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Assessment of Cell Based Pollutant Loadings in an Intensive Agricultural Watershed
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ABSTRACT

The objectives of this paper were to estimate cell based pollutant loadings for totd maximum daily load (TMDL) programs and
to evauate the applicability of the agricultura nonpoint source (AGNPS) modd for an intensive agricultura watershed in Korea
The modd was cdibrated and validated at a watershed of 384.8 ha of drainage area using the observed data from 1996 through
2000 in terms of runoff, suspended solid, total nitrogen, and total phosphorus on a hourly basis. Anadysis of spatid variations of
pollutant loadings for rainfal frequencies of various intensities and durations were conducted. In addition, the vaidated mode was
applied to estimated the TMDL remova efficiency for best management practices (BMPs) scenarios which were sdected by taking
into account the pollutant characteristics of the study watershed. The model can help to understand the problems and to find
solutions through landuse changes and BMPs. Thus, the method used for this study was able to identify TMDL quantitatively as
well as qualitatively for various sources pollution that are spatialy dispersed. Also it provides an assessment of the impact of
BMPs on the water bodies studied, alowing the TMDL programs to be complemented more effectively.
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Table 1 Ranges of sensitivity analysis to the AGNPS model

Item CN value Slope (%) | Slope Length (m) Manning's n USLE_K USLE_C USLE_P El3

Min. 30 0 10 0.01 0.050 0.0010 0.10 50.53

Max. 100 30 200 1.000 0.500 0.1000 1.00 150.53
MO AGNPSEHS] ddE el MIAPIES 7Y HRORA Ax weje] a7k B e udde g
31k ATE9] 712 %= 1/5,000 NGIS (National Geographic & F4T 4 =S 43k Aotk GIS-AGNPS 33 &
Information System) ¥ RGIS (Rural Geographic Information g2 37 GIS A= 75, 7221y, AGNPS Tge] B
System) AR} F-EX5AC] 1/25,000 FUEFE (1973) FEE =] glon, Kang et al. (2003)9] =20l A
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2|3F H7= Young et al. (1987), Kim (1995), Cho (1998),
Chun (2001), Kang et al. (2003), Lee et al. (2007), Foerster
and Milne-Home (1995), Fisher et al. (1997), Brannan
(1998), Grunwald (1999), Bingner et al. (2008), 18]l
Binger and Theurer (2007) 9] W& A-FAto]| olsfo] &=
by
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Table 2 Classification of BMPs

Table 3 Parameter values of reclamation types

Item C P Cover condition Practice Reclamation types Reclamation type to less than 10° slope

RCPF1 0.03 1.0 Small grains No-till Type I Forest to paddy by reducing slope to 0.01°

RCPF2 0.03 0.6 Small grains Contour farming TypeIl Forest to urban by reducing slope to 0.01°

RCPF3 0.03 0.2 Small grains Terracing
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Table 4 Summary of calibration and validation results at
the study site (Kang et al., 2003)

Item RB(%) | RMSE | RMAE EI R

Runoff volume| Calibration | 4.22 | 634 | 023 0.96 | 0.9606
(mm) Verfication | 19.68 | 1345 | 0.32 0.90 | 0.9715

Peak runoff | Calibration | 123.00 | 1214 | 134 | -095 | 0.6561
(m'/s) | Verfication | 154.26 | 2073 | 156 | -255 | 0.9009
sS Calibration | 12.38 | 19.98 | 0.82 053 | 0.7187
(ton) Verfication | 59.13 | 21.07 | 0.99 0.27 | 0.7228
™ Calibration | 44.45 | 364.99 | 0.60 053 | 0.7094
(kg) Verfication | 5841 | 577.00 | 0.64 0.05 | 0.7046
TP Calibration | 59.83 | 36.66 | 0.73 0.29 | 0.6890
(kg) Verfication | 67.25 | 4898 | 0.71 | -0.05 | 0.7069

