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Analysis of the Characteristics of NPS Runoff and Application of
L-THIA model at Upper Daecheong Reservoir
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ABSTRACT

Generation and trangportation of runoff and pollutant loads within watershed generated eutrophication at Daecheong reservoir. To
improve water quality at Daecheong reservoir, the best management practices should be developed and applied a upper watersheds
for water quality improvement a downstream areas. In this study, two small watersheds of upper Daecheong reservoir were selected.
The Long-Term Hydrologic Impact Assessment (L-THIA) model has been widdy used for the estimation of the direct runoff
worldwide. To apply the L-THIA ArcView GIS modd was evauated for direct runoff and water quality estimation at small
watershed. And the Web-based Hydrograph Analysis Tool (WHAT) was used for direct runoff separating from totd flow. As a
result, the R? (Coefficient of determination) value and Nash-Sutcliffe coefficient value for direct runoff comparison a An-nee
watershed were 0.81 and 0.71, respectively. And the R? value and Nash-Sutcliffe coefficient value a Wol-oe were 0.95 and 0.93.
The R? vaue of BOD, TOC, T-N and T-P a An-nae watershed were BOD 0.94, TOC 0.81, T-N 0.94 and T-P 0.89. And the R’
vdue of BOD, TOC, T-N and T-P a Wol-oe watershed were BOD 0.80, TOC 0.93, T-N 0.86 and T-P 0.65. The result that
estimated pollutant loadings using the L-THIA ArcView GIS mode reflected well the measured pollutant loadings except for T-P in
Wol-oe watershed. With L-THIA ArcView GIS modd, the direct runoff and non-point pollutant (NPS) loadings in the watershed
could be andyzed through smple input data such as daily rainfdl, land uses, and hydrologic soil group.

Keywords: Direct Runoff; L-THIA modd; NPS; Water quality.
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Z 23}k (Shin et al., 2007).
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Resources Conservation Service: NRCS)ollA 7ieket 422
Ax]4= (Curve Number: CN)of| &J3l] 4Fgsi= whio] de]
o]iL 9t} (Kim et al., 2007a). F-E3& 2oJol7] $Jafl AME-
= W2 1Y F fEZAASE ol8ste] AREE B9
k= Long-Term Hydrologic Impact Assessment (L-THIA)
ArcView GIS 2d€o] US. EPA®} Purdue tfshi d141719] &
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GIS 92 7hdst At (EX|ol§%, Bk, 47 AR)E
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I 9Jck (Kim et al., 2007b).
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Fig. 1 Sketch of An—nae and Wol-oe watershed
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Combine Grid I\CAL;rF\’/e Number
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71 L-THA ArcView GIS AIAE] TH Daily Precipitation

nAE 99 REFS 5] S8l AR, Sk E
SR, T 5o RS SR AR wEsl| $lslo]
SCSel= Curve Number (CN)E AI9KFALE (Mockus, 1964
SCS, 1972; Rallison and Cronshey, 1979; Rallison and
Miller, 1982). CN #¥2 & fafdate] #A4E vet
U= Ae=2A 004 100 Atel9] g 7= FAR |40
th BEE4S EE SHEHoA CN R 1000]H, #FA#{9] #|
FHAAY] CN g2 1008 At} fE234%4 ONZ 9
o] FoAE S Seke] A= RS 4 (3)3) T} (SCS,
1972).
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L-THIA ArcView GIS R CNHPHOR Exjolgr &
e, U e ARE ol8sh] AR REES At B
Aol gt B T2jal Ul ek AR 5 349 7hddt
YRR ol8sto] 7] AR=E 27t 7hetkal, EX
ol orio] 7k o]4sl oo —3} o Azdl 2 9tk
3 SlEYIS o] 83}e] L-THIA 2FS &3 4= Y= Web

