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Simulations of Reduction Effects on Runoff and Sediment for VFS Applications by Considering
Uplands Characteristics in lksan
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Abstract

The goal of this study was to evaluate sediment reduction effects of VFS (vegetative filter strip) applied for Iksan area in Saemangeum watershed. This
study simulated runoff and sediment load from different types of uplands using VFSMOD-W. The general upland characteristics of the study area was
investigated to build reasonable scenarios of the simulation. The simulation scenarios were designed by various areas, shapes, and slopes of uplands. Grass
mixture was selected as VFS vegetation and the size of VFS was fixed as 10 % of uplands area. Additionally 50mm, 100mm, 150mm of daily rainfall were
applied for the runoff and sediment simulation. As results, the calculated runoff and sediment loads were obtained 20.7~1,030.6 m’ and 568.4~
675,731.4 kg for the range of 0.1~1.0 ha of uplands with 7 % and 15 % slopes. The reduction effects on runoff and sediment were obtained 5~10 % and
21.0~47.7 % respectively from VFES applications. The VFSMOD-W simulations showed that runoff tended to increase as upland area and amount of
rainfall increased while sediment increased when slope, length and area of uplands and amount of rainfall increased. These results indicated that rainfall
amount and upland size are the critical factors for the generation of runoff and sediment load. In order to support this conclusion, further studies such as,
long term monitoring, field experiments, and to calibrate and evaluate the model are necessary.

Keywords: VFS, Runoff and sediment, Reduction effect, VFSMOD-W, Uplands

. M2

A0 ng oA gk §E7wet 1 54 o
ofo] ufj-g- o F L, Al EFAS WA E T
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A7l %] a1 Q1o (Park et al., 2008; Park etal., 2014) ZAYcf| =+
W 485 913t Bt g A7 KeE D vk Qlek 24
O 9] AAb B A-GAf ol hEE A== A oL
= 2Joll A 7 A 7S v R A of] L= A
817]olli= F-23ts17| wiEel] AXA-8-S SlaliAl= -2 A%
of| Sh= A7 ko] RE=A] F g st

72]0] 322 Q1 AT ATARE AT %LF12 %, 2
0] 18.3 m F3 Ao AN E A-85to] FAAT AvE ¢
- 3 Robinson et al. (1996)3} ZX] 9} THE-&- 0] 83} ZAYT]|
T A AE A+ g Marc et al. (2009) 2] ¢+
7} )t} E3E Mersie et al. (2003)-2 VFS &) ¢ H| 1 9.¢ A
2 Aol thgt AF-E A, 2ol AR 24T =
Zd 2 7ha ) 2jo| S Al A 51921, Patzold et al. (2007)&
ZANE B3 A 2A S A AakE £495}8]ch Dillaha et
al. (2010)9] -0l &= 2 E Sl AL T2, FH 40 A]
A auE Atste] 22 L. RIRtol tsl =2 A3 Axt
A2} 9t 9] Alg| 2=, Chung and Chung (2002)
B, R 5 220} 71 S A7 AR el A
A|AleHE Q)0 ™, Lee et al. (2005)+= HAF17 %, EAJ0]

jus)
-

Qitt. TS Choi and Jang (2012)-2 Tkt thdAY
2A) 258 48019 St w7l At
& shotalan shglom, ATlE vIHo A i
HeE|SHANA 7HE FEg 202 AASHch E
%]