ogusge] HES 5] I8 A9AR D AGNPS B
o] o] AW Table 5oIAIe} Ak ARE ZA9AMe] 7
SHAHRIAE 29 VO] 24 ASARES 2 BN
(ST2-24)°] 430 MJ - mm/ha - hr2A] 7P 22 gk 2
3, 204 WEQ] 3AE SRS 2 ZFAME (ST20-3)
o] 3234 M- mmha- hr2A 7 2 Zhe ehjolch
AGNPS 5ol ozt 37 2} (Table 2), 793 B
= gado] A Ushtor, fAkRkL JUBAS AR/
o] EO]‘G]— [LH‘— x]_,_}\] ] L/'\% = %}\—.0_ EC/)&E}— O]E—]‘(\S_]_— 7é
e AEARle] A4S A9 G| F4] B2l A
o UeRith B8, A4AKK] FUT H9ole AR
W48 2 ghe Yepi

Table 6& thaA9el thstel fARE, $44, 12 9l
o Exjo]go] UZ LARINF] ThE AR £F Mol
0 Qlek, Z9AM] U2 fAE 34, el $99) EA
olgo] W2 71 AR Sk EXol§EA0] A =,

Table 5 Simulated results with different storm events

Storm Frequency | Duration | Rainfall BI30" Runoff| SS TN TP
(yr) () | (mm) (mm) | (kg/ha)| (kg/ha)|(kg/ha)
ST20-3 20 3 136.5 | 3,234 | 75.44 1274.75] 1.26 | 0.05
ST20-6 20 6 182.7 | 2,781 |115.32|280.82| 1.76 | 0.07
ST20-12 20 12 240.5 | 2,303 |167.89|283.11| 2.40 | 0.08
ST20-24| 20 24 319.9 | 1928 |242.32|1297.35| 3.30 | 0.12
ST2-24 2 24 160.7 | 430 |96.27 [107.74| 1.52 | 0.07
STH-24 5 24 2300 | 941 [158.24|177.24| 2.29 | 0.08
ST20-24| 20 24 3199 | 1,926 (242.32|1297.35| 2.40 | 0.12
ST50-24) 50 24 376.9 | 2,751 |296.93|295.12| 3.98 | 0.12

Y Unit; MJ - mm/ha - hr

91



)
59 279 A4

_(H

e @y Bt

o,

Table 6 Distribution of pollutant loadings for different storm

events
Number of cell
D . Total Total
Item Storm | Range Suspended Solid Nitrogen [Phosphorus
Upland | Urbanization | Upland Upland
<2 12 37 29 28
2~4 8 37 2 7
ST20-3
4~6 10 9 4 0
>6 5 1 0
<2 14 45 29 28
2~4 10 32 2 6
ST20-6
4~6 8 7 3 1
For >6 3 0 1 0
duration <2 16 88 29 28
2~4 12 27 1 6
ST20-12
4~6 5 2 4 1
>6 2 0 1 0
<2 19 67 28 28
2~4 12 16 2 6
ST20-24
4~6 3 1 4 1
>6 1 0 1 0
<2 35 84 29 28
2~4 0 0 2 6
ST2-24
4~6 0 0 4 1
>6 0 0 0 0
<2 31 84 29 28
2~4 4 0 2 6
ST5-24
4~6 0 0 3 1
For >6 0 0 1 0
frequency <2 19 67 28 28
2~4 12 16 2 6
ST20-24
4~6 3 1 4 1
>6 1 0 1 0
<2 14 45 28 28
2~4 11 32 2 6
ST50-24
4~6 7 7 4 1
>6 3 0 1 0

Y Range ; Suspended Solid-ton/ha, Total Nitrogen-kg/ha,
Total Phosphorus-kg/ha
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ghe Mol XY 47} B 02 ehgow], GapEe]
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Table 7 Comparisons of simulated results with existing 3ol AGNPS H&& o]gsfo] Z2AMo wE ARTt9o] &
condition and three BMPs HElEE MR S B 0dY ujE: AR L 1A
en G || | G | OISO HANING H8slel odnsid 4 sid
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