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Improvement of Stream Water Quality by Applying Best Management Practices

to Chungjudam Watershed using SWAT Model
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ABSTRACT
This study is

to assess the reduction of nonpoint source pollution by applying Best Management Practice (BMP) in Chungju-dam

watershed (6,585.1 kmz) using Soil and Water Assessment Tool (SWAT). The model was calibrated using 3 years (1998-2000) daily
streamflow at 3 locations and monthly water quality of sediment (SS), total nitrogen (T-N) and total phosphorus (T-P) data at 2
locations and validated for another 3 years (2001-2003) data. The 5 BMPs of streambank stabilization, porous gully plugs, recharge
structures, terrace, and contour farming were applied to stream and area with the specific criteria of previous researches. Through
the parameter sensitivity analysis, the farming practice P-factor and Manning's roughness of stream were sensitive. Overall, the NPS
reduction effect was high for streambank stabilization, terrace, and contour farming. At the watershed outlet, the SS, T-P, and T-N
were reduced by 64.4 %, 62.8 % and 17.6 % respectively.
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Fig. 2 Spatial input data for model setup: (a) stream and order, (b) DEM, (c¢) hydrologic soil group, and (d) land use

Table 1 Land use of 17 subwatersheds

Sub- Land use area, knt” (%)
watershed Water Urban Bare-Field Grassland Paddy Upland-Crop Forest Total
1 0.1 (0.001) 0.4 (0.006) 2.7(0.041) 1.5 (0.022) 34.5(0.524) 0.5 (0.008) 3479 (5.3) 387.5(5.9)
2 0.1(0.001) 0.4 (0.006) 1.4 (0.022) 1.9(0.029) 45.2 (0.686) 0.8 (0.012) 398.0 (6.0) 447.7 (6.8)
3 2.1(0.031) 1.1(0.016) 12.3(0.186) 13.9(0.211) 95.6 (1.451) 5.3 (0.080) 822.0 (12.5) 952.0 (14.5)
4 1.6 (0.024) 1.3(0.019) 3.5(0.053) 6.4 (0.097) 73.5(1.116) 6.2 (0.095) 503.0 (7.6) 595.5 (9.0)
5 2.9 (0.044) 2.7(0.041) 3.7(0.057) 21.9(0.332) 86.0 (1.305) 7.5(0.114) 733.4 (11.1) 858.0 (13.0)
6 2.6 (0.040) 0.9(0.013) 3.0 (0.046) 4.4 (0.067) 45.4 (0.690) 2.9 (0.045) 434.8 (6.6) 494.1(7.5)
7 1.2(0.018) 3.0 (0.045) 0.8 (0.011) 6.5 (0.099) 27.8(0.422) 2.5(0.037) 78.3(1.2) 120.0 (1.8)
8 0.5 (0.008) 3.2(0.048) 0.7 (0.010) 4.9 (0.074) 26.4 (0.401) 1.8 (0.028) 124.9 (1.9) 162.4 (2.5)
9 1.1(0.017) 0.9 (0.014) 0.2(0.003) 2.1(0.032) 17.6 (0.268) 3.0 (0.045) 132.0 (2.0) 157.0 (2.4)
10 0.4 (0.005) 0.2 (0.003) 0.1(0.002) 0.2 (0.004) 4.5 (0.069) 0.4 (0.006) 46.6 (0.7) 52.6 (0.8)
11 0.0 (0.000) 0.4 (0.007) 0.7 (0.011) 0.7 (0.011) 15.6 (0.237) 1.3(0.019) 469.6 (7.1) 488.4 (7.4)
12 0.2 (0.003) 10.4 (0.157) 2.8 (0.042) 6.0 (0.091) 734 (1.114) 6.3 (0.096) 362.4 (5.5) 461.4 (7.0)
13 0.0 (0.000) 0.3 (0.004) 0.2 (0.003) 0.5 (0.008) 8.4 (0.128) 1.2 (0.018) 19.1 (40.3) 29.8(0.5)
14 0.9(0.013) 0.4 (0.006) 2.8 (0.042) 3.4(0.51) 29.8 (0.453) 2.4 (0.037) 278.0 (4.2) 317.6 4.8)
15 48.2 (0.731) 0.9 (0.014) 1.4 (0.021) 7.8 (0.118) 66.1 (1.004) 4.5(0.069) 3124 (4.7) 441.3(6.7)
16 2.3(0.035) 8.2(0.124) 6.0 (0.090) 5.5(0.083) 55.4 (0.841) 6.6 (0.100) 367.4 (5.6) 451.2(6.9)
17 0.3 (0.005) 0.3 (0.004) 0.2 (0.002) 1.3(0.019) 22.9(0.841) 0.4 (0.006) 143.2 (5.6) 168.6 (2.6)
Total 64.4 (1.0) 34.8(0.5) 42.3(0.6) 88.8 (1.3) 728.0 (11.1) 53.7(0.8) 5573.0(2.2) 6,585.1 (100)
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of s FAx} wE, 2EASE HAZL (Table 3)O2HE =
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GullyglAlo] dlid=l= Ao Eolu Uit 55 A4, f45
Zo] Z2 Aol WAsE A4S HAIsHs AlvE] o]t
Srinivasan (2008)& 1|3 Bosque River §9 (4,282 km®)o]
SWAT X3S o]&sto] Gullyd4d] WA flaf 2=A+E =
e A3 1.4~30.3 %] A AE Holbk Qo & o
ToA= PR A IE GullyH4] HAIE sl 1943
TAPE 5 % oldelal 1, 22t s el ARt
of tia 2=AS (CHN(1)E 245k}, 2AHSE Chow
(1959)7F AAIgH F<=Hg (Flood plain)®] A&7} light brush
and weeds®] dgst= 0.05 42 A&st%=, SWAT =3
O] BAA] AFolde] 2eAl PSR @87 wizel 712
Zkel 0.01404 0.022 Z7MA#TE AA|, Recharge Structures
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Table 2 The selected model parameters for 5 BMP scenarios of this study