i

2 499 Ao} AR R 1ekAS o] gote] 55 1 )
Mozt wol] s Aatol e FHHl AnS
=sjgick

il Aol ] §ARAZHLINE $18) 712 VESMOD-
W RHS olgat 24y EI1E mefg Al Tl
Majed (2001)2 VFSMODE- o|-8-35}of Al 40| 1~15 m,
2] AAF2~12 Y%, 2R EAl-S ALQFE (Sandy loam), 9F
& (Loam), % (Clay) 2 Tjfs}7] A8-ah s 240 =
= A4 (Manning roughness of coefficient)+ 0.04~0.4H$]
ol GEAE me, i, A= Aste] 2T A
& 2aE opeFelAl oJgt vt Qlck Munoz-Carpena and
Parsons (2004)- VFSMOD-W £ o]-&3}o] E5 tha el
9] TMDL (Total Maximum Daily Load) 7] 5& 75 % & W
7] 91t 2] Ao Bagt 7| 2A =S FaLA} st o,
Ahmed et al. (2011)2 AGNPS (Agricultural Non-Point
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Source) =& o] A B EZ YAE VFSMOD-WE o|-&35}¢]
ZAJcho} 7-9-240) THAS ) 5 114 SHEk Thomas et
al. (2014)< Flume 23S £ VESMOD-W =.0]Z A1 |3}
of, 2] 20| v i Ale|} 25 ARTA] o) 2
o]l w] 2= FEFoll thalf A-+et3Ach ol A= Park et al.
(2008)°f| &Jsfi 2|z== VFSMOD-W K& o] 8-} glom,
SWAT =3 Wjof] el 248l 50] 2o 3HAIE 745t
A 2A 2, 710l T2 8, AR A Ao
H|2]= WAE VFSMOD-WE 53l FHg & 1 2as
SWATo] A-83t Alg|o|t}. E3L Jae et al. (2012)= {17]4t
VESMODE 7firete] 2iclel 3le] 1884 $57
A aE HOEA el glom, Seo et al. (2013) 9] -9~
= VFSMOD-W o] g:3jo] Selujel w2 E42 wefal
AT GAPAZETRE W] Bt ulvk gl

e FAZRA] ol 3 AT A2 = -
eh e H e Qe E IRt 2T 71H A8A et
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Hheja 5= Qi 19] 40| B agh Aolch ujehy 2 A
VFSMOD-W .82 o] §:3jo] 24t} @34l go] s
= ojabilo] WAAE o m Bgela S et v
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1. VFSMOD-W Z&9| 7i

A anE ®of 7A4517] 98 A74%E VFSMOD-W
(Vegetative Filter Strip MODel ~W) X282 ZAt)o]| 2]t
EANRE AR BE 2ot fal) A o)tk Al
3221 Source Areao]| 4] A 55 U F-APF 2AT (VES)
= Alg o WSk A aE 2o, o= UH
253 VFSMODEEZ 1A% o] 9tk UHEES NRCS
O} USLES HIge & A9 53t fAF S48 Bojs)
™, VEFSMOD ®&0f| A 2 & 53t 9] & 3+
2, ARS 1ol Hr)k. VESMOD-W i o] 24 oFba1
252 Green-Ampt A 82 o] §80] 13T} 2795
(rainfall excess)= AFJ 1A =H, NRCS (National Resources
Conservation Service) CN HHo]| oJaj A A|H Lo S

S AR B AR H-E E FR-4-5-4] (Universal Soil
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Rainfall S|ope

Width l T—L

% |nfiltration

Source area
Outflow
Length
UH Source area
Runoff NRCS(CN), USLE Sediment
concentration
VFSMOD VFS

kinematic Overland flow <m====)  Sediment Filtration

Infilteration I Rainfall excess l

Green-Ampt Infiltration Outflow & sediment

Fig. 1 Schematic diagram and algorithm of VFSMOD-W(Seo and

Choi 2013)
UH
Rainfall & Runoff Source area Erosion parameters
Rainfall Length Soil type
Curve Number Area Percent organic matter
Strom duration Slope Particle class diameter

Soil erodibility

4

Soil properties VFS

Buffer properties

Sat. hydraulic conductivity

Aver. suction at wet point EnacToRofifiergieda

Filter media height
Filter media Mannings n

VFS width
VFS length

Initial soil water content
Sat. soil water content

Trapping efficiency

Fig. 2 Types of input data of VFSMOD-W

Loss Equation, USLE)2- ©]-8-5}, Kinematic Overland Flow
HeE o]gsto] RSO 2 5 BoRith 1
2] 31 Sediment Filtrations Model (GRASSF and SEDIMOT
I)Z o]-gsto] 2t o] fAF o5 B A5 7-6HA]
t} (Seo and Choi, 2013). Fig. 1-> VFSMOD-W 20| 4] 9]
A 2o BAEe mEe] §5-A mojTh S
wojFE e et UHRES] Jeixtas 799}
$% QA WHAS) S, B AR TRE] glev]

