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Abstract

The increase of impervious cover (IC) in a watershed is known as an important factor causing alteration of water cycle,
deterioration of water quality and biological communities of urban streams. The study objective was to assess the impact of 1C
changes on the surface runoff characteristics of Kap Stream basin located in Geum river basin (Korea) using the Storm Water
Management Model (SWMM). SWMM was calibrated and verified using the flow data observed at outlet of the watershed
with 8 days interval in 2007 and 2008. According to the analysis of Landsat satellite imagery data every 5 years from 1975 to
2000, the IC of the watershed has linearly increased from 4.9% to 10.5% during last 25 years. The validated model was applied
to simulate the runoff flow rates from the watershed with different IC rates every five years using the climate forcing data of
2007 and 2008. The simulation results indicated that the increase of IC area in the watershed has resulted in the increase of
peak runoff and reduction of travel time during flood events. The flood flow (Qss) and normal flow (Q1so) rates of Kap Stream
increased with the IC rate. However, the low flow (Qz7s) and drought flow (Qsss) rates showed no significant difference. Thus
the subsurface flow simulation algorithm of the model needs to be revisited for better assessment of the impact of impervious

cover on the long-term runoff process.
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Fig. 1. GIS maps for DEM and dope of Kap Stream basin.
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Table 1. Characteristics of SWMM
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Fig. 2. Configuration of SWMM.
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Section

Characteristics

Application watershed - Urban watershed

- 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.

- Possible to apply on random drainage area

Spatial characteristics

- Each drainage area is able to be synthesized/separated.

- Drainage basin is able to compose of 200 subbasin, channel and 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

Physical characteristics * Channel / conduit

(D RUNOFF - Nonlinear storage equation

(@ TRANSPORT - Kinematic equation
(3 EXTRAN - Dynamic equation, continuity equation
- Using Modified-Pulse method ; assumes parallel surface

Interoperability

- WASP, DYNHYD, HEC, STORM, QUAL-II etc.
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Table 2. Geophysical and hydrological characterigtics of each sub-basin used for SWMM
Subcat- Outlet Area Width | Slope | Impervious | CN Subcat- Outlet Area | Width | Slope | Impervious | CN
chment (ha) (m) (%) (%) Value  chment (ha) (m) | (%) (%) Value
S1 Outl 666.2 1383.7 | 123 39.82 72 S19 | GJ 9 | 2615.0 |2671.7| 188 16.70 66
S2 GJ1 3837 12778 | 94 49.17 73 S20 | DJ 2 | 1573.6 | 1662.5| 18.4 4351 63
S3 GJ 2 959.9 13789 | 17.8 20.17 59 S21 | DJ2 | 7917 |1459.2| 111 63.46 74
A GJ 2 777.8 12845 | 95 27.94 71 S22 | GJ 9 | 18329 |17394| 14.2 23.10 65
S5 GJ3 1992.6 24547 | 153 36.30 67 S23 | DJ_3 | 2706.9 | 2623.1| 31.7 15.14 60
S6 GJ 6 2065.8 21823 | 143 24.64 64 S24 | YJ 4 | 7844 |14615| 19.9 29.07 66
S7 GJ5 661.3 11772 | 6.6 65.64 75 S25 | GJ 15| 2935.3 |2907.7 | 30.1 3.04 60
S8 GJ 6 475.7 847.6 5.9 70.76 73 S26 | YJ 5 | 1669.4 |2189.3| 29.2 5.63 55
39 GJ5 3720 1023.7 | 35 63.83 75 S27 | GJ_10| 4711.9 | 2418.4| 305 351 60
S10 GJ 7 3096.8 2813.6 | 19.0 27.43 67 S28 | GJ 11| 1537 | 741.0 | 24.6 1.38 58
S11 YJ 1 499.5 8117 | 138 60.50 67 S29 | GJ 12| 4127.2 |2385.1| 22.2 7.83 68
S12 GJ 7 133.2 557.3 5.8 51.55 78 S30 | DJ 4 | 2919.2 | 2570.6 | 44.6 2.82 59
S13 YJ 1 64.9 399.0 1.9 59.24 84 S31 | YJ 6 | 1734.2 | 1859.5| 385 243 55
S14 GJ8 2184 613.6 55 39.36 74 S32 | GJ 12| 8664.4 | 2931.6| 38.7 313 65
S15 YJ 2 297.1 886.5 2.2 81.38 7 S33 YJ 6 | 2146.6 | 1512.6 | 41.5 241 56
S16 DJ1 627.2 10218 | 129 67.48 69 S34 | YJ 8 | 2716 | 9326 | 384 571 59
S17 YJ 2 363.1 666.7 39 72.46 72 S35 | YJ 9 | 7504.9 | 3706.1| 38.7 3.90 61
S18 YJ 3 1618.6 26673 | 7.3 76.03 70 S36 | YJ 8 | 2511.7 |1709.6 | 43.8 344 53

Table 3. Global model parameters used for SWMM application to Kap Stream basin

Manning's n for
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Manning's n for
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Fig. 4. Comparisons of observed and simulated runoff in
calibration period (2007).
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Fig. 5. Comparisons of observed and simulated runoff in
verification period (2008).