718t (http://www.ecn.purdue.edu/runoff/) L-THIA A]Z28l0]
=] ARgAREl Q8 Wt HejshA| o]-8E]al §itt (Lim
et. al,, 2001; Kim et al., 2007b). & -tof] AME L-THIA
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Fig. 2 Overview of the L-THIA ArcView GIS system (Lim
et al., 2001)
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Fig. 3 Land uses at An—nae watershed
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Fig. 4 Land uses at Wol-oe watershed
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Fig. 5 Soil Group at An—nae watershed
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Fig. 6 Soil Group at Wol-oe watershed
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t} (Lim et al., 2005). Signal processing SHEEoFo|A 115
net AFuts fefshetl AMEE W49l Digital filtering
< A AR 54 de o]8Eal 3t} (Lyne and
Hollick, 1979; Arnold and Allen, 1999; Eckhardt, 2005).
Soil and Water Assessment Tool (SWAT) E&oA A4
=1 71AeE EYA AMEE Digital filtering 7]HE)
BFLOW ZEl= t452 418 aeishA] ¢koF Eckhardt (2005)
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L-THIA ArcView GIS 23<& 3174 sp7] $Jste] HAR 9
717+ A7) (growing season)@t 97| (dormant season)
2 FESh A= 49 159~ 109 1542 253519,
FH7le 1€ 1¥9~49 1499 10¥ 1698~ 12€ 31¢4=2 &
Folgltt (Table 5). 73t 7I7F 7|08 AYEYer
A (AMC, Antecedent Moisture Condition)o]] T2 EX|o]&
4 ONZES ARYSHITh Kim et al. (2007b)oll ok A=
o=z (AMC, Antecedent Moisture Condition)S I
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B ASA|e} LA HelE|glrtal skt

CNII g AMCII 9 24 (Fgke] 233 Aol &
Aol gt Ee o] whE kS UeRdLh 2182 APYAl A
719t FH7IE FEste] ¥ 5 Al wE AMC I
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Table 1 Criteria of AMC Adjustment in CN method (SCS,

1985)
Total 5-day antecedent rainfall (mm)
AMC :
Growing season Dormant season
I P5 < 12.70 P5 < 35.56
I 12.70 <P5< 27.94 35.56 < P5 < 53.34
m Ps > 27.94 Ps > 53.34

Table 2 Separated Flow of An—nae watershed using WHAT

system
Date Rainfall | Total stresam Direct gunoff Basedsflow Direct runoff
(mm) | flow (m”) (n) () rate
311~312 80 790.56 376.67 413.89 47.65%
4.20~4.21] 260 724.68 301.23 42345 41.57%
5.15~5.17 470 3,582.36 1,057.63 2,524.73 29.52%
6.3 170 686.16 315.50 370.65 45.98%
6.9~6.10| 105 2,789.26 1,134.08 1,655.18 40.66%
6.20~6.21] 330 3,838.96 2,115.26 1,723.70 55.10%
72~173 50 | 42,330.20 | 16,402.73 | 2592747 38.75%

77~78 | 570 | 376,381.89
79~711| 840 | 536,907.58

125,551.70 | 250,830.19 33.36%
161,835.10 | 375,072.48 30.14%

712~7.13] 635 | 259,247.08 | 92453.33 | 166,793.75 35.66%
717~7.18) 345 | 152,876.19 | 48,167.39 | 104,708.80 31.51%

7.19 80 | 88193.28 | 30693.26 | 57,500.02 34.80%
8.12~8.13 600 | 85000.10 | 38346.44 | 46,653.66 45.11%

Table 3 Separated Flow of Wol-oe watershed using WHAT

system
Date Rainfall | Total stresam Direct gunoff Basedsflow Direct runoff
(mm) | flow (m’) (m’) (m”) rate

