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Abstract

SWAT model would be applied to evaluate the pollutant removal capacity with various best management practices (BMPs) in
Kyongan stream watershed which plays an important role in water quality conservation and improvement of Paldang reservoir.
The methods for the representation of various BMPs scenarios with SWAT is developed and evaluated. Riparian buffer strip,
agricultural conservation practices to reduce fertilizer, sediment, and nutrients occurring from farm field (Grassed swale,
Contour farming/Parallel terrace, Field border, Farm retention pond, Grade stabilization structure), and washland such as
wetland and pond to extend detention and improve water quality are represented in SWAT. And to represent the expansion of
existing Waste Water Treatment Plants (WWTPs) in Soil and Water Assessment Tool (SWAT), reduction effect for point
source pollutants was simulated. As the result of simulation, the removal rates of SS, TN, TP from scenarios of Kyongan
stream watershed are the average annual SS yield by 5.2% to 69.2%, the average annual TN yield by 0.5% to 26.3%, and the
average annual TP yield by 1.3% to 32.5%, respectively. This study has demonstrated that the SWAT is a very reliable and
useful water quality and quantity assessment tool, and the BMPs representation in SWAT for watershed management is able to
effectively simulate in Kyongan Stream watershed.
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Fig. 1. Kyongan Stream watershed and the monitoring stations.
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Table 1. Land use characteristic in Kyongan Stream watershed

Land use Forest Paddy Cropland Pasture Urban Water etc.
Area (km?) 189.5 408 87.2 447 1329 218 725
Y%area 65.0 8.0 8.4 31 11.2 2.2 2.2

(a) DEM

(b) Land use map

SwatLandUseClass
AGRL

ANHEUND

(c) Soil map

Fig. 2. Setup of DEM, land use and soil map by BASINS for study area.
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Table 2. General simulation targets or tolerances for SWAT application

Very Good Good Fair Poor
% Difference
Water flow < 10 10~ 15 15~25
Sediment <20 20~30 30~45
Nutrients < 15 15~25 25~35
NSE
Daily water flow 0.90~0.80 0.80~0.70 0.70 ~ 0.60 0.60 ~0.50
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Fig. 3. Composition of buffer strip structure and location of
wetlands and detention ponds.

Table 3. Land use distribution in buffer zone of Kyongan
Stream watershed

Land use Area (km?)
Residue 2.80
Agriculture 9.75
Forest 21.04
Pasture 0.81
Barren 1.05
Wetland 0.04
Water 0.33
Total 35.82
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Table 4. Soil erosion yield in subbasins which contains the much number of upland

Sub-basin 2 4 5 7 8 12 13 16 17 18
% Upland 11.4 10.6 19.8 12.8 104 13.7 12.7 139 15.0 14.4
SYLD* 0.50 1.10 3.64 2.29 291 251 2.85 3.17 3.18 4.61

# : SYLD(sediment yield, ton/ha-year)

Table 5. Representation of agricultural managements in SWAT

Representative SWAT parameter

BMP Function Variable Value with Value with BMPs
(Input file) no BMP in good condition
Increase channel cover CH_Cov 1.0 0.25
Grassed swale Reduce channel erodibility CH_EROD 0.6 0.15
Increasing channel roughness CH_N2 0.14~0.28 0.24
Contour farming/ Reduce overland flow CN2 83 62
Parallel terrace Reduce sheet erosing USLE_P 1.0 0.54
Field border Increase sediment trapping FILTERW 0 5
POT_FR 0 0.3
Farm retention pond Present pothole POT_TILE 0 0.1
POT_VOLX 0 0.05
Grade stabilization Reduce gully erosion CH_EROD 0.6 0.15
structure Decrease cover factor USLE C Assigned by SWAT 0.05
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ATolA Y SS9 FEEZE A e 7IE A EEY
508 71 Aol 7hed ALR HEsAnh A 3R
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TNZ TP7} 30%% 7ZHAshe, AldL&Fo] 20,000
mlday ©]4<Ql ZAQsFAHEFH Gt AY G A4
502 SS7F 50% #AY ALZE 7Pt th(Table 7).
AAAEHEY ERAHYUAYY w2 dFERFGE S