VESMOD B A= EEA, A4 7 3 AQIRHE
2 74 5]0] Qi) Fig. 2= VFSMOD-WE& 2] 9 9l2 2}
22 ek gk

2. Higx| M & gExtz 75

2 AFE A WA= AT s
715 7 A o] ol 23, 5
a1, EXAS}E A oA WAShE sARIH L
29 HAe] @ B 2 ¥]5-S 23k Qi (Jang et
al., 2012) QJAkx| & 0 2 A5t olAke] H212-506.61 km’
o, EX] 0]-8-2 =40.59 %, YoF22.74 %, 2 11.05 %, &=
= 28.66 %, A 5.13 %, Z-8X] 1.43 %, 7€} 13.56 %=
FATEIo] STk Fig. 3 AfRkE--o] U] olake] 91212 e}
Wt

VFSMOD-W & 9] &A= 5 7-5517] 18] WA it
Ao kA Q) AR 5448 AFSHITE A 5, R/
O] AUl B4, w5 Soll theh 2ARE AAlsHl e,
AEA 0] A AHm et FENEAH O FHEFH A
oA Al goh= AArE EHE AR AASFT LA
WAZ] FH=1 ha 0]51] %7171 92.58 %= thHEE-2 =}4]
3l o, 0] 220.1 ~0.2 ha X2 YA X7} hAFA] A A 7
212 2129.82 %= 713 BkTh E3H0.1 ha H|RHe] F2HA| =
28.69 %, 0.3 ~0.5 ha HY] Yol &£3H= AR =14.37 %=
AA|to] o]kxjelo] W) ool At A Hel
Crebieh. W] HARE 7~ 15 % Wi7h7F e 87 %e)
M2 ARSI, 27 % WEI7F 12.9 %E Axjsleick
TR O] B2 OFE (loam) 7184 % o]l om, 71 = A%k
E (clay loam), A[9FE (sand loam) =0 & -2 H|-8-3 *}X]
st Q9lek S AEFHRA LN ek epixle)
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Fig. 3 Location of study area
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Table 1, Characteristics of lksan upland fields
S ha 0.1 0.1~0.2 0.2~0,5 0.5~1.0 1.0~5.0 5.0~10.0 10
ize
% 28.69 20,82 2344 10,63 6.5 0.5 0.42
% 0~2 2~7 7~15 15~30 30~60 60~100
Slope
ha 48 1,999 13,434 0 0 0
Loamy . ) )
Soi type coarse Loamy fine| Loamy |Fine sandy| Sandy Loam Silt loam Silt clay clay loam
sand snad loam loam loam
texture sand
ha 0 0 21 16 839 12,949 172 431 1,052
type High well Well Little well Little poor Poor High Poor
Drainage
ha 106 15,178 197 0 0 0
Table 2, Rainfall characteristics of lksan (2000~2013)
. ) Accumulated L -
9 L L
Rainfall (mm) Frequency Ratio (%) ratio (%) .
below 10 493 54.4 54.4 W w
10~20 176 19.4 73.8 W
111 b)1: 1
20~30 93 10.3 841 (@) (b)1:3 (3
30~40 39 43 884 Fig. 4 Design of upland shapes
40~50 29 3.2 91.6
50~60 22 2.4 94.0 2 A= 919 23S EHE VFSMOD-WE3o] g
60~70 21 23 96.4 23 AR} v A S A ] IRt B Alute] 2
70~80 7 08 97.1 £ T5HTE WA Ol A A] g o abA] o W
80~90 5 0.6 97.7 A EAJS- 118]6}10] 0.1 ha, 0.5 ha, 1.0 ha®] 37}X] WA X] 4+
90~100 7 0.8 98.5 RS sl o, ookt WA A4S adstr] 9|8
100~110 5 0.6 99.0 Fig. 40f] UebH upe} o] wko] 2 (W)3} o] (L) 2] vl
110~120 3 0.3 99.3 1:1(a), 1:3(b), 3:1(c) .2 A8t} E5t o] AAleL BEA
120~130 1 0. 9.4 2 /b 2 ul S Uhebdl 7 %0} 15 %) AL 2 oFE & 7
130~140 0 0.0 9.4 7} HA3H 00, NRCS 58514 EQRI5S ojare] £A
140150 0 0.0 %.4 452 T#s}o] Type BR A1gsloich. o] 79
Above 150 5 06 100.0 © oA W] EAAL AT fEAo) ZRs
Total 906 100.0 2k 112]5}0] 50 mm, 100 mm, 150 mm 2] Q792 o4k
©2 gk
BA] Mg R TiRe] FE som AT PRSI G| 2SS wEstel VESMOD- W]
= =1 =
HFA 7] EAS ARAE] LFERATE 0]Alx] o] ZhoE AL b} R AOA o 71A] AR :HHHSH’; U= 58S 181]
N ~ - = L=l 7} =% ZZE. a2 FLA
olsh7| Q8 7 7HeHl = ulolks) H okt WAMIS 5o, NRCS‘?ﬂH A&k CNTE 5 S48, "J‘l_'éjl'l:y 54
oo AulSh= 21 AA o A vl -5go] B skal o