311~312] 80 314.1 156.99 157.11 49.98%
420~4.21 26.0 316.08 143.74 172.34 45.47%
5.16~17| 470 4,673.52 1,765.61 2,907.91 37.78%
5.21~22| 515 4,014.72 1,206.98 2,807.74 30.06%
6.3 17.0 849.24 379.22 470.02 44.65%
6.9~6.10] 105 1,680.92 696.03 984.89 41.41%
6.20~6.21] 33.0 | 10,648.48 4,148.47 6,500.01 38.96%
72~73 5.0 3,374.33 1,330.83 2,043.50 39.44%
77~78 | 57.0 | 52,134.84 | 18,958.38 | 33,176.46 36.36%
79~711| 84.0 | 223946.90 | 99,478.11 | 124,468.79 44.42%
7.12~7.14] 700 | 991,275.30 | 163,726.60 | 827,548.70 16.52%
7.15~7.16| 157.5 [1,033,116.88 | 478,704.34 | 554,412.54 46.34%
717~7.18) 345 | 6813177 | 2298299 | 45148.78 33.73%
7.19 80 | 21,24897 894375 | 12,305.22 42.09%
721~822 680 | 238986.81 | 77441.63 | 161,545.18 32.40%
8.11~8.13 60.0 | 13,048.65 6,114.90 6,933.75 46.86%

Journal of the Korean Society of Agricultural Engineers, 52(1), 2010. 1

=)
il o
)
b
— O
w
o
e
fo
=9
>
tok
1o
ol
B
%
)
ﬁOL
2
oyl
o
ao
Nl

FE AR Y] e AFSeRE Qs &3
Aot fE0R Qe AREs A F 55 550 Ble
sto] Yozl Hrt ZARIT} Aot A7 |7t 3

Qb WA 7heeEe A7|THE R HAYEE B AReRke] 40%7t
Y 404.0 mm7tb FEsto] WAYsIGITE 79 14U 18A1RE
59 159 04A7HA] A B 79 157.5 mmE RANE
QL ol ZoAEE 14.3 mm/hrE wS &A vehdth 2
EH& MaPA7|Y4> (Antecedent Dry Day, ADD)o] A
Slo] F-REs 2ARE AAlEkeTh 2AME FeArdel 7k
gl 2 922 AH 923 727 WHAT Web GISE o]4
slo] Held 7| Af-E%2 Table 2, 33+ Tt

i

2 MEPIN wEE MY

A2y 55 7S o]gsto] WHAT A|AES o] 85}o]

0.16
0.14
N Total Flow
0.12 4 Based Flow
@ 010
‘E’ 0.08
So
)
w 006 4
0.04
0.02
0.00
15:00 19:00 23:00 03:00 07:00
Time
Fig. 7 Separation of flow (An—nae)
16
14
12
Based Flow
10
L0
E
- 8
2
o =
(TR B
. '
. .
0+ T T T T T

13.00 22:00 7.00 16:00 1:.00 10:00

Time

Fig. 8 Separation of flow (Wol-oe)



BT AR 99 vedd 254 24 ¢ L-THIA 23 H84 37t
Table 4 Calculated Pollutant Load and EMC at An-nae
Pollutant Load (g) EMC (mg/L)

