seepage rate mm/hr 33
Clogging factor 0
Flow coefficient 1
Drain Flow exponent 0.5
Offset height mm 50
Thickness mm -
Drainage mat Void fraction -
Roughness Manning’s n -
Area of each unit m> 1,000
Number of unit EA 3
Planning Surface width per unit m 1
% initially saturated % 0
% of impervious area treated % 0
Return all outflow to pervious area y/n n

4,

4.1 WMAMQ| OI1Zt
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2
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&l
o]
H
2y )
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A 1670 2= 11919 7o 2 F 1761 9

=T 0>
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Table 3. Results of sensitivity analysis of the design parameters of 2P using WMAM

Design parameters Flow Coefficient (FC) | Flow Exponent (FE) | Offset Height (OH) | Seepage Rate (SR)
Min 0 0 0 0
Inserted value
Max 1 0.5 100 33
Min 45.96 45.96 42.5 28.41
Total Infiltration (mm)
Max 48.78 47.51 44.1 50.38
B Min 279.67 282.27 285.94 279.67
Total Runoff (mm)
Max 284.09 284.09 287.55 300.46
B Min 67.31 68.14 69.32 67.31
Peak Runoff (LPS)
Max 69.32 69.32 69.32 72.06
TI -2.82 -3.1 +0.16 +6.66
Sensitivity TR +4.42 +3.64 -0.16 -6.3
PR +2.01 +2.36 0 -4.75

4.2 LID A|de| MA LU A2l o7 H AlLj2|2 &M

WMAM ] 9 B4 ARE - Fof 1At A nf 7
2 A4 FC(0.1,0.3,0.5,0.7), FE (0.2, 0.3, 0.4, 0.5), OH
(40, 60, 80, 100 mm), SR (0.1, 3.3 mm/hr)S ZFste] & 128
7Ne] Alyte] @ & AASIIL(WMAM 55-A), A E Al yge]
L9 A+F BOlE Foll FAEE, THE, AFAEY a1
(WMAM 6,75H4]) -5 Table 40114 B {11 It SR9]
749= WA E BAAN HAW gEREE S Al E =R
7 71 F AR 0.1743.39] Fh& AHE-SHAT. Table 4=
TAEZO| WAL T 2 ATl A2 ofF 7HA] Alvt
292 Kol 9lom o] uj FCe}t SRS Z+7F 0.1, 3.3
mm/hr 22 AA5FAT, FEQFOH 2] ¥isto] wat S =2,
0%, A5 At ¥iskE Kol it 24 23t
FC7}0.1, FEZ}0.2, OH7}F 100 mm, SR®] 3.3 mm/hr & 73-%-
FHEFol48.64 mmE 7P =2 S B, S A

Table 4. Results of simulated scenarios of design parameters of PP

(7th step of WMAM)
o, Generated scenarios Simulated results
FE OH (mm) | 77 (mm) | 7R (mm) | PR (LPS)
1 0.2 100 48.64 279.96 67.49
2 0.3 100 48.6 280.05 67.57
3 0.2 80 48.57 280.1 67.5
4 0.4 100 48.54 280.17 67.69
5 0.2 60 48.5 280.26 67.51
6 0.3 80 48.5 280.26 67.6
7 0.5 100 48.47 280.31 67.84
8 0.2 40 48.42 280.4 67.52
9 0.4 80 48.4 280.46 67.74

F8250]279.96 mme} 67.49 LPSZ 71 e 22 H it
A @ BA A3} FC= Fhol 2L SRE o] 255 3
7

At AETES Ao = Ve

LID A 2] AA 745 233t AU Fofl A 42
5t a7} 71945t A|U=] (FC: 0.1, FE: 0.2, OH: 100,
SR:3.3)5 ©]-835}1(WMAM 8¢HA]) Table 52} Zo] LID A|
0] A1 g 7R g=o]] gk Aute] @5 A4 SHFITHWMAM
9tHA)). LID A ] HA(A0EU).C 2= 1,000 m*2}2,000 m?,
A 9] N 4(NoU)ZE 370, 470, 57H, 271 ESH=(PIS)=
30%, 40%, 50%, 60%, =FTH2| H|-&(PoIAT)Z 10%,
20%, 30%, A4 2] Z(SWpU) L 2=20met40 m, RE-G=
Fe F42 0 2 FHA(RAOPA) S 2= Yes (0)2HNo (1)
E 5o AE iis= Z9sto] 28872 Aluhg]
AY7dstal Hojstit.
A 28871 ALz 2= WMAM 2] 10941 S S-5f] AH5
LoJstom, Alue] @ B4 A3t AoEU72,000 m*, NoU
7}5 EAR] 790l 728t SHHol A B Q1 A3HE Ho|

Table 5. Generation of LID planning scenarios (9th step of WMAM)

LID planning parameters Unit | Min | Max |Count
Area of each unit (AoEU) m? | 1000 | 2000 | 2
Number of units (NoU) EA 3 5 3
% initially saturated (PIS) % 30 60 4
% of impervious area treated (PolAT)| % 10 30 3
Surface width per unit (SWpU) m 20 40 2
Return all O?gIAO(‘;)Vt;; 1;erv1ous area yin 0 | )
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Fig. 4. Results of sensitivity analysis of LID planning parameters

Table 6. Values of derived best LID design and planning parameters using WMAM

Design parameters

Surf Berm height (mm) Vegetative volume fraction Surface roughness (Manning’s n) Surface slope (%)
urface
1.5 0 0.015 1
P Thickness (mm) Void ratio Impervious surface fraction Permeability (mm/hr) Clogging factor
avement
120 0.16 0 24 0
Thickness . . . o . Conductivity Conductivity Suction head
Sol (mm) Porosity Field capacity Wilting point (mm/hr) slope (mm)
0 0.5 0.2 0.1 0.5 10 35
Thickness (mm) Void ratio Seepage rate (mm/hr) Clogging factor
Storage
450 0.63 33 0
) Flow coefficient Flow exponent Offset height (mm)
Drain
1 0.5 50
Planning parameters
AoEU (m?) NoU (EA) PIS (%) PoIAT (%) SWpU (m) RAOtPA (y/n)
2,000 5 30 30 20 n




J. Y. Song et al. / Journal of Korea Water Resources Association 51(6) 491-501 499
Table 7. Comparative performances for use of WMAM and manual parameter determination
Case Total infiltration (mm) Total runoff (mm) Peak runoff (LPS)
Use of WMAM 128.57 189.01 45.85
Manual parameter determination 48.64 279.96 69.49
Changed ratio 164.33% -32.49% -34.02%
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