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Pollutant Loading Estimate from Yongdam Watershed Using BASINS/HSPF. Jang, Jae-Ho,
Chun-Gyeong Yoon*, Kwang-Wook Jung and Ji-Hong Jeon! (Department of Environmental
Science, Konkuk University, Seoul 143-701, Korea; Environmental Engineer Research
Division, Korea Environment Institute, Seoul 143-701)

A mathematical modeling program called Hydrological Simulation Program-
FORTRAN (HSPF) developed by the United States Environmental Protection Agency
(EPA) was applied to the Yongdam Watershed to examine its applicability for load-
ing estimates in watershed scale. It was run under BASINS (Better Assessment Sci-
ence for Integrating point and Nonpoint Sources) program, and the model was vali-
dated using monitoring data of 2002 ~2003. The model efficiency of runoff was high
in comparison between simulated and observed data, while it was relatively low in
the water quality parameters. But its reliability and performance were within the
expectation considering complexity of the watershed and pollutant sources and land
uses intermixed in the watershed. The estimated pollutant load from Yongdam water-
shed for BOD, T-N and T-P was 1,290,804 kg yr%, 3,753,750 kg yr'! and 77,404 kg yr?,
respectively. Non-point source (NPS) contribution was high showing BOD 57.2%, T-N
92.6% and T-P 60.2% of the total annual loading in the study area. The NPS loading
during the monsoon rainy season (June to September) was about 55~72% of total
NPS loading, and runoff volume was also in a similar rate (69%). However, water
quality was not necessarily high during the rainy season, and showed a decreasing
trend with increasing water flow. Overall, the BASINS/HSPF was applied to the
Yongdam watershed successfully without difficulty, and it was found that the model
could be used conveniently to assess watershed characteristics and to estimate pol-
lutant loading in watershed scale.

Key words : BASINS/HSPF, watershed modeling, runoff, water quality, nonpoint
source pollution, loading estimate
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Pollutant Loading Estimate from Yongdam Watershed Using BASINS/HSPF

A, AR MR, AL A=A, A AR £ S0 S A, b, A 30
A, Astw, e Faa, detw 5 ) BEa HA F V) BEae e A FUFE T

7] 83l ARl AdX|=e] Qlek(Fig. 1). +32 01 5
Qe AztEolx] AR 7R Aoz o] FolA| 2 gleh

2. BASINS 2 &1y

BASINS (Better Assessment Science Integrating Point
and Nonpoint Sources) USEPAA] TMDL®] &&4
ol 92 S A3 Fodd R wPedde 37
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Table 1. Land use distribution of the watershed.
Classification Forest Upland Paddy Residual Water Others
Area (km?) 634.3 131.7 96.07 29.95 37.39 0.74
% 68.20 14.16 10.33 3.22 4.02 0.08
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Fig. 2. Result of BASINS application.
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Pollutant Loading Estimate from Yongdam Watershed Using BASINS/HSPF 191
Table 2. HSPF parameter values for hydrologic simulation.
Final Laroche  Engelmann
Parameter Definition calibrated (2|0n(;3) Ch(elvs\)lgelt)al. etal. etal. Model range
value (1996) (2002)
Lower zone nominal
LZSN Storage (in) 5.8 4.3~5.8 5 14.2 5 0.01~100.0
Soil infiltration
INFILT capacity index 0.38 0.047~0.075 0.05~0.17 0.23 0.04 0.0001~100.0
(in/hr)
Groundwater
AGWRC recession coefficient  0.85~0.97 0.88~0.91 0.98 0.99 0.99 0.001~0.999
(day™)
Upper zone nomina N _ N _
UZSN storage (in) 0.4~1.5 0.35~1.0 0.01~0.06 0.76 0.7 0.01~10.0
Fraction of
DEEPFR groundwater inflow 0.08 0.05~0.45 - - 0.18 0.0~1.0
to deep recharge
Interflow inflow
INTFW parameter 1.9~55 1.0~1.7 0.75~1.0 9.83 0.5 0.0~none
Interflow recession
IRC parameter (day ) 0.4~0.8 0.3~0.5 0.6~0.8 0 0.5 1.0E-30
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Fig. 3. Calibration of observed and simulated daily mean streamflow.
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Fig. 4. Scatterplots of observed and simulated daily flow.

Table 3. Model performances with monitoring data of
runoff (calibration).

Station R? RMSE EF
Dongjung Br. 0.82 1.39 0.81
Dema Br. 0.69 2.76 0.55
Yeonhwa Br. 0.80 1.85 0.68
Juchun Br. 0.54 2.75 0.53
Awr} o Aol nlste] wokon outlierge] 9l7):

AN Aoz Bxo] Folzl Fo] vlwA FA v}
Eht X7} AERof| TS & 4 Tk

Table 32 AZ2]|9} RO E o] 43 P°% 2ol &g
25 Prig Aoe deplz ot 2S5 71708 A9
T3] BRA 7|7k o3t o A= R?7} 0.54~0.82,
RMSE~} 1.39~2.76, EF7} 0.53~0.812 B4 29|X]
7} A=A A TASA wedshs ez vehd
ot 239 A8AdE dotrr] 98k AAAS(RYE 0.0
~10 W99 e A, 1.0 Thees welAst
A0 Aeke A ubedsiel e AARAsE 2A