o Al A ask= 20001 ~2013 4 7]7k0] oA R E &5}
o] A3t A}=Table 29} 2k 94210 mmo|s}e] 71-5-
2Fo] 54.4 % & =0 H| S-S AR5} 91glem, 50 mmo|s}
9] 7195501 91.6 %= th 2] 7797} o] W {lof| &3t
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Hhedsto] 2] & A7 skara} 6191 21 VFSMOD-W .3 of]
Al AlFSRAL QIA] 92 200 A o|&} 71 Tk B
e Grass mixtureS A5k ot A = vk
BA A 0] 10 % 2 314sto] 3k ol 5 Ao, 7
FEFY>NRCS tfj 3 793221 Storm type 11 = 2]-8-5}¢]
I oJsieiet

UHREol| A B 2 A1dS U= AR EYRA
Q17} (K) ZH-& Wischmeier et al. (1971)0]]4] AJAIEE 4] (1)
ARg-5FSATE

K=0.1317[7F(12.0 — OM) + SF+ PF] )

o] 7| A, K= Bk 41012} (kg h/N'm’), TF (Texture factor)
= EA R4, OM (Organic matter, %)= -3-7]& W&, SF
(Structure factor)-2 EF 13X %], PF (Permeability factor)
£ B4 ER olib ] OME S BA| AT
ol 24V A Hlgo 2 2 % Telelelar, 1 9] el

Table 3. VFSMOD-W Parameters

Parameter Value
Curve number 87.3
Slope 7 %, 15 %
Soil type Loam
Area 0.1 ha, 0.5 ha, 1 ha

Shape ratio(width:length) 11, 1:3, 3:1
Grass mixture

50 mm, 100 mm, 150 mm

Vegetative filter type

Rainfall

Table 4. Input data for VFSMOD-W

e B0 SRR B4 Hhdste] o) mirdeA Al
Algh gro s A% AAFSIITE C factor:= Lee et al.
(2010)9] ¢14-E- #a15)o] Farmland-FieldE #-835}10 1.0©
2 Aestg] o, P factor®] 7-¢-ofl = Park (1999)°] A A5k
EX|0]- 89 P factorE 112]5}o] HALT %ol 41=0.6, 15 %0
A1 0.8 2 285131t} B 2T A== Y] 7 9-ofl=Rawls
etal. (1983)9] A A3t Green-Ampt ZFE R o I Q3 H=
ZkRIKs, Sav, OS, OIF 4% =Y ufo] gk A=skaict
ZA] YA} # = Haan et al. (1994)0] AA| 3t Gk = Grass
mixtureo]] S Fsh= FES A 53Tk Table 3-2 & Lo A
AT 78 A HPE e, Table 4= EFRAIIAL
EoFEA 9 ARl dhat Q12izhe 717} Lpekii). Table
S 3 QlrollA] Tel choret T, WA WK o
3 o} ofo] vt 2AI) 2 27 epdick

