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Design of Optimum Volume of Sediment Settling Pond at
Highland Agricultural Watershed Using WEPP Model
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ABSTRACT

The optimum volume of sediment settling pond is determined by the maximum rainfall and surface peak rate runoff from crop
field. Based on analysis of measured rainfall and runoff data, it was found that rainfall intensity of 2 mm/min would result in peak
rate runoff from the agricultural field of study area. Optimum pond volume under various slope scenarios were determined using the
WEPP model calibrated with measured flow and sediment data for the study watershed. For the agricultural field with the slope of
7 % and area of 2,600 m’ at the study area, at least 6.4 m’ of sediment settling pond is needed as shown in this study. The
results presented in this study could be used as a guide in designing appropriate volume of sediment settling pond at highland
agricultural areas because both very detailed field measurement and calibrated WEPP model results are used in the analysis.
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(a) Study area

(b) Drainage Ditch
Fig. 1 Study area and sediment settling pond (Hyun et al.,

2008)
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Fig. 2 Sediment settling pond (Hyun et al., 2008)
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o] AR 27] At (Fig. 1~2). wo] AAlEE 5
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t} (Hyun et al., 2008).
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Table 1 Surface area requirement of sediment settling pond
(Pemberton et al,, 1971)

Particle size (mm)

Settling velocity (m/sec) | Required surface area (m?)

0.5 (coarse sand) 0.058 20.7
0.2 (medium sand) 0.020 58.7
0.1 (find sand) 0.0070 171.0
0.05 (coarse silt) 0.0019 635.0
0.02 (medium silt) 0.00029 4,101.0
0.01 (fine silt) 0.000078 16,404.0
0.005 (clay) 0.000018 65,617.0
o’ >
—
Q/WD=V
D
Settling area
a
|: #l
f L |

Fig. 3 Idealized sediment settling pond (Goldman et al,, 1986)
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Table 2 Daily soil loss by rainfall event (Hyun et al., 2008)

Rainfall SeFtled Susp.ended Tgtal
Date (om) Sediment Sediment Sediment
(ton) (ton) (ton)

2007.7.19 40.5 0.078 0.020 0.098
2007.8.1-8.2 65 1.430 0.519 1.949
2007.8.4-8.5 93 1.820 0.625 2.445
2007.8.8 67 1.456 0.592 2.048
2007.8.9 137 7.956 3.726 11.682
2007.8.10 38 0.962 0.251 1.213
2007.8.19 34.5 0.364 0.117 0.481
2007.8.27 52 0.832 0.333 1.165
2007.9.6 27 0.130 0.039 0.169
2007.9.14-9.15 92 3.198 0.803 4.001
2007.9.18 52 1.274 0.435 1.709

etc. 512.5 2.574 1.560 4.134

total 1220 22.074 9.019 31.093

Sediment Settiing Pond \ Slope : 5~6%
Capacity 11.3m*2set=22.6m3

Table 3 Daily SS variation and SS removal efficiency (Hyun

et al., 2008)
Date Rainfall | Inflow SS Outflow SS | SS Removal Rates
(mm) (mg/L) (mg/L) (%)

2007.7.19 40.5 1973 579 70.7 %
2007.8.1-8.2 65.0 2585 1216 53.0 %
2007.8.4-8.5 93.0 3536 1432 59.5 %
2007.8.8 67.0 4081 1637 59.9 %
2007.8.9 137.0 5262 2488 52.7 %
2007.8.10 38.0 4010 2058 48.7 %
2007.8.19 34.5 2606 865 66.8 %
2007.8.27 52.0 2406 836 65.2 %
2007.9.6 27.0 1193 401 66.4 %
2007.9.14-9.15|  92.0 2680 1165 56.5 %
2007.9.18 52.0 2839 1060 62.7 %

Average 3016 1249 60.2 %

AAoR SSO AYFEE oF 49~71 %] HLYT} (Table
3). 2007¥= 1¥ HFoZE= oF 60 %2 SS9 AYasS
otk (Hyun et al., 2008).
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Fig. 4 WEPP Input Interface
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Fig. 5 Measured rainfall and runoff at study area (Hyun
et al., 2008)

