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Application of BASINS/WinHSPF for Pollutant Loading Estimation in Soyang Dam Watershed.
Yoon, Chun-Gyeong*, Jung-Yoon Han, Kwang-Wook Jung and Jae-Ho Jang (Department of
Environmental Science, Konkuk University, Seoul 143-701, Korea)

In this study, the Batter Assessment Science Integrating point and Nonpoint Sources
(BASINS 3.0)/Window interface to Hydrological Simulation Program-FPRTRAN
(WinHSPF) was applied for assessment of Soyang Dam watershed. WinHSPF calibra-
tion was performed using monitoring data from 2000 to 2004 to simulate stream flow.
Water quality (water temperature, DO, BOD, nitrate, total organic nitrogen, total
nitrogen, total organic phosphorus and total phosphorus) was calibrated. Calibration
results for dry-days and wet-days simulation were reasonably matched with observ-
ed data in stream flow, temperature, DO, BOD and nutrient simulation. Some devia-
tion in the model results were caused by the lack of measured watershed data, hyd-
raulic structure data and meteorological data. It was found that most of pollutant
loading was contributed by nonpoint source pollution showing about 98.6%~ 99.0%.
The WinHSPF BMPRAC was applied to evaluate the water quality improvement.
These scenarios included constructed wetland for controlling nonpoint source pollu-
tion and wet detention pond. The results illustrated that reasonably reduced pollu-
tant loadin. Overall, BASINS/WinHSPF was found to be applicable and can be a power-
ful tool in pollutant loading and BMP efficiency estimation from the watershed.
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2} SWAT (Soil and Water Assessment Tool) S¢] ¢o
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Bukhan River
catchment

Soyang River
catchment

Fig. 1. Location of study area.
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Table 1. Model input data for WinHSPF.

Data Data source

Korean Water Resources

Cataloging unit boundary Corporation

Korean Water Resources

Reach file, V1 )
Corporation

Digital elevation model Ministry of Environment

(DEM)
Land-use Ministry of Environment
Point source data (2003) Ministry of Environment
Weather data Korean Meteorological
(1990~ 2004) Administration
Water quantity data Han River Flood Control

(2000~2004) Office

Water quality data

(1990~ 2004) Ministry of Environment

4 ¢} BASINS Delineation tool& ©]-§-3le] dAkA| A
9 259 £ Aol $-8FE A (Fig. 2). &
49 Bge DEM (Digital Elevation ModeD& | £-3]%1
+dl, DEM2 HAA & A2 veal, AR 7 32
= 73 2 ARz $14 (topology) A1 S £33t Q)
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Fig, 2. Application of BASINS delineation and utility tools.

Table 2. Land use distribution in Soyang Dam water-

shed.

Landuse Area (km?) Area (%)
Urban or built-up land 22.0 0.9
Agricultural land 73.7 2.9
Paddy 51.4 2.1
Forest land 2268.6 90.7
Pasture 2.5 0.1
Wetland 10.2 0.4
Barren land 14.6 0.6
Water 57.0 2.3
Total 2500.0 100.00
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WinHSPF R 2.2 .34
ol Al d&7}k0o o3 WA= 2T} 4
$13] USEPAs} USGS7} 7/Hd #¥x3 mdold
WinHSPF= 92 Z54]3 (pervious land)ol| A} =] &
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42) 9 $29¢ 2elsh RCHRESZ vprold glew,
7} wgele 29 38l AR 2B 2AHE, Y

7 5 245 WANE FPoz 745U Doni-
gian and Crawford, 1976; Donigian et al., 1984; Bicknell
et al., 1993; Chen et al., 1998a, b).
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Fig. 3. Application of WinHSPF best management practices editor.

g1 P,

rlr

o

Ay
)

o] Bele

4. WinHSPF & o|-£3 BMPRAC % &

AFAPAGY 2P $9 vHLG AT ¥
Sl g $g Aew glovs 2P £99)

39l #2E AME A, AR, AV F W
A Gl A EA SR wH 9 EAE A FAAH ol

AR WH R Belh o) Basich
A 97 SeddliL 85 270 (BAY 120, AFA

5 AAE 157)e) v el A e] Al ARH
o] o3 ol AUTHEA R, 2005). B 932 7w <l
AL fFol 23 Aoz L 4 F &
oAty e gysiarel vmd Fe Aol we)
A 2 QTN fofBels 46} deged A7
& 2P0 AR S B gole] AFssle A
2gnate fag Fred
1) BMPRAC (Best Management Practice

Evaluation)
BMPRAC: WinHSPF n9ls] fHAA ZES F7}
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A, AR, Al FFA, AHAIA 5 292 AL S
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REMOVE=FRAC X INPUT 3)
OUTPUT=INPUT-REMOVE (4)
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FRAC=fraction to remove
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INPUT=inflow mass
OUTPUT=outflow mass

BMPRAC 29| #A A AAELE Zp7k2] A=A Ao
we} Ex)0) 4, £A3EER ¥ 2o & 5 9l
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3] Mgl 7k Al we} ADE = A A& (FRACS
7 AR sl ALY ag w4
At 2 ATl e Q8- f90 wiA ey HRAA
gl 9134 3] (constructed wetland)} *]F-2] (wet deten-
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A7) =) IH@FVARA - AT, 2002).
AA3) AAY AFRAE= TSS 70~80%, BOD 20~ 40%,
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Table 3. Parameter values for hydrologic simulation.