2449 AAANE AR ARY $EoE ®
=]

0.25~0.76 mfyearo|™, & AT FA ¢ AFA | et 2l bd FEY ERFFYAYY =AY A3 54, M
9 AAES 07 miyear, 229 FAES Q1Y W FF Hedd BeulS SUsh, 871242 74 FEs 2
21 0.3 miyear2 7Hgste]l Ptk I e AWHAFA 2EFX T AFFZ i et Ak {9 EFA
28 93 YYUAAES SWATY *pndEs ©] &3t #9998 rhE St FRsANEgAIUE L 1), 944
Table 6(a)%F 6(b)% 2] 2daAet. B FAA UL 2), FEAFA AU L 39
Table 6 (a). Parameters for wetland simulation

Variable name Definition Values

IPND1 Beginning month of mid-year nutrient settling “season” January

IPND2 Ending month of mid-year nutrient settling “season” December

WET_FR Fraction of subbasin area that drains into wetland 0.02

WET_SED Initial sediment concentration in wetland water 20 mg/L

WET_NSED Equilibrium sediment concentration in wetland water 5.00 mg/L

WET_K Hydraulic conductivity of bottom of wetlands 0.03 mm/hr

PSETLW1 Phosphorus settling rate in wetlands for months IPND1 through IPND2 0.7 mlyear

PSETLW?2 Phosphorus settling rate in wetlands for months other than IPND1-IPND2 0.7 milyear

NSETLW1 Nitrogen settling rate in wetlands for months IPND1 through IPND2 0.3 miyear

NSETLW?2 Nitrogen settling rate in wetlands for months other than IPND1-IPND2 0.3 miyear
Table 6 (b). Parameters for detention pond simulation

Variable name Definition Values

PND_FR Fraction of subbasin area that drains into ponds 0.01

PND_SED Initial sediment concentration in pond water 20 mg/L

PND_NSED Equilibrium sediment concentration in pond water 5.00 mg/L

PND_K Hydraulic conductivity of bottom of ponds 0.01 mm/hr

PSETL1 Phosphorus settling rate in pond for months IPND1 through IPND2 0.7 mlyear

PSETL2 Phosphorus settling rate in pond for months other than IPND1-IPND2 0.7 miyear

NSETL1 Nitrogen settling rate in pond for months IPND1 through IPND2 0.3 miyear

NSETL2 Nitrogen settling rate in pond for months other than IPND1-IPND2 0.3 mlyear

CHLA Chlorophyll a production coefficient for ponds 1.00

SECCI Water clarity coefficient for ponds 1.00

NDTARG Number of days needed to reach target storage from current pond storage 6 days

WUPND Average daily water removal from the pond for the month (10° m®day) 0.3

TAEN ShRE&sts|X| A263 FM35, 2010
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Table 7. Reduction of point source pollutants in SWAT

Treatment plants Capacity (m*/day) Sub-basins Extension capacity Advanced treatment
Yongin 36,000 13 SS : 50% TN : 30%, TP : 30%
Ohpho 7,000 12 SS : 50% TN : 30%, TP : 30%
Maesan 500 17 - -
Dochuk 2,000 11 - -
Manseon 100 10 - -
Konjiam? 20,000 7 SS @ 50% -
Gwangju 5,000 18 SS : 50% TN : 30%, TP : 30%
Namhansan seong 1,200 4 - -
Kyongan® 25,000 4 SS : 50% -
Gwangdong 300 3 - -
Samsung 300 1 - -
. WWTPs capacity above 20,000 m%day
HEEed AolE A AV st dded AEs A% Z¢ BE “Very good” (10% ©l3hE dJeldoh #3717+
AU L 4 5 oA AFT EE AU E H&5AE of WalA= NSES B¢ d< Ast B EF “Very good”
B AdA 799 Ld=2 AFEHE FUtstATh (0.92, 0.87), % difference= 2 <+ Ax “Fair” (15~25%), 73
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3. &1 4 jat BS% 0.83~0.96 WA 1.0k ZAFSHA YUEbson,
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£ Yo, % difference= <t A7} “Fair” (15~25%), A 2 JFS Weth mEA Fde F-2g2 Ss, N,