e

oL

ol
—_
£ |

M. Zot & 0F

1. 24 7 Msn 29 24

VFSMOD-WE o|-g5}o] W AT %2} 15 %ol g2
23} 7o) v]&o] 1:1, 1:3,3:1210.1 ha, 0.5 ha, 1.0 ha Y152
E Ao &2 U797 50 mm, 100 mm, 150 mmE- %-8-5}]
FER)E 4G AI= Table 63} Table 7] LeR v}
2t} 2792850 mme} 100 mm, 150 mm <! 1) 20.7~207.5
m’ 9} 60.0~600.4 m’ 2 102.8~1,030.6 m’ 9] -5-ZFS 7+
ZFUERf 9l o, REHALT %L} 15 %2] Aakghol| Zhol 7t ¢l
o] & 7 A} B Source areao| A Ut 9o &0l T
Aot 7ol w2 &) Aol= WAl 9l HARE

Symbol Description Values Units
CFACT C factor 1.0 -
Erosion 0.6 (slope 7 %) -
parameters PFACT P factor 0.8 (slope 15 %) B
K Soil Erodibility 0.06 kg-h/N-m’?
VKS (Ks) Saturated hydraulic conductivity 0.00000367 m/s
Soil Sav Suction at the wetting front 0.0889 m
properties O8] Saturated soil water content 0.463 m/m
Ol Initial soil water content 0.19 m/m
SS Grass spacing 215 cm
Vegetative H Maximum Media height 18 cm
properties VN Filter media Manning's n 0.012 s/cm
VN2 Manning's n for bare surface 0.011 s/cm
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Table 5. Detail information of Source area and VFS

Field shape (width: length) 0.1 ha 0.5 ha 1 ha
Total W (m) 31.62 70.7 100
Total L (m) 31.62 70.7 100
. Source area W (m) 31.62 70.71 100
Source area L (m) 28.46 63.64 90
VFS W (m) 31.62 70.7 100
VFS L (m) 3.16 7.07 10
Total W 18.26 40.82 57,74
Total L 54,77 122.47 173.21
3 Source area W 18.26 40,82 57.74
Source area L 4929 110,22 155,89
VFS W 18.26 40.82 57.74
VFS L 5.48 12.25 17.32
Total W 54,77 122.47 173.21
Total L 18.26 40.82 57.74
. Source area W 54.77 122,47 173.21
3 Source area L 16.43 36.74 51.97
VFS W 54,77 122.47 173.21
VFS L 1.83 4.08 577

Table 6, Calculated runoff for 7 % slope (Unit: m°)

Source area

Rfr:an;a)” (\;'z:‘:: SIZ:gteh) 0.1 ha 0.5 ha 1 ha

input output input output input output

11 20.7 18.8 103.7 943 207.5 188.7

50 1:3 20.7 18.8 103.7 94.4 207.4 189.2
31 20.7 18.7 103.7 94.0 207.4 188.3

11 60.0 57.0 300.3 285.0 600.4 569.3

100 1:3 60.0 57.0 300.1 2843 600.3 567.4
31 60.0 56.9 300.0 285.0 600.2 570.2

11 102.9 99.5 514.6 4975 1,029.5 9947

150 1:3 102.9 99.5 514.3 496.8 1,030.6 9932
3:1 103.0 99.5 5147 497.6 1,029.6 995.8

Table 7. Calculated runoff for 15 % slope (Unit: m°)

Rainall Fiold Sh Source area

il el o1 s 05 e
input output input output input output
11 20.7 18,7 103.7 94.1 207.5 188.6
50 1:3 20.7 18.8 103.7 94.3 207.4 188.8
31 20.7 18.5 103.7 93.7 207.3 188.0
11 60.0 56.9 300.3 284.8 600.2 569.3
100 1:3 60.1 57.0 300.3 284.9 600.3 569.2
31 60.1 56.7 300.2 2847 600.1 569.5
11 102.9 99.5 5147 4979 1,029.6 9954
150 1:3 102.8 99.4 5147 4977 1,028.9 9942
3:1 103.0 99.3 5144 497.4 1,029.4 995.3
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20 20
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L
@ 104 10 4
c
2
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0 0
0.1 0.5 1 0.1 0.5 1
Upland area(ha) Upland area(ha)
(b) 1:3
20 20
g
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9
2
® 10 10 4
c
L
B
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[
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0.1 0.5 1 01 0.5 1
Upland area(ha) Upland area(ha)
(c) 31