BMP scenario Purpose Selection criteria Model parameters Post-BMP References
CH_Cov 0.25 Narasimhan
Streambank Reduce sediment load in streams Main stream
Stabilization Maintain channel capacity (3rd, 4th order and above) CHEROD Reduce 50 % et al. (2007
CH.N(2) 0.03 Chow (1959)
Porous Gully Reduce ephemeral gully erosion | Tributary channels in subbasins with CHN() 005 Chow (1959)
Plugs Reduce velocity of flow Trap sediment slope>5 % - ' Srinivasan (2008)
Recharge Increase ground water recharge Trlb.utary channelg in subbasins with CH.K(1) 25 Lane (1983)
Structures soils of hydrologic group A and B
Reduced by 5 from the SCS Engineering
Reduce overland flow and conduct N2 calibration values Division (1986)
Terrace runoff to a safe outlet Paddy - — -
Reduce sheet erosion P-factor 0.10 }f slope = 1 t02 % Schwab et al.
0.12if slope=3to 8 % (1995)
Reduced by 3 from the SCS Engineering
CN2 L L
Contour ) calibration values Division (1986)
. Reduce sheet erosion All cropland -
Farming P-factor 0.5if slope=11t0 2 % Schwab et al.
0.6 if slope=23to 8 % (1995)

© CH_COV; Channel cover factor, CH EROD; Channel erodibility factor, CH N(2); Manning's “n”

value for the main channel, CH_N(1); Manning's

“n” value for the tributary channels, CH K(1); effective hydraulic conductivity in tributary channel alluvium (mm/hr), CN2; Initial SCS runoff
curve number for antecedent moisture condition II, P-factor; USLE equation support practice factor

121}, Lane (1983)2] dAtoflA= 39 %
B e —oﬂLWE A7l Qltk. ol5
Aofals HERO] o AholA milrt
Z3d 900] £Bad Bk A B (Fig. 20)0l dldshs
]vo}XM] sl SWAT 239 474+ (CHK(1)E 0.500141

mm/hr2 Z7AFHTE YA, Terrace= B[EAHALS] Zo|&

HE 9 eEE
Sy

ril rh: mlm
¥

%% Sz wWARA oL AfHA Y] HALS Folil, gully?)
P PRI o] ESESH A of|A9] HeaES
1’8}% MHQOM olE %ﬁH SWAT anow X]ﬁ%%# A

