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Abstract : Impervious covers(IC) are artificial structures, such as driveways, sidewalks, building’s
roofs, and parking lots, through which water cannot infiltrate into the soil. IC is an environmental
concern because the pavement materials seal the soil surface, decreasing rainwater infiltration and

natural groundwater recharge, and consequently disturb the hydrological cycle in a watershed.
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Increase of IC in a watershed can cause more frequent flooding, higher flood peaks, groundwater

drawdown, dry river, and decline of water quality and ecosystem health. There has been an

increased public interest in the institutional adoption of LID(Low Impact Development) and
GI(Green Infrastructure) techniques to address the adverse impact of IC. The ohjectives of this study
were to construct the modeling site for a samll urban watershed with the Storm Water Management
Model(SWMM), and to evaluate the effect of various LID techniques on the control of rainfall runoff
processes and non-point pollutant load. The model was calibrated and validated using the field

data collected during two flood events on July 17 and August 11, 2009, respectively, and applied to

a complex area, where is consist of apartments, school, roads, park, etc. The LID techniques applied

to the impervious area were decentralized rainwater management measures such as pervious cover

and green roof. The results showed that the increase of perviousness land cover through LID

applications decreases the runoff volume and pollutants loading during flood events. In particular,

applications of pervious pavement for parking lots and sidewalk, green roof, and their combinations
reduced the total volume of runoff by 15~61 % and non-point pollutant loads by TSS 22~72 %, BOD
23~71 %, COD 22~71 %, TN 15~79 %, TP 9~64 % in the study site.

Keywords : Impervious cover(IC), LID, SWMM, Urban watershed, Non-point source pollution
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Table 1. Landuse status of Kwanpyeng Stream watershed

Building and Apartment Park and bare land Parking lot Driveway Total
Area(m?) 330,058.33 888,787.09 485,223.11 98,649.77 1,802,718.30
Ratio(%) 1831 49.30 26.92 547 100

L g7 9 299 74
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Figure 1. (a) Satellite image and (b) SWMM drain networks for Kwanpyeng Stream watershed
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Table 2. Areas and percentages of each land use in the complex areas

Land use Roof Parking lot Driveway Playground Sidewalk Park
(m*/%) (m*/%) (m*/%) (m*/%) (m*/%) (m*/%)
38,402.94 34,750.05 30,062.30 19,693.81 9,509.14 15,021.64
complex areas
26.05 23.57 20.39 13.36 6.45 10.19
24,662,40 m’(19,62 %), 101,013,43 m*(80,38 %)°| 1L, EE ArcGIS 9.2 L2735 o]&- 223519t
Eouz] o] §8F ofshEY £5 % oh, o)
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Figure 2. (a) Satellite image and (b) SWMM drain networks of the complex area
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Table 4. CN values used for LID techniques and hydrological

soil group
LID technique Hydrological soil group
A B C D
Pervious driveway 70 80 85 87
Pervious parking lot 46 65 71 82
Green roof 85 85 85 85
Pervious sidewalk 70 80 85 87

Table 3. Characteristics of SWMM

Section

Characteristics

Application watershed ity

+ Watershed having artificial drainage system

Temporal characteristics

« Possible to calculate at single event rainfall, continuous rainfall
« Computing time interval is able to control about rainfall event.

Spatial characteristics

» Possible to apply on random drainage area
« Each drainage area is able to be synthesized/separated.
+ Drainage basin is able to compose of 200 subbasin, channel and conduit.

Physical characteristics * Channel / conduit

* Runoff'is occurred by rainfall and snow-melting
« Surface runoff is calculated by nonlinear storage equation
» Using Horton or Green-Ampt equation at calculation of infiltration

(D RUNOFF - Nonlinear storage equation
(2) TRANSPORT - Kinematic equation
(3 EXTRAN - Dynamic equation, continuity equation
» Using Modified-Pulse method ; assumes parallel surface

Interoperability

+ WASP, DYNHYD, HEC, STORM, QUAL-l etc.
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Table 5. SWMM simulation scenarios applied to Kwanpeyng Stream Watershed

Scenario Impervious Cover Reduction Techniques Impervious(%)
KS-S1 Initial condition 50.7
KS-S2 Parking lot and Sidewalk = Pervious cover 23.78
KS-S3 Apartment and Building = Green roof 32.39
KS-S4 Parking lot and Sidewalk = Pervious cover Apartment and Building = Green roof 547
Table 6. SWMM simulation scenarios applied to the complex landuse area
Scenario Complex area Impervious(%)
CL-S1 Initial condition 76.45
CL-S2 Sidewalk = Pervious cover 70.01
CL-S3 Apartment and building = Green roof 50.41
CL-S4 Parking lot = Pervious cover 52.89
CL-S5 Sidewalk = Pervious cover Parking lot = Pervious cover 46.44
CL-S6 Sidewalk = Pervious cover Apartment and building = Green roof 43.96
CL-S7 Parking lot = Pervious cover Apartment and building = Green roof 26.84
CL-S8 Sidewalk = Pervious cover Parking lot = Pervious cover Apartment and building = Green roof 20.39
BVl sl @S] EXolSAHE 72 (2) EAo]-8E £ ARV A4 a3} 24
=8 BHE dAH R A8 AT e s 23870 BELuo| s Exjo]gof wel =
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Figure 3. Graphical description of LID techniques applied to the complex landuse area
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Table 7. Model parameter used for SWMM application to simulation

Manning’s n for

Manning’s n for

Depression storage for | Depression storage for

Manning’s n for conduit

Impervious area Pervious area impervious area (mm) pervious area(mm)
0.012 0.12 5.1 0.015
Table 8. Pollutant parameter used for SWMM application to simulation
Build up(POW) Wash off(EXP)
Pollutant - -
Max Build up Rate Constant Power/Sat. Constant Coefficient Exponent
TSS 20 0.38 0.8 0.5 0.65
BOD 20 0.28 0.90 0.5 0.79
COD 20 0.31 0.8 0.48 0.7
TN 5 0.0075 0.75 0.5 0.7
TP 0.5 0.008 0.85 0.5 0.79
(Green et al.,2006), 0.6 o] AF 3 0.5 o] A

(Ramanarayanan et al.,

1997; Santhi et al.,
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Figure 4. Comparisons of observed and simulated hydrographs during the calibration period(‘09.07.17) and verification
period(‘09.08.11)
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