Fig. 5 Runoff reduction efficiency
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Fig. 5ol LR 240T) 2ol th2 R AGATH Q49 RS WOk BAa HAlolE 3 R W o

o] S0 mmel 1 A G0l 10%2 7K 2 LPehAom, A0 Atk ol WA 710 ha plgte) A
oz}

100 mmo} 150 mm 79015 % o] 32 Az 2. A S 2AIRe] Ofs) AR SEo] WA
B ool e §EAEI L AL Bl 7 AL wislols 2
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$Emo] Anks B ol elo) iR WA e
1.0 ha W]FEO 24 91 50 mmo|5te] 7-9-ako] o]
2 24T 284 10% 50| § 27 A0S 7| et 4 9)
o, ool w2 5 YuIH L GA BI S 2 A0 A}
=23k

2. Y FA Mg 2ol 24

A A2 ARt woje) F gt WHol| o) 43yt
FAPAZ A} o)A = Table 83} Table 90| LERH STt
A7+22F 50 mm, 100 mm, 150 mm ¥ @ Source areao]| 4] 2
AJSHe QAREES W AR} T %0l A0 568.4~23,376.7 ke,
2,353.6~84,638.8 kg, 4,301.6 ~154,843.9 kg 0] .o, vt
ZAAF15 %291 749-1,732.3~99,658.6 kg, 7,445.8 ~369,663.4
kg, 13,622.4~675,731.4 kg 2 A =] Qi ch A73-2-5F 50 mm
of| 13 100 mm&} 150 mm= 5713F 739 4~7uf A= 9f -

Table 8 Calculated sediment loads for 7 % slope (Unit: kg)

Al

>
i

-
ot

o] Z7Fekl o, AL T %ollA] HAFLS %E 57t
F 3441 Fro] fApEAEFo] S7Feko). S
haol 4] 0.5 ha, 1.0 ha 2 Z7}3F 7-9-of = 10~23 1}
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Rainfall Fiold Sh Source area
ol | e, [_orm — osm i
input output input output input output
11 7.2 451 7,104.3 1,230.6 18,235.8 4,472
50 1:3 1,030.8 104.5 9,206.9 2,286.7 23,376.7 7,634.0
31 568.4 16.1 5,370.5 5725 13,957.9 2,345.0
1:1 3,078.8 1,250.5 26,962.5 15,461.3 67,921.9 42,9175
100 1:3 3,972.5 1,929.9 33,956.4 21,4913 84,638.8 57,9729
311 2,353.6 746.9 21,061.7 10,563.8 53,600.9 30,4472
1:1 5,629.5 3,365.7 49,297.0 35,1477 124,116.7 93,530.4
150 1:3 7,266.4 47552 62,055.4 46,790.4 154,843.9 122,338.5
311 4,301.6 2,249.7 38,547.9 25,600.3 97,973.3 69,445.8
Table 9 Calculated sediment loads for 15 % slope (Unit: kg)
Rainfall Fiold Sh Source area
ol | e [ _orm — osm —
input output input output input output
1:1 2,559.2 921.1 26,509.2 15,446.5 71,6721 47,094.7
50 1:3 3,702.0 1,772.0 37,314.9 24,781.1 99,658.6 71,803.4
31 1,732.3 391.5 18,469.9 8,825.2 50,531.6 28,811.7
1:1 10,549.7 7,651.0 103,546.7 82,984.5 274,012.0 224.275.6
100 1:3 14,704.0 11,369.1 141,175.3 116,497.6 369,663.4 309,775.3
31 7,4458 4,838.1 74,852.0 58,234.9 200,032.6 159,947.9
1:1 19,287.5 15,904.7 189,434.7 167,949.2 501,194.9 4511711
150 1:3 26,9021 23,261.7 257,972.5 233,045.7 675,731.4 617,378.4
31 13,622.4 10,396.8 136,827.9 118,473 1 365,902.8 323,531.6
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