Table 8. Statistical comparison of observed and simulated daily streamflow, SS, TN, and TP during the calibration and

validation periods

Calibration Validation

Kyongan A Kyongan B Kyongan A Kyongan B
Obs. Sim. Obs. Sim. Obs. Sim. Obs. Sim.
Mean 6.07 7.30 13.86 14.42 6.34 7.92 13.71 14.65
SD 10.22 9.11 23.46 23.15 13.41 13.73 27.89 26.84
S i, - 203 9.0 - 25.0 6.8
0ls - 0.83 0.96 - 0.80 0.94
ENS - 0.71 0.77 - 0.92 0.87
Mean 13.63 12.79 11.42 12.46 15.82 13.90 12.63 12.22
ss SD 16.64 7.38 10.60 7.47 13.72 9.80 11.98 8.45
%diff. - 6.2 9.0 - 121 33
0/s - 1.07 - 0.92 - 1.14 - 1.03
Mean 8.71 8.30 7.23 5.50 7.73 8.95 5.47 5.73
N SD 3.92 521 335 3.19 337 5.56 2.26 3.38
%diff. - 4.6 24.0 - 15.8 4.8
0/ - 1.05 - 1.32 - 0.86 0.95
Mean 0.42 0.40 0.36 0.31 0.44 0.41 0.24 0.30
TP SD 0.18 0.24 0.18 0.16 0.21 0.25 0.09 0.16
%diff. - 34 13.5 - 5.8 28.4
0/s - 1.04 1.16 - 1.06 0.78
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WAESE 952 2P AFE Table 8% Zrh 545 18 | AvHezr 2ot ¢ HHs 29
8713 Bt A% A9k BARY % difference= EF “Very ¥ Aoz AlgHTh
good” (20% °lshE H7FHASH, O/S ratiox 0.92~1.14 Fig. 4= AA A -BZANHY A2gn 2 AIE
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o2 yepgth =2 #-BY2 GWNO3FH GWSOLP 7 FoiRE W, 1 B9 34H 99 F=E mol
9 sHFded dFe Fe WAbTS Asr] dLGE g o Fx), m FHAA oA e FEE dUele
A9 A} &&& Jehl= RS1-RS5e BE Hag < 71&4 ><1xtOlE} 2 d7ddA s ASHT 2 dAS
o WsE yell= BCL-BC47t F& iz #&st A7) fe F "t BEXE UeITHEAE F,
Aty AA= Aag, @28, 2AnFH S wgr|Fo| o 2009). Flow, TNe B¢ AZ37 Zelgho] 113}%% =
s, 53 AAANAE HFE NO-N Tz &A% HoZ [FH g Wl ssst TP 7 —3717&011
th Q9] A Ao} P B 4A BA @43 F=2 E - &gt e F outlierst tha 9l7l SHA gk oA
ol FFH EGFH A fEHe SHE Ads T F Aoz Fx9 FofFl Fol FA deht mgho] ASH
A9 EZF wgUIAE AT ot AHBAS 5, o IS AT F 9}214.
2009). TN A% F AR BT A-BF 7|0 4AH %

« ” = o] AXlT 15k od
difference”} “Good” (25% ©l3}) o3-S yeliew, TPY 3.2. SWATS| Ze| g It
AL BA7ZF EoF A ASH B, AA7IHS Ao AdA THEASA 2 HHGsEY, AWMAFTA 24 2 8371
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Fig. 4. Scatter plots of observed and SWAT-simulated daily stream-flow, SS, TN, and TP concentration during the
simulation period.
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Fig. 5. Comparison between (a) SS, (b) TN and (c) TP vyield after and before BMPs.
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3 A%, @A 3% vaste] £A04 w37t depgd
Aol Adeed saAwE noe tg 200411 3]
20088714 §99) HE FFAM) NP A oAMES