Journal of the Korean Society of Agricultural Engineers, 52(5), 2010. 9

2

Hag ow AMET (Table 4). ol2iz AA] Ha
g A9 A4 ERAT 43 Zo] Bol o 1

gEof A4 HAR] EF2= AnrkEofof gtk

o
HN
o

& A BEA A 70| &Y A

1ol E3HE EAF QA FA7)d ash AR
4 FRAL Ao BAGEY ok BAYA] FAHEE Vs
2 AkE]H, ool ©A Table 52 #o] 274 FHA (WL)O]
AL AT Q75 AARx|o] FHAL vt AR HHA
oo AdAEooF oty A #H

[e)
e WEB9A %

|_|-. XIAI—X' pS|
o

i, ox

Jo

S|

o

j&

T 2ol e FFE] Aol AfHeR e nAe <
Ao)7] whZolet. Al HARIS] mHAo] A FHAE 4

9 9ol BAle] E2 Ego] WolA) Hek, Al 2
1% EAPH WAESE 3 gol} s stwh

o14] g7} Elofof & Aolck. o7 15 miz

1% oJulstaz yiof w29 Zol7t 0.5 mekd m}xu

Joli= 2 m ol4fo] a7}

E

KN hN t*

L

2. AN 83O MY U5

=

0.

—

Table 594 AFASH AR 42k A4 Aol 751w, 1
WA 3000 m2ols HARR Q] AR THA 3.0 me} A Z

hya

F,

Table 4 Required volume of sediment settling pond for
various field sizes (Hyun et al., 2008)

Field area (m?) | Maximum surface runoff (m’/hr) | Required pond volume (m’)
5,000 360 6.0
4,000 288 4.8
3,000 216 3.6
2,500 180 3.0
2,000 144 2.4
1,500 108 1.8
1,000 72 1.2

Table 5 Required optimum surface area for various field
sizes (Hyun et al., 2008)

Field area (m?) | Settling velocity (m/sec) Optimum surface area (m?)
5,000 0.020 5.0
4,000 0.020 4.0
3,000 0.020 3.0
2,500 0.020 2.5
2,000 0.020 2.0
1,500 0.020 1.5
1,000 0.020 1.0
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Choi & (2009)2 & dFA YL o83t oS FAdS 3
7FstGitt. WEPP Hd9] & EAlf} A% EARERS Hlwgt
A At fraAes 242 0.959F 091 (Fig. 6)& 4
33 A U (Wf$ =& (very good), Donigan and Love,
2003) WEPP =S olgste] 5744 follxe] EgFRAlwk
< A%k Hrkek 4= Q= Aow YEhith

4 BNEY BN HEEY 4

7t WEPPZEHE 0|86t ZAITY EURAZ MY

XA Y] A B AL AT} AEE EARAIRFO]
Wolx]7] wjRo] FAER—RE Zjo|E Folof sttt 2 AofA
A A S5 AP3E 918l E21%7]9E gel WEPP
olgslo ZAAE™ (2 %, 3 %, 5.5 %, 8 %, 10 %, 13 %,
15 %, 18 %, 20 %, 23 %, 25 %, 28 %, 30 %) EFgAle
S ARl v A et 5.5 %9l AFtiAR o] A
A gegoll gt Apmet U EARF A Am & o188 A

tlo |-

R? = 0.9498
El =0.9061

Measured data

12

Simulated data
Fig. 6 R? and Nash-Sutcliffe of sediment estimation (Choi
et al,, 2009).
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5y 7t WEPP B9 oSS olg3liet (Choi et
al, 2000). AAbEe] WE 3AT Aeelo] oS S A
F AT B 55 %9 ARE 100 %2 & F A 2
A4 AN B USRS + %R SIS (Table 6). 3 2
REEZ} 10 968 A0l 160 %) AV WAL Kb}
15 %2 A9ol= 227 %9] EAp} SAEw AAEs} 20 %
A 9ol 287 %) EAVE AR 5 A 4TSS
E4}] o wAgRge] Sttt