Table 4. R>, RMSE, and El vaues between simulated and
observed runoff flows.

Contents Period R’ RM SE El
Runoff Calibration (2007) | 00902 | 10834 | 0712
Verification (2008) | 0.934 3469 | 0923
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Fig. 6. Linear relationships between observed and simulated runoff flows during (a) cadibration (2007) and (b) verification (2008).
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Table 5. Comparison of runoff with pervious area change
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Date(YY/MM/DD)
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Fig. 7. Vaiations of runoff hydrograph according to the
reduction of pervious area in Kap Stream basin
during the flood event of September 1, 2007.
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Landsat ¥19¥% AEE o] &3t AIHFHol ot
1975978 2000974419 59 ©¢ EXIE HIE By
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= o8 /e Aoz wordnh 94 ARAY 9, A7t
stAY, U], FA, A, 2, 44, &9 8714 FES
2 o] BN RAFAEY &4 G E(Table 6)F ©1&

=z

>

Pervious area decrease 0% 10% 20% 30% 40% 50%
Peak runoff 2007s 87.39 111.00 134.72 157.46 177.16 194.88
(CMS) 2008s 92.26 122.12 134.51 153.78 172.56 190.50
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Fig. 8. Variations of runoff hydrograph according to the reduction of pervious area in Kap Stream basin during the dry day.
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st 9 2 A7SA G S A A 6714 FES T A 799 =g Be fF2F TR Hsds 3
FAGoE Yril 93 AI7FSA 9 2 FAHeR 3 74et7] $18te] Searcy(1959)¢ll <& A A¢E FFA
Foto] A f99 EF4W fz‘r% Table 7l YeRA AT (flow duration curves)s & £4S A Th 19754
A 99 BESFHA vge 19759 3195 kmi(RHY FE 200097HA419 4&49 EF5H HEE SWMM X
WA 4ol H Aol ek ABFA(Fig. 9 FAG el AR WANIH AFAUE ARABLE Hd
Gow, 253 $31 200090l 67.83 km(H<] WA 2] 10.5%) Te-frE RS AAlshal 7%7401] & FFEHE SFA
AR <k 26} o) FAAEATE ol: WEATEA, FRF th EAls BP Uehd §F w8 54 2He 588
AZE ol A E4F ARA], =2 BAMNTE AT, 2 A A9 71Fo] He FHRZFLE FTEH Q) BTEHQuss),
A 5 9 UM A&Holn Sid Exolg Wbt ASBQu), Z5EF(Que)d WS wlm3te o] FolFTH
Fad dloz wodn (Fig. 10, 11).
Table 6. Historica changes of land use in Kap Stream basin from 1975 to 2000 (Unit : km?)
Land use 1975 1980 1985 1990 1995 2000
141 0.77 1.98 1.01 2.15 1.45
1. Waters
(0.2%) (0.1%) (0.3%) (0.2%) (0.3%) (0.2%)
. 3195 35.76 40.72 59.44 65.72 67.83
2. Built-up area
(4.9%) (5.5%) (6.3%) (9.2%) (10.1%) (10.5%)
. 13.30 2397 16.84 18.23 16.68 7.78
3. Bare field
(2.0%) (3.7%) (2.6%) (2.8%) (2.6%) (1.2%)
3.58 0.95 0.04 0 0.85 0.02
4. Wetland
(0.6%) (0.1%) (0.0%) (0.0%) (0.1%) (0.0%)
17.35 13.60 12.04 36.46 21.12 25.71
5. Grassland
(2.7%) (2.1%) (1.9%) (5.6%) (3.3%) (4.0%)
6. Forest 448.70 461.50 439.33 409.32 400.10 388.30
' (69.1%) (71.1%) (67.7%) (63.1%) (61.7%) (59.8%)
2 Paddy field 127.07 66.57 90.55 101.65
- redy fie 13268 11243 (19.6%) (10.3%) (14.0%) (15.7%)
9 0 10.95 57.94 51.81 56.24
8. Upland crop (20.4%) (17.3%)
(1.7%) (8.9%) (8.0%) (8.7%)
9. Total 648.97 648.97 648.97 648.97 648.97 648.97
Table 7. Historica changes of impervious area in Kap Stream basin from 1975 to 2000 (Unit : km?)
Land cover 1975 1980 1985 1990 1995 2000
141 0.77 1.98 1.01 215 1.45
1. Waters
(0.2%) (0.1%) (0.3%) (0.2%) (0.3%) (0.2%)
. 31.95 35.76 40.72 59.44 65.72 67.83
2. Impervious area
(4.9%) (5.5%) (6.3%) (9.2%) (10.1%) (10.5%)
. 615.62 612.45 606.27 588.52 581.10 579.70
3. Pervious area
(94.9%) (94.4%) (93.4%) (90.7%) (89.5%) (89.3%)
4. Total 648.97 648.97 648.97 648.97 648.97 648.97
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Fig. 11. Variations of flow regimes (Qos, Quss, Qurs, Qass) With the changes of total impervious area in 2008.
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Fig. 11. Variations of flow regimes (Ques, Quss, Qu7s, Qass) with the changes of total impervious area in 2008. (continued)
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