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Characteristics of Pollution Loading from Kyongan Stream Watershed by BASINS/SWAT.
Jang, Jae-ho, Chun-Gyeong Yoon*, Kwang-wook Jung' and Sae-Bom Lee (Department of
Environmental Science, Konkuk University, Seoul 143-701, Korea; Korea Water Environ-
ment Research Institute, KWERI, Seoul 143-837, Korea)

A mathematical modeling program called Soil and Water Assessment Tool (SWAT)
developed by USDA was applied to Kyongan stream watershed. It was run under
BASINS (Better Assessment Science for Integrating point and Non-point Sources)
program, and the model was calibrated and validated using KTMDL monitoring data
of 2004 ~ 2008. The model efficiency of flow ranged from very good to fair in compari-
son between simulated and observed data and it was good in the water quality para-
meters like flow range. The model reliability and performance were within the ex-
pectation considering complexity of the watershed and pollutant sources. The re-
sults of pollutant loads estimation as yearly (2004~ 2008), pollutant loadings from
2006 were higher than rest of year caused by high precipitation and flow. Average
non-point source (NPS) pollution rates were 30.4%, 45.3%, 28.1% for SS, TN and TP
respectably. The NPS pollutant loading for SS, TN and TP during the monsoon rainy
season (June to September) was about 61.8~ 88.7% of total NPS pollutant loading,
and flow volume was also in a similar range. SS concentration depended on precipi-
tation and pollution loading patterns, but TN and TP concentration was not neces-
sarily high during the rainy season, and showed a decreasing trend with increasing
water flow. SWAT based on BASINS was applied to the Kyongan stream watershed
successfully without difficulty, and it was found that the model could be used con-
veniently to assess watershed characteristics and to estimate pollutant loading
including point and non-point sources in watershed scale.
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Fig. 1. The Kyongan stream watershed and monitoring stations.
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Table 1. Land use characteristic of this study area.

Land use Forest Paddy Cropland Pasture Urban Water Etc.
Area (km? 189.5 40.8 87.2 447 132.9 21.8 72.5
% area 65.0 8.0 84 31 11.2 2.2 2.2
Table 2. List of adjusted parameters for calibration of SWAT model.

Variable Definiti Manual Calibrated
name elinttion range value

Hydrology

ESCO Soil evaporation compensation factor 0~1.0 0.98
CH_K2 Effective hydraulic conductivity in main channel allvium -0.01~150.0 120, 150
CH_N2 Manning’s “n” value for the main channel -0.01~0.30 0.020, 0.036
SOL_AWC Available water capacity of the soil layer 0~1.0 0.92
ALPAHA_BF Baseflow alpha factor 0~1.0 0.789
REVAPMN Threshold depth of water in the shallow aquifer for “revap” to occur 0~500.0 500.0
GWQMN Threshold depth of water in the shallow aquifer required 0~5000.0 0.0
for return flow to occur
GW_REVAP  Groundwater “revap” coefficient 0.02~0.2 0.02
Sediment
SLOPE Average slope steepness 0~0.6 0.157
SLSUBBSN  Average slope length 10.0~150.0 10.0
CH_EROD Channel erodability factor -0.05~0.6 0.6
CH_COV Channel cover factor -0.001~1.0 1.0
PRF Peak rate adjustment factor for sediment routing in the main channel 0.0~2.0 0.04
Linear parameter for calculating the maximum amount N
SPCON of sediment that can be reentrained during channel sediment routing 0.0001~0.01 0.006
SPEXP E.xponent parameter for cglculating sediment reentrained 10~15 15
in channel sediment routing
Nutrients
GWNO3 Concentration of nitrate in ground water contribution 0~1000.0 15,35
to streamflow from subbasin
GWSOLP Concentration of soluble phqsphorus in groundwater contribution 0~1000.0 0.02
to stream flow from subbasin
RS1 Local algal settling rate in the reach at 20°C (m day ™) 0.15~1.82 0.2,0.6
Benthic (sediment) source rate for dlssolved phosphorus N
RS2 in the reach at 20°C (mg dissolved p m ™2 - day) 0.001~0.1 0.001,0.01
RS3 Benthic source rate for NH,-N in the reach at 20°C (mg NH,-N m2 - day) 0~1.0 1.0
RS4 Rate coefficient for organic N settling in the reach at 20°C (1day ™) 0.001~0.1 0.01, 0.05
RS5 Organic phosphorus settling rate in the reach at 20°C (1 day %) 0.001~0.1 0.001, 0.07
BC1 Rate constant for biological oxidation of NH, to NO, in the reach at 20°C 0.1~1.0 0.1,0.15
BC2 Rate constant for biological oxidation of NO, to NO; in the reach at 20°C 0.2~2.0 1.2
BC3 Rate constant for hydrolysis of organic N to NH, in the reach at 20°C 02~04 0.4
BC4 Rate constant for mineralization of organic P to dissolved P 0.01~0.7 0.25, 0.01

in the reach at 20°C
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Fig. 2. Calibration and validation results for daily flow.
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Fig. 5. Calibration and validation results for TP.
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Fig. 6. Scatter plots of simulated to observed data from all monitoring stations.
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Table 4. Point and non-point source pollutant load assessment.
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1

X
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o

- SS TN TP
ear
TL (ton)* % of NPL® TL (kg)* % of NPL" TL (kg)* % of NPL®

2004 30,562 24.8 1,455,112 44.4 74,552 22.9
2005 38,673 25.1 1,504,622 46.5 82,019 29.8
2006 43,364 50.1 1,478,267 45.5 92,375 37.6
2007 35,617 19.0 1,545,574 47.6 75,897 24.0
2008 32,5563 32.9 1,395,285 42.3 77,665 25.9
Average 36,154 30.4 1,475,772 45.3 80,501 28.1

2: Total pollutant load (ton year™, kg year1)
5: % of non-point source pollutant load
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Table 5. Comparison between unit loads in the literature and daily loads of this study for BOD, TN and TP pollutants.

BOD TN TP
Category ;
kg day! % kg day! % kg day” %
Domestic 9,840 84.3 6,082 85.7 648 84.7
Livestock 350 3.0 246 3.5 30 4.0
Industrial 147 1.3 176 2.5 18 2.3
Land use® 1,285 11.0 579 8.2 66 8.6
Etc 53 0.4 12 0.2 3 04
Sum 11,675 100.0 7,094 100.0 765 100.0
Daily loads® 124,282¢ 50.1 4,047 45.5 250 37.6
#: The unit load from land use is the same non-point source pollutant load.
®; Non-point source pollutant daily loads in this study
¢ Sediment total pollutant load
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Fig. 8. Monthly pollutant load and source composition to monthly concentration behavior.
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