2ae) eARre Frlehe oM e} YxE vt
WA it afeb exte] A=g vehiy] g8 o
"2 © 2 mean error (ME), mean absolute error (MAE),
root mean square error (RMSE, %), 2 model fit efficien-
oy (EF) 5 AL3hc) 9kl RE o] S 9) AZA] A5
7} dx)3thy, E4 %= ME=0.0, RMSE=0.0, 78|12
EF=10% uehd 7|t EF 21 kel 03 1.0
Abolol] glew me)A) g AMgEh= Aol AxAe) FFE
g3k Auct £& Az 9% 4 9o, A

EF7} 0Xc) 2tom wao] o|&Adr) A} A=z}
w7b Qo] §eg olmlahe () 2009). & AT
g x]E= RMSE$} EFE GenScn Util W] &84 tool
< ol gste] A A 1), 2)= e Qi =
D58 JeME 287452 solute transport mod-
els (Elmaloglou and Malamos, 2000), hydrologic models
(Johnson et al., 2003) 2 soil water dynamics (Antono-

71epee AHeso] gk

n 12 —
RMSE=100<_ZI(Pi—Oi)2/n> /0 1)

poulos and Wyseure, 1998)<-



% 120
3 g 80
TR} 48

BODg DO Temperature
(mg LY (mg LY Q)

T-N
(mg L™

T-P
(mgL™)

Pollutant Loading Estimate from Yongdam Watershed Using BASINS/HSPF

193

Dongjung Br. Daema Br. Yeonhwa Br. Juchun Br.

i

ol A ol A okl .

Alj.l.u

. o°

4
ol

[J
VWMMWW@ .
L e me o . hd P L)

13579111357911135791113579111357911135791113579111357 911

2002 2003 2002 2003 2002 2003 2002 2003
Time
Fig. 5. Comparison of observed and simulated water qualities.
Table 4. HSPF parameter values for simulation of water quality.

Parameter Definition Unit Final calibrated value Range
ELEV Mean RCHRES elevation ft 180~423 0~30,000
KEVAP Evaporation coefficient none 2.24~4.24 none
KBOD20 BOD decay rate at 20°C hrt 0.004~0.201 >1.0E-30
KODSET Rate of BOD settling ft-hrt 0.027~0.439 >0
REAK Reaeration coefficient hrt 0.2 >1.0E-30
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Table 5. Model performances with monitoring data of
water quality (calibration).

Calibration point R? RMSE EF
TW 0.92 5.07 0.48

DO 0.98 1.20 0.32

Dongjung Br. BOD 0.50 0.65 -0.13
T-N 0.83 1.38 0.50

T-P 0.26 0.18 -2.32

TW 0.96 4.10 0.38

DO 0.95 1.85 0.07

Dema Br. BOD 0.61 0.82 0.66
T-N 0.84 1.24 -1.95

T-P 0.39 0.12 0.01

™ 0.96 3.68 0.42

DO 0.79 4.00 0.58

Yeonhwa Br. BOD 0.66 0.75 0.63
T-N 0.89 1.21 —-0.62

T-P 0.24 0.20 -1.50

™ 0.93 5.83 0.37

DO 0.98 1.38 0.05

Juchun Br. BOD 0.50 0.74 -0.32
T-N 0.53 1.45 0.55

T-P 0.34 0.06 —-0.26
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Table 6. Point and Nonpoint source pollution load assessment.

Parameter | 1 1 v \Y% VI Vi Total
Flow (106 m® yr?) 203.1 225.7 131.5 13.4 134.9 384.8 203.1 1,296.5
BOD (%) point _ 23.3 134 55.8 95.5 64.2 42.9 41.9 42.8
nonpoint 76.7 86.6 44.2 4.5 35.8 57.1 58.1 57.2
T-N (%) point 14.2 0.4 8.1 78.7 8.9 4.8 2.7 7.4
nonpoint 85.8 99.6 91.9 21.3 91.1 95.2 97.3 92.6
T-P (%) point 8.6 9.1 48.8 96.2 62.5 40.0 29.4 39.8
nonpoint 91.4 90.9 51.2 3.8 375 60.0 70.6 60.2
e B w/\\_u &/\/\\_M F_/\»/\\_u
S € 4009 PN
TE 2001 !
14 0 — — — 4e+8 S
r3e+8 S ¢
L2e+8 é’g
o P i Pt a1 | I P P P i Pt a1 | P 2 5e+41 P P i s P 1 PP '](.)8"’8 mE
__ 35e+5] BoD|g 15¢+6] 1 T-N[12 “¢ TPlo2s =
31‘5 28e+5 _ 6 1.2e+67 :;0 2.0e+44 020 €
g g 2.1e+5 . 9.0e+5- 6 1.5e+4 L0.15 ‘éi
-E o l.4e+5; 6.0e+51 oo [4 1.0e+44 010 £
0.0/ o ool O==lllnlllnan 1o 0.0/ Looo ©
13 5 7 9 11 13 5 7 9 11 1 3 5 7 9 11
| = Point source —= Non-point source —o— Concentration

Fig. 7. Monthly pollutant load and pollutant source composition.
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