«1 J"f””"lx} (P-factor)& 217} 27st9ict. Zﬂ%‘%‘ﬂ% 7R
1~2 %, 3~8 %% =A% (Paddy)®] P-factorE Schwab et
1. (1995)°] AAE gk 0.10% 0.125 244 AEsl9on, =
—4 CNZES 780fl4 7302 2Asl9ict E3], & A-tollA /\]“9—
Sk =299 CN% Bae et. al. (2003)0] A|AGH AoR &
A EgTge] Agle] B 788 A-83ioint. whbA, Z]JL
T2 A Sl8l ONgrel 242 @4 H JA] gFort SWAT
B A Terrace AAo] We ARFE5 AGANE 2o}
7] 943l Tuppad et al. (2010)2] AFollA =x]o] A B G
T ARS8l 2788 2k (— 5 ARESch A, Contour
%1/,\1 ARoR fEa WRAS Eolet 54
o] Q. ¥ wifH4EE Terrace®t "RVIAIR CNgi
USLE P- factorg 247y 245t AR L] CNEES 780014
752 ZAEI I, P-factor= AAPF 1~2 %ollA 0.5, 3~8 %
oA 0.6& Agarect

Farming2
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Table 3 The parameter values of 3 subwatersheds for BMP

application
Parameters Calibration Pre-BMP value
Range YW #1 YW #2 CD
CH_COV 0~1 0.735 0.800 0.766
CH_EROD —0.05~0.6 0.045 0.025 0.035
CHN(2) -0.01~0.3 0.02 0.02 0.02
CH.N(1) 0.01~0.3 0.02 0.02 0.02
CH.K(1) —0.01~150 0.5 0.5 0.5
CN2 120 % 9 2 9
P-factor 0~1 0.8 0.8 1.0
. 23 & 13

1. SWATEEQ| ZH|

9] 64 (1998 ~2003)82t & E +dof ojgt &
Park et al. (2009)2] =04 Z}A3] Zro}
, 7149 ujZfHeES ARSSIGITE YW #1 (1H

A9 6HJ_ 7 A%9), YW #2 (29, 39, 59 289, CD (8
w9 104, 119, 129, 139, 144, 154, 169 179 &
7o) A -of oigt ?:l%%% AR A A= Nash and Sutcliffe
(1970) =& && (ME)°] 0.71, 0.61, 0.800]3lth. 42 HA®EA
A= PR #3, DR A-9] tigt SS, TN, TP Ha1%2] MEE=
Z¥7+ 0.72, 0.54, 0.70 Z18JaL 0.75, 0.85, 0.70°|¢ic}. 3,
E o:]_"rLoﬂ}\i Azl_,] 745}43 !;J Q /\xlz].gé 0]—9-3}93\01/]-
Ho} ko SRR E 0|83l Aty dkAto] Wl Ao7 Ut

_EL
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T} Table 3 BMP Alu] oA AMSEl= o7 gk
£ tehd ZlolH, BMP 284 a9l 952 47 285t
=5 3k

2. i QA=A Z1

Table 4= 77} BMP "i7|¥H45S S 2 Sediment, T-N,
T-Pell dfate] 4] (1)9] SIE 243 23g st Aot A
AH o2 P-factor7} 7P Wt e, CH_N(2), CH_COV,
CH.K()&oz qigtelditt, 4 5 s Sedimentol
thate] P-factor7b 7FY W 93 7|x= AR YL

202 CH.N(2), CH.N(1), CH_COV, CH_K(1)7} 9175k
o} thaC & TP CHN(2)Z CH_COVZ} W4saL, TN
CH_COV7} wizkst Zle& yepgt}, CH_ERODE TN, TP
thaliA] e Fare FA = AR YEREAL, Sedimentol] o
o = A2 AR yeptt oldt WE A+ 2HE §
sto] BMP Alube] 9] ZAxfe] 3ks ul2l= wizfHae] wizte
=g AgH o= mokdt 4= ik,