& A5t en, 74 Avg el AZads mo}?}v}.
Fig 5% 2004dF-E 2008@7bA] AluEl e A& -5
2o A%E el itk SS9 A Ay e A
g A9 dAgF FAPEA IR 36,154 ton/year
Hote G273 AE 2SR odgkor], TN} TP
o Z2H#E YA £ SS9 ARE AU e
ZadE TN, TP vlnste] F3g xtols yeh
yegled Aza#e FFH EAol o &0 Ao
9E Stk Table 99 9t Alyele L(FHTFY =
9 249 249 AdEle H& AdE ss7b 36,154

fol L
o
r[o

N @ ol Hoa g S

ton/year, TNo] 1,475,772 kglyear, TP7} 80,501 kg/year©]
Red, AU e HE I SS7F 31,440 ton/yearZ
 13.0%, TN©O] 1,424,456 kglyearZ Hit 3.5%, TP
75,816 kglyear2 B 58%2 ZTAE 747 Yo o
4 AREFE £ 7 e o)e FH(EA)S sF3t
o o=l ARHE Zo] ofvFH T K W EX
o] SHMSHRU &A4Wslh) &, 2A57te mE JFolzt &
F AUtk FYAdA B e¥o]l FHE FIA Frby
ARH=A B F gle ¥ =24l SWATY +
ZA Aol HAHA F2 Aotk SWAT-REMM
Prototype ¥ o] NdE o] Ashd GFETFIte] digh "
ZAEY EA(QEA 5, 2008) 5ol #A ATFE0l Y
=i gtk

A L 233 Y

fo

AN
M
a, m]

a2

s#e)9 B$ SS7F 23,565 ton/year=
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B3t 34.4%, TNo| 1,386,621 kg/year2 B 6.0%, TP7}
71,862 kglyear2 B 10.7%7F 2474 A@Ho wlged
Aolg 9% dd AUle F /4 ¢ 288 e
Atk SWATS 7% HRU(Hydrological Response Unit)2}
£ ANHRE B3 2Ed oY wiWsE AP fF
548 2 2H4ER ol W% 33«& %ﬂé}g Eis=y
g 204 ALEE FAARES 9T =2

FILTERWHSTE o] &3t =AW A& Frletes dH2
ZAUNE FNHOE BIAIA E3 Y Zo o3
FAF AZgTS 1Esy] w2 A g 5EA
WA Zart aHEA Fon o2 Qls FARAZ B4
oA Algte] WE ¢ Utk mEkA o] 2 d¥ g Bt

71 98 ¥4 §(2008)2 VFSMOD-W Zd-& o]83}o]
o8 7HA JAAHEAY F, Z9o 2 §F, A4 T
AZH7F 28 Aol W2 FAF A ZF H|A e
AE metste] SWAT Ed9 24d FAAL RES
A3 Hl Jon, SAHT(2009)E ZANE FHHow
St FA WelAM Y EA FARFS At 99
S Mdste H88e Frkste & B2 d7AE
star gith.

AU Q. 3(HHAFA 248)9 B SS7F 34,267 ton/
year2 Ha 5.2%, TN©o] 1,467,873 kglyear2 Ha 0.5%,
TP7} 79,489 kglyear2 B 13%FFS Uehfo] Alug
2 F AZEIHRt M AA desith AvE e 39 FE
g 2o ¥ 2REANS HdMe AMAFAY FEd 9
A, B4, 8% 5ol ot FE FU|te] A4 2 FAA
BE0] &5 AR Fo ok ek Ed 2HH AHAF
A8 FAZAY A& 7FedE Frie] fdiMEe AdA

A v

bl "
I8t 4> rxi

[T

FAY FEEN 2 FAAZEY 29 Fo] AP Hooks}
W, SWAT 2de £U88 nogd 2 #£2 B35 e
98 $u#y =dQl REMM 2d 58 o8& dF

