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Abstract

Urbanization from agricultural/forest areas has been causing increased runoff and pollutant loads from it. Thus, numerous
models have been developed to estimate NPS loading from urban area and Long-Term Hydrologic Impact Analysis (L-THIA)
model has been used to evaluate effects of landuse changes on runoff and pollutant loads. However, the L-THIA model could
not consider rainfall intensity in runoff evaluation. Therefore, the L-THIA model, capable of simulating runoff using
10-minute rainfall data, was applied to the study areas for evaluation of estimated runoff and NPS. The estimated
Nash-Suteliffe coefficient (NSE) values were over 0.6 for runoff, BOD, TN, and TP for most sites and watershed. The
calibrated model was further extended to other counties for pollutant load potential evaluation. Pollutant load potential maps
were developed and target areas were identified. As shown in this study, the L-THIA 2012 can be used for evaluation runoff
and pollutant loads with limited data sets and its estimation could be used in identifying pollutant load hot spot areas for

implementation of site-specific Best Management Practices.
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Fig. 2. Overview of genetic algorithm used in L-THIA 2012 (Jang et al. 2012).
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Fig. 3. 10 year representative precipitation using Thiessen coefficient.
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Table 1. Event mean concentration (BOD)

Landuse classification

Korean ministry of environment - BOD EMC (mg/L)

Below 10 mm 10~ 30 mm 30~ 50 mm Over 50 mm

URMD 6.1 73 7.0 28
uipu 53.7 29.7 12.0 39
Ucom 16.8 21.1 204 9.8
UNMD 242 64.8 19.9 16.1
UTMD 12.3 6.8 5.5 23
UINS 7.9 9.0 48 47
RICE 4.0 39 39 3.7
AGRR 0.0 16.9 13.6 40.7
URML 7.8 1.8 11.0 124
ORCD 0.0 1.0 37 25
AGRL 0.0 0.0 44 2.0
FRSD 12 1.2 1.8 2.1
FRSE 1.1 1.1 1.2 0.9
FRST 1.2 1.8 1.8 0.9
BENM 4.6 6.1 6.2 39
PAST 36 6.8 3.9 34
AGRC 15.6 124 19.8 13.3

Table 2. Event mean concentration (TN)

Intermediate-classified landise Korean ministry of environment - TN EMC (mg/L)
Below 10 mm 10~ 30 mm 30~ 50 mm Over 50 mm

URMD 7.1 7.0 27 6.4
uipu 8.3 4.1 44 2.0
UcoMm 28 3l 2.1 1.5
UNMD 54 29 47 4.6
UTMD 3.0 2.6 22 1.1
UINS 13 5.9 1.6 6.7
RICE 2.2 2.5 31 27
AGRR 0.0 24 54 8.6
URML 22 4.5 5.5 4.5
ORCD 0.0 04 1.5 2.0

) AGRL 0.0 0.0 10.1 5.7
FRSD 1.7 2.0 33 1.8 -
FRSE ) 18 19 24 17
FRST 1.8 0.6 1.6 1.8

o BENM A 48 6.9 49
PAST 2.0 2.6 24 2.0
AGRC 5.5 2.6 23 22

g EMCZHE 713:gke® st EMCEES +30%, -30% el
A H35le Bgo] o] ol = 8% tHTable | ~ Table 3).
Table 1~ Table 3¢ #MAIF Z+ZA=H/EACEE EMCE
ZYPaATP A AAF Fo vdedd §& A7 =
Ugd 2 ARVEATE Esl 448 gholw, A
o @ F 0022 E7|H e @S AF BUHY F
245 omEy BASHE W &Y EXo]EA FEl
ubAahA] GFgk7] wfEol ot

26. A8 fE/HIMEeY 251 T AlE & HE

2
e A% 2a7t gle uAF A99 2F SdelA

22 a2sts| x| M H2E, 2013

A &8s Default CN, EMCE Al#3std 24 #&3% ¥4
egyszEg HrsA gk o ¢ dAd 3H 8
Zd g 18 glo] & 9 FEE JAPYHER A&
g & FRHIL olFodrin & + o AER
B Aol Al FH4 a4g aesty] fsto
ET 9 Astde ¥AL AAF ¥ AY 4F 4 4L
Quslake] §EAF7E 0.5 ol49 Best CN& Agske] Al
F gd Zg Hrtel AHRslglthFig. 5). AH CNelk
AAE7E 050140l HA BE fREAF M ®E @E
i Second Best CNE Best CN T80 & #& F&EA
#9] CN@g Stk 7 9 Ackd 34 /5% 44 4
718 Esle] Y EFT 9 425139 Best ONTE AlE
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Table 3. Event mean concentration (TP)