3. BMPAILIZ|2 HE0| OE HIH Y
29

0

Mg =1t

Table 5% 574 BMP AU 2.9 89| (Table 29

Table 4 Sensitivity of BMP parameters to model output

Sensitivity Index (SD)
Parameter -
Sediment TP ™

CH_COV —0.598 —0.510 —0.548
CH_EROD 0.120 0.000 0.000
CH.N(2) —0.888 —0.830 —0.116
CH.N(1) —0.643 —0.358 —0.025
CHK(1) —0.551 —0.371 —0.116
CN2 —0.105 —0.169 —0.029
P-factor 15.302 2.627 0.287

selection criteria)ol] wet 7 AU @5 &g 5P E= A
of eFgste] A83t Auts AL AFES WFeR 11 A
AausE Hatsto] AYst Zo|th. Streambank Stabilization
& sPRpTE 3 ol ek tCE, Porous Gully
Plugs®} Recharge Structures= 3PAE7) 2 o510l 4795
S A& Terrace?t Contour farmingS WA YTRS At
o7 g3t Aot AAH O R FopHo] H83t Streambank
Stabilization®] B3} 7Y 2A YRR, th&-0 2= Porous
Gully Plugs7} Sediment, Terrace’} TP, Terrace®} Contour
farmingo] TNS A ALAE 4= Q= Ao Yehylt. o
ohA, AAA & v dLS Eo)7] HsliA= F kol
20 %0l SfE3h= 319l Streambank Stabilization -85},
TAn0] BoJokst IARRI TPE Tl £017] Heiie 94w
9] 0.8 %ol sfFsl= A H Terrace®}t Contour farminge
Aot o] Al Ao A7,

o, 3 FYE e E 7 AU s B 83 7
9} Table 59 A¥E Hlwst] 21 A H718kKlH Fig. 4
+ ZF BMP Ajue]eo] AgAmel 571 Alute] o] 23He uj
NHSE BF 2838 All ScenarioE 283510 4 A&
gelgt Aotk 12jaL o] g 7HA1L S99 SAR
(Fig 1¢] Outlet/CD) WAo=3t AAaE&} (bar), AHEE
o o & Aagre] M= Yehligich Sediment, TN, TP
% O Ayg|Qof vlsle] Streambank Stabilization®] A7
FIpL AA e, 2oieh 2aghe] Melw 7 A vet
U 7P A A RIS B 5 e AU e YT
Porous Gully Plugs, Recharge Structure, Terrace, Contour
Farming, 18]3 All Scenario®] 7%+ HAaTO ZAgho]
=2 UEt BMP AlU2| e Ago] 23| HIHedY=dS
7171 BHER, Table 59 ZAdolla] =gt A} 3o
Streambank Stabilizationo|t} F¥=ZoA v HEL 5
77} Ve A] 9= Terrace Contour FarmingS A-83= A
o] AHg Zow AtmEh

4 =Y ALaNE AHEY Sediment”’} Streambank

[

Table 5 The 6 years average NPS reduction effect (%) by each scenario based on the applied subwatersheds

BMP scenario Sediment ™ ™ The stream lengtkz l;;roaf]iiae (;i tlzll\;[P implementation Ap;;{[ircsgﬁlg ?g:j or
Streambank Stabilization 54.5 42.8 7.3 104.0 km (20.0) over 3
Porous Gully Plugs 48.6 46.5 14.8 740.8 kms#* (85.0) lor?2
Recharge Structure 42.5 46.3 15.2 682.7 k= (78.3) lor2
Terrace 48.0 48.9 9.3 53.7 km’ (0.8) upland crop
Contour Farming 46.7 48.2 9.3 53.7 knt” (0.8) upland crop

* Length of the main channel considered
** Length of the tributary channel considered
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Stabilization®lA] 59.8 %, TP7} TerraceolAl 40.3 %, TN7} V. gerdl A=