Aol vlwd ert YHAAE S, 2008).
AUE L 4BA 7124144 &%) F5 SS7F 28,760 ton/
year2 H 20.5%, TNo] 1,257,004 kglyearZ B 14.8%,

w71 ARE F e Rusdn 4egdd v e 2
AR #99 3% Fogd el BE 53 2 R
Azkol BBAolE, WP GD Aolsh vwste] = hof
A BT 44 BASE 28 £ 982 ¢ F Ad

AlYyE @ 59 A9 SS7F 11,155 tonfyear2 B 69.2%,
TNe] 1,087,913 kglyear2 B 26.3%, TP7} 54,309 kg/
year= i 325%E YeEhlo] aHZQl FABEAE
7] YeliME AYed 2 HiFdedd o AR
o] FAlo| e Fojof & AOoT W

AlUel el AZEEe FATEA mEtx Aole 9l
Y AU 2 5 > AUl 2, 4 > AUE L 1> AU
o #AMZ2 vebgth oy 2 HFHe dd EFHA
FAFE dAA AlUEle 58 Asd HES HHYs
#HAHE L 2)F &34 fFAMES ERFeE AT
AL FLERY FS T2 AU d H& HHYEsHE
AU e 2) 2 Hed A7 dFRIYE L 4) %% &
AAS AREHE 4& F Ue ALE Uegth 534
4 FAE 9T AE9E 2 724 F¢ 52 SS9 ¥

2
A% 59 ARGEBAPAS FALHYS Jrisisa
SYAUAY A&He nAse sEgAede) Aol
9% A% Fuoz AIFolATHelsAR A9,
2002). =3 AR £99 ALH EARTIAT P2
o BE BF B BANRAE 3o BAUY Aow

SWAT =d9] 2ozt &35tH SS9 BMPs A& 7
22 51d(2004~2008'F) H# 49.21 mg/Lelw HH YT
FAUE L 208 58 H 3359 mg/L7AA AAE & )
AL, Fed g vHLE AFHAA UYL 58 &3 Al
U e 268tk oF 3ui7bF o] 42 HiF 10.63 mg/L7A
ARG & d= Aoz Veygrth TNS BMPs d& A
490 mg/LAlA AUl 2 A8 F 471 mg/L, AU L 5
& ¥ 359 mg/L7tA AEALH TP 0.245 mg/Lell
A 27+ 0.231 mg/L, 0.173 mg/L7}+A) #@01 MAEE &

o)

TP7} 66,686 kglyearZ Ha 17.2%3F= 2Hago] 713 £ T AATh SS9 B Hed ¥ vFLE AU HE
2 385 etk Jung 5(2008)2 HSPFE ©] &3 A% Fle 49 s4&7ARF7IEQ |||§€.Lg e TN,
A 99 2dd AFZAFAA AV e FANS 5% TPY B% Veags €4 2Fstes L= 93 32
£ EMsded, steAgdy AR Eeol 30% 7HAAl NAE A= 249 1 Agd g F7HH0 A7
BOD, TN, TP7} 14~20% B Z, 50% 742 19~31% 3 o] FojAof & Aoz BEATH
Table 9. The contribution of pollutant load and water qualities before and after BMPs
SS N TP
TPL® R (%)’ mg/L TPL® R (%)’ mg/L TPL® R (%)’ mg/L
Current 3.62 - 49.21 147.58 - 4.90 8.05 - 0.245
Scenario 1 3.14 13.1 42.98 142.45 35 4.68 7.58 5.9 0.228
Scenario 2 2.36 34.4 33.59 138.66 6.0 471 7.19 105 0.231
Scenario 3 3.43 5.3 44.78 146.79 05 4.89 7.95 13 0.242
Scenario 4 2.88 20.7 4234 125.70 14.8 3.97 6.67 17.3 0.193
Scenario 5 1.12 69.5 10.63 108.79 26.3 359 5.43 324 0.173

® 1 Average total pollutant load (SS: 10° ton/year, TN, TP: 10* kglyear)

b. Average reduction rate, %
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