Lt BAIEE HY HAKK] 83 4AHY

WEPP X3 o]8sto] AMH At EGRATES o8
sto] A AR 87F A 7S Table 7~ 1290 AAISHITE
AR o g2 W qfio] wE A do S35 Akt
o Ax} grolar, MARA] AA 852 A9 A4 wHA T}
Aol (& Zo] 1.5 mE &gt Axt glofot. dukaow X
AR 1719] A4 HAe 3,000 m*E 28] @ Ao vt
HAslc} 4= WA o] Yo ARX] WA o] AAA ) de]
AE ek, ESk AT HA] 59 927t AR|7] uhigolth
(Committee of the Han River Management, 2005). ¢17]A]
£ 5,000 m*9] A7 HAR9] 8 AFFSIEIAN, 3,000
m’o] @i W] Woll= YARXE 27] o4} A4z YHA A
Aek= Zlo] vigAsitt HAKE 15 % olAel A5 HAE

Table 6 Criteria for evaluating model performance (Donigan
and Love, 2003)

Poor Fair Good Very Good
Daily flows <0.60 0.60~0.70 | 0.70~0.80 >0.80

Monthly flows <0.65 0.65~0.75 | 0.75~0.85 >0.85

Table 7 Required pond volume under various scenarios

Slope (%) Total sediment yield (kg) Required volume each slope (%)
2 18372.2 68 %
3 19867.1 73 %

5.5 27064.2 100 %
8 36002.3 133 %
10 43412.6 160 %
13 54466.9 201 %
15 61340.2 227 %
18 65564.6 242 %
20 77657.6 287 %
23 86803.8 321 %
25 92664.2 342 %
28 101025.0 373 %
30 106329.5 393 %

FasEote =2y A529 A5%, 2010
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Table 8 Optimum and required pond volume (slope 0~3 %)

Table 12 Optimum and required pond volume (slope 10~

Area Optimum surface | Required pond Optimum pond 13 %)

() area (mf) volume (m’) volume (m’) Area Optimum surface | Required pond Optimum pond
4000~ 5000 36 43 5.4 () area (i) volume (m’) volume (m’)
3000~ 4000 2.9 35 4.3 4000~5000 111 - -
2500~ 3000 2.2 2.6 3.2 3000~4000 8.9 10.7 -
2000~ 2500 1.8 2.9 27 2500~ 3000 6.7 8.0 10.0
1500~ 2000 1.4 17 2.9 2000~ 2500 5.6 6.7 8.3
1000~ 1500 11 13 16 1500~ 2000 4.4 5.3 6.7

0~ 1000 0.7 0.9 11 1000~ 1500 3.3 4.0 5.0
0~1000 2.2 2.7 3.3

Table 9 Optimum and required pond volume (slope 8~5.5 %)

Area Optimum surface | Required pond | Optimum pond Table 13 Optimum and required pond volume (slope 13~
(m’) area () volume (") volume (") 15 %)
4000~ 5000 5.0 6.0 75 Area Optimum surface | Required pond Optimum pond
3000~ 4000 10 48 6.0 (m’) area (m’) volume (m) volume (m’)
2500~ 3000 30 36 45 4000~ 5000 - - §
2000~ 2500 25 30 38 3000~4000 10.1 121 -
1500~ 2000 20 o4 0 2500~ 3000 76 9.1 113
1000~ 1500 15 18 2.3 2000~ 2500 6.3 7.6 9.5
0~ 1000 0 T 5 1500~ 2000 5.0 6.0 76
1000v1500 3.8 4.5 0.7
0~1000 2.5 3.0 3.8

Table 10 Optimum and required pond volume (slope 5.5~

8 %)

Area Optimum surface Required pond Optimum pond

(m?) area (m?) volume () volume ()
4000~ 5000 7.1 8.5 10.7
3000~ 4000 5.7 6.8 8.5
2500~ 3000 4.3 5.1 6.4
2000~ 2500 3.6 4.3 5.3
1500~ 2000 2.8 3.4 4.3
1000~ 1500 2.1 2.6 3.2
0~1000 1.4 1.7 2.1

Table 11 Optimum and required pond volume (slope 8~10

%)

Area Optimum surface Required pond Optimum pond

(md) area (m?) volume () volume ()
4000~ 5000 8.7 104 -
3000~ 4000 7.0 8.4 10.4
2500~ 3000 5.2 6.3 7.8
2000~ 2500 4.4 5.2 6.5
1500~ 2000 35 4.2 5.2
1000~ 1500 2.6 3.1 3.9

0~ 1000 1.7 2.1 2.6
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