Parameter

Definition Units Model range Calibration
LZSN Lower zone nominal storage in 0.01~100.0 4
INFILT Index to infiltration capacity in/hr 0.0001~100.0 0.12~0.7
KVARY Variable groundwater recession 1/in 0~5 0~0.5
AGWRC Groundwater recession coefficient none 0.001~0.999 0.96~0.98
UZSN Upper zone nominal storage in 0.01~10.0 0.1~0.128
DEEPFR Fraction of groundwater inflow to deep recharge none 0.0~1.0 0~0.5
INTFW Interflow inflow parameter none 0.0 ~none 0.75~8
IRC Interflow recession parameter none 1.0E-30 0.1~0.5
_ CP vp cp VP cp VP
g 200 200 = 200
£ 150 150 1501
100 100 1007
.5 50 4 50 501
w09 pr——" 01 tue s 01
imulate Inbuk stream CP: calibration periods Buk stream 2500+ Naelin stream
6004 * Observed 600 { VP: verification periods
a 2000+
g
ma 400 A 400 A 15001
; N ‘ 1000
= 200 , 200{ i X 1
g 0 5001
g ; :
@ 0 01 0 ;
16 161616161 1616146126161 16161616161
2000 2002 2004 2000 2002 2004 2000 2002 2004
Time Time Time

Fig. 4. Calibration and verification of daily stream flow from 2000 to 2004.
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fepe] W3R A, B4, HAW A X 2F B4
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LEEEERNEL R IEENE TR EEE SN
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FE olg3te] mde FEE Aol ohm, 283 <A
NBELE) e o357 g F2 A
el ZAA Aol A 3l Aolr} et Aoz Be

_{

2do| a&¢& Hristr]) s 9 fE3F] s R?
9t Apol HAEEZ AT Table 4= 2yt 1047}
HSPF -8 9344 A A18F R29} 2}o] HAEQ] W9l

Table 4. General calibration and verification targets or
tolerances for HSPF application.

Very good  Good Fair Poor
% Diff
Water flow <10 10~15 15~25 -
Water quality <15 15~25 25~35 -
R2
. 0.90 0.80 0.70 0.60
Daily water flow g5 070  ~0.60 ~050

gl 2ol gt gubA]l sle|meiele] &7]He| Sl
(Donigian, 2000). X}o] HAEL QEHL 14.9%=
“Good” (10~ 15%)& JePRI, B3E 13.8%= “Good”
(10~15%), DAL 23.1%2 “Fair” (15~25%)% &}
Walch R*Y ASol= Q1A B3 474 0733
0.782 “Good” (0.80~0.7)-& WAL 0.6562 “Fair”
(0.70~0.60)F el it

SxlgrE e ok 2A2]|H(1) vpRsiR R ol EA A,

T2 Mo
WA A 2o AR SrREAu 82 A]——S-zs}&] 2000
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Table 5. Parameter values for water quality simulation.

Parameter Definition Units Model range Calibration
KBOD20 Unit BOD decay rate at 20°C 1hrt 1.0E-30~none 0.002~0.004
KODSET BOD settling rate ft hr! 0~none 0.0001~0.027
REAK Empirical constant in .the equat%on used to 1he! 1.0E-30 ~ none 0.2~0.726

calculate the reaeration coefficient
CVBO Conve.rsllon from milligrams biomass mg mg! 1.0~5.0 1.63~2.00
to milligrams oxygen
CVBPC Conversion from biomss expressed as moles mol™! 50 ~ 200 80~ 180
phosphorus to carbon
CVBPN Conversion from l_)iomss expressed as moles mol-! 10~50 16~35
phosphorus to nitrogen
BPCNTC Percentage of biomass which is carbon none 10~100 49~60
KTAM20 Nitrification rates of ammonia at 20°C 1hr?! 0.001~none 0.015~0.05
KNO220 Nitrification rates of nitrate at 20°C 1hr't 0.001~none 0.002~0.05
TCNIT Temperature correction coefficient for nitrification none 1.0~2.0 1.00~1.07
KNO320 Denitrification rates at 20°C 1hr'! 0.001~none 0.001~0.045
TCDEN Temperature correction coefficient for denitrification none 1.0~2.0 1.04
DENOXT DO concentration threshold for denitrification mg L™ 0~none 1~5
MALGR Algal growth rate 1hr! 0.001~none 0.005~0.085

DO (mg LY Temperature (°C)

BOD (mg L1

TN (mg L™

41)

L

TP (mg

QRE 20049704 BAA vAE AASHS fEFe He
EAMEO QS T, EAbell FF ] spleoz £ &=

et \flw,.,; ‘

1 -
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Fig. 5. Calibration and verification of daily water qualities from 2000 to 2004.
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Table 6. The contribution of pollutant load before and

after BMP.
BOD TN TP
kg yr!

Before BMP 527,516 871,992 9,533

S .1 490911 828650 9,003

cenariol- 6.9% 5.0% 5.6%

Wet-days 1 B02157 842,023 9,166
cenariol- 4.8% 3.4% 3.9%

S - 475596 755,588 8,453

cenario 9.8% 13.3% 11.3%

Before BMP 150,335 270,501 2,894

S .1 140312 256,898 2,750

cenariol- 6.7% 5.0% 5.0%

Dry-days . 143,363 261,002 2,793
Scenariol-2 4.6% 3.5% 3.5%

S - 140,026 248,815 2,707

cenario 6.9% 8.0% 6.4%

scenario 2= BOD7} 6.9%, TN¢| 8.0%, TP7} 6.4% %4
= ¢ic}(Table 6).
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