iteemetlibo-Glkssiifod Fiand Korean ministry of environment - TP EMC (mg/L)
Below 10 mm 10~ 30 mm 30~ 50 mm Over 50 mm
URMD 0.2 0.2 0.2 0.4
UIDU 1.2 0.6 0.1 0.1
Ucom 13 0.5 1.3 1.4
UNMD 1.8 0.7 0.5 0.7
UTMD 1.3 0.2 0.2 0.1
UINS 0.3 0.3 0.1 0.7
RICE 0.2 e 0.3 0.4
AGRR 0.0 24 23 10.3
URML 0.6 1.7 3.2 21
ORCD 0.0 01 02 0.4
AGRL 0.0 0.0 1.3 1.4
FRSD 0.1 0.1 0.2 0.5
FRSE 0.1 0.0 0.0 0.0
FRST 0.1 0.0 0.1 0.0
BENM 1.5 1.3 1.9 1.5
PAST 0.5 0.6 0.3 0.7
AGRC 0.2 0.9 0.7 0.7

Best CN

| Estimation of Direct Runoff |

Fig. 4. Method of direct runoff and pollutant calibration.

| GAbasedDirectRunoff |

[

| 1BestCN || 2) SecondBestcN |

3) Default CN |

L

b

i

| Determinaton of Best/Second CN for Sudy Area |

v

| Application of Best/Second CN for Study Area | | Application of Best EMC for Land Unqﬂbinfail Ma;nitude Jl

¥

| Estimation of Direct Runoff |

Fig. 5. Application of calibrated L-THIA 2012 to the study area.

Estimation of PollutantLoads |
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o9 G A S Ak 2 AT Best CNEHRY of
Yzl Second Best CN, thggh £3& E3) A& Default
CNgk& H &3k ol EF 9 £33 33 CNgol 3
Fote EA0l 8RS EYE ZFHRU)O| Algoz
A& W AF HRUZL gle 297 RSB o] HRUY
FEAFZE 050]401HAN F HAR fFaAF7} HE =
< Second Best CNE€ AH&s=% 54l a#9 Second
Best CNE A &3l & a1 F= = HRUZE Qe A2l A&
A9 EAoAM A Default CNEHe Hgstgth EF
9 A3kde "FedFSE Y ke Feke 434
EMCE2 A4 #% 2A% vptAR faEA57 F
4 050140 S AHY EMCE AEsin. $3i3 2
A H7HE AAT F 74 AlF siFste A EMC7F 4t
AEHA 2 AYe] A& A= HAA EMCr AF"
A2l EMCE H&dHdd g A &5 2 dFolA
£ ET 9 23839 HF CN, EMC3g A&t 77 Al
To 2 FFHLP7IE FIT F FIFUYFELR 2F
F5t ¥6ld S ARE 45t

3 24t & 1#F

31. L-THIA 2012 H 84 HI}

L-THIA 2012 AR {EAEEZ Zegd FIAAERE
BEE AMESY 77 Al W ET 9 439 Ad &
2, BOD, TN, TPel ti& 42 wgL 2Asgch o] zb
ERY RES Aggozn rwd EEINEAA G
& e BgAHS dhAZoen, Bo AFH] RFAT
2 9tk L-THIA 20129 HE&4 H7IE 98l FEAS
(NSE)E o] £3}13 NSE7Z} 0.40 o]4tel® mEo] AHd
A5 2 molshE Zo]v(Ramanarayanan et al. 1997), ¥
el nge] & W9 AT Table 42 71&S
AHgstgdth, 2 Ao 7 Al W ETFS Ao
AR FEEAL ANG A BT ZS 49T 1EE
Aol Ao A FEAF7 A eSS (Table 5), 4=
st el Z9 4383 718 AHAAM /FEASFT 72 E=A
245t Table 6). o224 A & AF B3 25
g g L-THIA 20127} &8 & 29ste oz #idd

12000 + — — —

= I_I I o

Direct runoff (m’)

0

20110623 20110929

20110808 20110813 20111015

Date (day)

20110708

(a) Namyangju-4 station (Outfall)
Fig. 6. Result of auto-calibration using L-THIA 2012.
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Mensurat »oni

Direct runoff (m”)