Date Rgfrfs” BD | cobw | TOC | TN T-p BOD | CODw | TOC | TN T-p
2001-03-11 8.00 - 0.8 0.538 1.095 0.011 - 2.2 1.429 2.906 0.029
2001-04-18 26.00 - 2.1 1.654 0.968 0.069 - 6.9 5.491 3.213 0.228
2001-05-15 47.00 - 6.3 4.548 3451 0.277 - 5.9 4.300 3.263 0.262
2001-06-03 17.00 - 2.0 1421 1.315 0.047 - 6.3 4.503 4.168 0.148
2001-06-09 10.50 - 5.5 5.682 3.856 0.120 - 4.8 5.010 3.400 0.106
2001-06-20 33.00 - 13.5 10.112 9.201 0.400 - 6.4 4.780 4.350 0.189
2001-07-02 5.00 - 50.8 84.630 130.959 0.771 - 3.1 5.159 7.984 0.047
2001-07-07 57.00 - 469.5 638.963 642.293 27.097 - 3.7 5.089 5.116 0.216
2001-07-09 84.00 390.8 1,657.5 791.829 | 1,758.174 42.139 24 10.2 4.893 10.864 0.260
2001-07-12 63.50 120.6 599.0 316.979 417.753 26.308 1.3 6.5 3.429 4.519 0.285
2001-07-17 34.50 71.1 326.4 169.341 189.229 7.575 1.5 6.8 3.516 3.929 0.157
2001-07-19 8.00 37.9 127.8 94.689 111.994 1.665 1.2 4.2 3.085 3.649 0.054
2001-08-11 60.00 39.8 153.7 135.839 118.959 1.430 1.0 4.0 3.542 3.102 0.037

Table 5 Calculated Pollutant Load and EMC at Wol—oe
Pollutant Load (g) EMC (mg/L)

Date Rgiii e;ll BOD CODMn TOC T-N T-P BOD CODMn TOC T-N T-P
2001-03-11 8.00 - 0.2 0.154 0.490 0.001 - 1.6 0.978 3.122 0.006
2001-04-18 26.00 - 0.5 0.367 0.490 0.002 - 3.4 2.551 3.407 0.014
2001-05-15 47.00 - 8.1 4.659 6.079 0.078 - 4.6 2.639 3.443 0.044
2001-05-21 51.50 - 6.7 16.241 5.675 0.200 - 5.5 13.456 4.702 0.166
2001-06-03 17.00 - 1.8 1.178 2.131 0.011 - 4.8 3.106 5.620 0.030
2001-06-09 10.50 - 2.4 2.896 2.901 0.013 - 3.5 4.160 4.169 0.019
2001-06-20 33.00 - 23.0 17.543 23.200 0.158 - 5.5 4.229 5.592 0.038
2001-07-02 5.00 - 3.1 2.824 15.442 0.045 - 2.3 2.122 11.603 0.034
2001-07-07 57.00 18.5 116.8 74128 86.707 3.522 1.0 6.2 3.910 4.574 0.186
2001-07-09 84.00 170.0 714.4 334.097 713.900 17.884 1.7 7.2 3.359 7.176 0.180
2001-07-12 70.00 369.2 1,357.5 803.585 | 1,633.949 35.340 1.3 4.8 2.840 5.775 0.125
2001-07-15 157.50 632.2 8,448.7 | 2,160.729 | 3,423.767 107.836 1.3 17.6 4.514 7.152 0.225
2001-07-17 34.50 18.9 59.6 51.358 107.636 0.745 0.8 2.6 2.235 4.683 0.032
2001-07-19 8.00 6.9 20.0 14.400 36.842 0.274 0.3 0.9 0.678 1.734 0.013
2001-07-21 68.00 256.0 2,871.1 141.957 | 1,168.537 88.780 3.3 37.1 1.833 15.089 1.146
2001-08-11 60.00 5.1 29.5 11.103 15.761 0.081 0.8 4.8 1.816 2.577 0.013

AR e zekl 7|2 92S Balsigt) Fig. 7, 82 20099 7¥ WL, Yol §9o] 8.0~ 157.5 mm] ZH$aFo] Whgst Fot
149~ 16Y0] HASE &S WHAT A|AHS o]8sto] 714 156.99~478,704.34 m’& YERtch ¢l 499 7¥ 15
52 2T Aotk A 7ol =AM 5 ARE ~ 160 WA 157.5 mme| 7ol dialiAe BYEY &
WHAT Al28ls olgste] AfEd 7AREEes &2 HIS ARSI te7t feesz Qe S0l % 4

3t 3 L-THIA ArcView GIS 2#9] 284 B7IA] ARSI
oh 49 AHEFE hF fojo] 8.0~ 840 mme %
[e)