Contour Farming®l|A 12.1 %2 ZIZF 74 & AZdans =29

t}. Porous Gully Plugs®} Recharge Structureol|A4] Sediment 2 AFE S5 498 gAteR SWAT ZgS o]85to]
o] Agaazt AA yehd olf== CH_N(1), CH_K(1)¢] SI 177l afeog LHslo] & 571R] 22 e]7|He] &g u}

W AdH oz A A=A 283 7} uf74e] gho]
HolotollA] 2HA WgBITy. I3 B2 Streambank Stabilization
B} Sediment®] AfEEo] @ASHA 22 Z o2 YehT.
ESF Terrace®} Contour Faming®lA= Sedimentef thgt @
BE=A7) 7P P-factorS 248Kt} RIRF CN27F wizk
SHA] ¢k o0& YERaL AU HE8A] AAHAL] 0.8 %
off sigsl= AAA|lRE 2-8510f Sediment] AFAIZ} ZA|
Uehd Zos ek}, 12| 2Rk 57 AU s A8
o] Table 29] selection criteria®l webA 2838197 wjiof,
Sediment®] AR FrS F= Streambank Stabilization
= A3t 474 AU 2= ARY 7l EE ARt 9l
o, FobdE wet 2F 7Y Sl =EehHA 2 Aday)
+ 3 Aaskgon, TP, TN 5709 Aluz|QofA] oj= F
O] ARAIE FASk: Ao UERT.
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Fig. 4 The 6 years (1998~2003) watershed outlet (bars)
and range (minimum and maximum represented by
the line through the bars) of % reduction in (a)
Sediment, (b) TP, and (c) TN for six BMP scenarios
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=}

E e AYUEAY AAEES vlaAskgt 483 BMP
AlYg] 2% Streambank Stabilization, Porous Gully Plugs,
Recharge Structure, Terrace, Contour Farming, 18]l ©
E AU LE % A8 All Scenario®|t}. wj7j¥4 Wzt=
A A, ARaes B vz P-factor7t BE 4
of 7H Rzt Ao® UEpaL, th3o® sk 1, 619
Manning Z2=Al4 123 FEpAle B w7 o0& Ue
Wtk 67K Alue| 2] A84us 409 AAET © 59
e, FYETE Vel E AYsisi.

Aans AmEE AAHA OS2 Streambank Stabilization,
Terrace, Contour Farming®] &3} ¢l Ao g el A&
2FY 7508 AIE AuEH FoPdo] A83t Streambank
Stabilization®] BI7F HAH OS2 =9k31, Porous Gully Plugs
7} Sediment, Terrace?} TP, Terrace?} Contour farming©]
TNS AgA7I=t aado|gle), 249 AA%BH 2 /9 &
T= 7|&o2 Wrlst A3l Streambank Stabilization, Terrace
712]aL Contour Farming®] 24442 218 4= qlglod, 3
o golo] Az &8 7|20& Wi, Streambank Stabilization
0] 59.8 % SSE, Terrace”} 40.3 % TPE, Contour Farming
o] 12.1 % TN A#AZ 4= SISich

SWATL GIS (Geographic information system)S 7|¥Fo.&
o w2 B ey WEe] W HRYE AET &
L, FoFA|Hol| BMPE 2-83te] Hofgh A} vl e
Aaa) opoket FejE Uersith 2 dtellA BMP Aol of
ok AAY S 2shA] HA] (ot BMP Ao WY

A,

2L 30

= faulg D SAulgel thak mAo] ololx|x] gherh
o AR s BMPE BXjgte ARt HE A

olch. mhebd, B golo] HIAOAY AR Slste] ) A
o W 2o BVP Alkele, o w2 wppEsg Atk
& olct. 3k BUP Autele A8A) thaAel AA B4
NE7RsAE Telste] Alaeh Aol Bad Aow A

o] =EL 2009dE AR (@EFEIER)0] Ao o
SATAIe] A Qe ot 43 722741998 (No. 2009
-0080745).
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