Table 4. Criteria for evaluating model performance (Donigian,
2000)
Evaluation Poor Fair Good
NSE < 0.6 | 0.60-0.70 0.70 ~ 0.80

Very good
> (.80

Table 5. Result of direct runoff calibration (outfall)

Outfall NSE Outfall NSE
Icheon 5 0.869 Namyangju 4 0.994
Icheon 6 0,982 Yongin | 0,964
Icheon 7 0.750 Yongin 2 0.991
Gwangju | 0.920 Yeoju | 0.794
Gwangju 2 0.932 Yeoju 2 0.946
Gwangju 4 0.690 Yeoju 4 0.930
Namyangju | 0.760 Yeoju 5 0.861

‘Jang et al., 2012

Table 6. Result of direct runoff calibration (Small stream)
Small stream NSE Small stream NSE
Yangpyeong 0.583 Gapyeong 0.892

t}. Fig. 6& ET F Fa2A57F 718 24 A48 395
AR} 288 F FEAFE M =4 AEE 1EAA
o 4% 4AFETH dF AHFEFE vag Aok
ST 4AH L JAFE BPL B 52 PP 2 =
g58SS ¢ F Jden 71E AR B EFA 9eF
4AARHE Y42 FREATE ZAY Table 48 71ELR
B2tg 9 Very Goodel st 2HE o] &3 FEE
7b & moEgita wH

BOD, TN, TP ¥|He¥ H3¥E& $siA L-THIA 2012 %
5l AERY ZEL AHES9oen, o] B3 BRES FIt
of 2HFE A EMCe BF +30%, -30%9] g ol gk
o moH HHLARE FEATE #HT 2
TN 3ol s ¥shzol 743 & =oj=glen, TP 2
S o F1ute] FRERAF7 A 2O %AKTable 7). 771
Al & 9F, o)A, BF, GLF e AT EFeAe
Az BPegRatgny o vgedatEate) 4E#A
7} A 2ot

250000 +
= Estimation
| Mensurmeni
200000 +—— {
150000 + |
100000 1~ — —
20110510 20110623 20110707 201109829 20111016 20111106

Date (day)

(b) Gapyeng station (Small stream)
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Table 7. Result of nonpoint source loads calibration

Outfall Load NSE Outfall Load NSE
. BOD 0.654 — BOD 0.608
Yeoju | TN 0.798 TN 0.755
TP [ 0978 | Gwangu2 | TN | 0766

Yeoju 2 TN 0.897
Yeoju 4 TN 0.670 Namyangju 1 | T N 0.732

“Jang et al., 2012

32. 0 A2 A /& | HEH2YGFI- EMEY

E AFdAE 770 A2 ET 2 A8t n3Ase
e HA CN, 2 EMCE Ao gz fsie] 3
A & 9 vFed Y sES HWotsich goiE o) AHE
@ Z9ARE 2011d AE2 vpgog AHEE 108 E
Z29EE Agsged, 7l A2y FY fER9E A
& GISAER RHs7] 98t Ay F29e 4 99 +
FdLeg ARE #AY3UiFig. 7). Fig. 79 GIS #&4
AEE BtE W 7HEIANAN AP Re8e AF 2 A
o= EAHMLH, ol 7189 & E/Mo] tE A9
wep 717] wfolet #gbEh Fig 39109 dE 490
& 1% o FFEAQY 10d dE ZeFo] 7 A
& £ /Mg 2 Aol #dE F oy, £ AN
108 dEZSYE B9 ol EAL/EYEE 17
st f&F EEE A7) dE FFA Yo opd
7HEA Y9 f& Eddo) 713 2 Aoz HrH A

Direct runoff(mm)
Value
High : 1965.66

Low: 4.694

A
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Fig. 7. Result of direct runoff at study area,
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Fig. 8. Result of nonpoint source loads at study area.
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Fig. 9. Nonpoint source potential at study area.
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Table 8. Result of nonpoint source loads

Location BOD (kg/yr) TN (kg/yr) TP (kglyr)
Gapyeong-gun 4,806,198 2,769,894 1,015,628
Gwangju-si 1,836,079 987,863 351,671
Namyangju-si 1,012,294 569,909 200,897
Yangpyeong-gun 4,363,427 2,528,738 440,565
Yeoju-gun 4,538,055 1,904,718 902,186
Yongin-si 2,191,312 1,111,230 440,563
Icheon-si 3,289,720 1,404,229 915,687
Total 22,037,085 11,276,581 4,267,199
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