SFo] ubPEt B9t 31550~ 161,835.10 m'9] M= e}

[op]

2]

4 24o] BAPE wo] B Aol AAsisc Al A

H hid f9e AHREFE T FEEFY 30.14~55.10%
2 UePda, YoHe 16.52~49.98%= UERTE ohfAH &

A =
1_

A ARAE Al=s, 2000
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3. EMCe} 29 H3|2t

AHREFS o83t A ol 92 EMCrop 1.0
~ 2.4 mg/L, EMCroc= 1.429~5.491 mg/L, EMCcops= 2.2
~10.2 mg/L, EMCrn& 2.906~ 10.864 mg/L, EMCrp= 0.029
~0.285 mg/Le] HHE Hrt Lol 599 EMCropi= 0.3
~3.3 mg/L, EMCcop 0.9~ 37.1 mg/L, EMCroc 0.678~
13.456 mg/L, EMCry 1.734~15.089 mg/L, EMCrp 0.006
~1.146 mg/LEE EA} (Table 4, 5). EMCeop2t EMCrp
L 9JoJA oolo] ohfH QoK) 2 Ao: AR QL) oF
WA 99 ¢ et fudo] IR, hjofA
HASH= FErE =9 4R AR 98 $IeRE F
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L-THIA estimated direct runoff

Fig. 9 R? and EI at An—nae watershed.
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Fig. 10 R? and EI at Wol-oe watershed,
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7} 7F Aol diste] AEst fakt SEE olgsle] o
HalEs APgsioiet. AbdE e ARslERe SR o] BODs
37.9~390.9 g, CODyy 0.8~1,657.5 g, TOC 0.54~791.83 g,
T-N 0.968~1,758.174 g, T-P 0.011~42.139 g¢] H=
R, Yol §9o] BODs 5.9~632.2 g, CODyn 0.2~
8,448.7 g, TOC 0.15~2,160.73 g, T-N 0.490~ 3,423.767
g, T-P 0.001~ 107.836 g<] w2l= et} (Table 4, 5).
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Table 6 Measured Curve number under AMC 1, I, I
conditions in An-nae watershed
Soil Curve Number
Land use
Group AMC I AMCTT AMCII
Forest B 34 55 74
Agricultural B 56 75 87
Agricultural C 66 82 91
HD Residential C 79 90 95
HD Residential B 70 85 93
Forest C 49 70 84
Forest D 58 77 89
LD Residential B 49 70 84
LD Residential C 63 80 90
Forest A 15 30 20
LD Residential D 70 85 93
LD Residential A 33 o4 73
Commercial A 77 89 95
Commercial B 83 92 96
Agricultural A 43 64 80
Agricultural D 70 85 93
Water B 100 100 100
Industrial B 75 88 94
Water A 100 100 100
HD Residential D 83 92 96
Water C 100 100 100
Commercial C 87 94 97
7
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Attt (Fig. 9, 10). Wi f99] ZAA1= (Coefficient
of determination: R)¢} G-&A4 (ED= 0.813 0.712 Lhe}
1, 49§99 AAAS RHY SEAS (EDE 0.959
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o} & H Ao woEct ¢hfH %H 3% w7l &
e FEAETE AR El0] @A) WA A0 JehEch 1
gu R §oo] ALw S8 x47t 0.712 Donigian and

Table 7 Measured Curve number under AMC 1, I, I
conditions in Wol-oe watershed
Soil Curve Number
Land use
Group AMC I AMCIT AMCII
Forest B 34 55 74
LD Residential B 49 70 84
Agricultural B 56 75 87
HD Residential B 70 85 93
Forest D 58 77 89
Agricultural D 70 85 93
Industrial B 75 88 94
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Fig. 11 R? of pollutant load estimation (An-nae watershed)
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Fig. 12 R? of pollutant load estimation (Wol-oe watershed)
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