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Sediments and Design Considerations in the Forebay of Stormwater Wetland
Kisoo Park* / Jing Cheng*™ / Youngchul Kim**"
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Abstract : In this paper, field study results about accumulation of sediments and its property in the forebay of
wetland aiming at stormwater from rural area wherein intensive cow feeding lots are operated are provided. In
addition, some design aspects are discussed. Amount of sediment generation in the longitudinal direction of forebay
was found to be affected by hydrological factors such as rainfall depth and intensity. Nutrient contents in the
sediments of this wetland were 10 times higher than those in stormwater wetland in rural area without
animal-feeding lot. Total-Pb and As contents show similar level to values from the soils of surrounding watershed,
but Total-Cu content was higher due to the animal feeding lots. Yearly amount of sediment generation, its depth
and volume were estimated to 13tons, 23cm, and 65m>. Based on these results and recommended guideline by
Korean Ministry of Environment, dredging frequency was found to be about 2.7years. The shape of forebay has to
be carefully designed to deal with a great change in flow rate. According to the results of sediment depth analysis,
instead of the present rectangular, wedge-shape forebay is more desirable in handling scouring caused by high flows.

Keywords : Forebay, Nutrient, Nonpoint Pollution, heavy metals, sediment, stormwater wetland.
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Fig.1 Location of stormwater wetland used for this study and its elements

Table 1. Dimensions of stormwater wetland and watershed land use

(a) Dimensions

(b) Land use

Surface Depth Capacity Percent Area Percent area
area(m®) (m) (m®) capacity (ha) (%)
Forebay 288 1.2 351 8.7 Forest 96.7 41.8
Aeration 660 11 708 17.6
pond Paddy 9.5 14.8
Deep and
shallow 1,892 14 2,592 64.4 Cropland | 12.0 18.8
marsh .
Feeding lot 10.8 16.8
Polishi
oshing 243 15 373 9.3
pond Residential 5.0 7.8
1.3
4 100.
Sum 3,085 (avg) ,027 00.0 Sum 64.0 100.0
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Table 2. Dimensions of sediment monitoring zone

Percent volume

22

32

28

18
100

Volume (m”)

77.2

112.3
98.3

63.2

351.0

Depth (m)

1.2
1.2
1.2
1.2
1.2

Area (m®)

63.4

92.2

80.6

51.8

288.0

z-1

7-2

Z-3

Z-4

Sum

o0
w0

2.2 ZL{H
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Period 1
2011 June 11~2011 July 21
2011 July 22 ~ 2011 September 10
2011 October 21 ~2011 November 17

2011 September 11 ~ 2011 October 20

Period 1
Period 2
Period 3
Period 4

Table 3. Operational periods and time of the sediment sampler and cumulative rainfall depth
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Table 4. Sediment accumulation characteristics

Period 1 Period 2

Z-1 Z-2 Z-3 Z-4 Sum Z-1 zZ-2 Z-3 Z-4 Sum

Zone area(m?) 90.7 | 67.6 | 654 | 64.3 288 90.7 | 67.6 | 654 | 64.3 288

Zone volume(m®) 110 83 80 78 351 110 83 80 78 351

Weight(kg) 764 949 661 433 2,807 | 1,298 | 2,581 | 1,748 | 1,043 | 6,670

Depth(cm) 4.0 6.0 5.0 3.0 4.5 4.0 12.0 8.0 5.0 7.3

Volume(m®) 3.6 4.1 3.3 1.9 13.0 3.6 8.1 5.2 3.2 20.9

Percent volume(%) 3.3 4.9 4.1 2.5 3.7 3.3 9.8 6.5 4.1 5.9
Period 3 Period 4

Z-1 Z-2 Z-3 Z-4 Sum Z-1 zZ-2 Z-3 Z-4 Sum

Zone area(m®) 90.7 67.6 65.4 64.3 288 90.7 67.6 65.4 64.3 288
Zone volume(m®) 110 83 80 78 351 110 83 80 78 351
Weight(kg) 904 2,258 | 2,543 | 2,058 | 7,762 267 142 64 41 515
Depth(cm) 4.0 11.0 10.0 9.0 8.1 2.8 2.1 0.7 0.6 1.7
Volume(m®) 3.6 7.4 6.5 5.8 23.4 2.5 1.4 0.5 0.4 4.8
Percent volume(%) 3.3 9.0 8.2 7.4 6.7 2.3 1.7 0.6 0.5 1.4
321 ZAAPIOl B XEY SINSY B4 A9 542 32 24 A7l me ek,

Fig. 4°ll&= F& A A3dE dd o9l A
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Table 5. Amount of pollutants associated with sediments
Period 3 Period 4
Z-1 Z=2 =3 Z-4 Avg. Z-1 7-2 7=3 Z-4 Avg.
VS(%) 15.8 15.9 11.6 12.0 13.8 18.7 15.8 16.0 16.0 16.6
COD(g/kg) 137 156 93 82 117 251 213 176 209 212
TN(g/kg) 5.46 6.22 2.54 3.55 4.4 6.86 6.08 8.03 9.44 7.6
TP(g/kg) 1.43 1.04 0.76 1.03 1.1 2.09 1.45 1.94 2.28 1.9
Total-Pb(mg/kg) 13.2 26.8 19.2 21.3 20.1 11.2 17.8 ND 12.2 13.7
Total-Cu(mg/kg) 27.7 12.8 14.1 9.0 15.9 7.7 9.0 7.9 6.3 7.7
Total-As(mg/kg) 3.1 3.8 1.4 3.6 3.0 2.1 2.8 0.9 2.7 2.1
Total-Cr(mg/kg) 0.3 0.2 0.3 0.2 0.3 ND 0.2 ND 0.1 0.1
Total-Cd(mg/kg) 1.0 1.9 ND 0.3 0.8 0.4 0.9 0.7 0.8 0.7
Total-Hg(mg/kg) 0.7 3.0 ND 1.2 1.2 1.3 ND 3.0 1.0 1.3
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Table 6. Monitoring rainfall events and TSS removal efficiency in forebay

Rainfall depth Rainfall intensity Flow B (%) Amount of sediments
(mm) (mm/hr) volume(m®) - removed(kg)
2011.08.07 20.0 6.7 1,404 69 142.5
2011.11.04 18.5 3.1 530 87 57.7

*Eff(%).—~TSS removal efficiency only in forebay
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