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A Study on Establising Optimum Scale of Sediment Basin

for Preventing the Outflow of Sediment
- In the Case of Buju Mountain in Mokpo city, Korea -
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* Dept. of Landscape Architecture, Mokpo National University
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ABSTRACT

This study examines the existing theories related to detention basin and embodies the calculation
process of sediment basin. It investigated the scale of sediment basin by actual measurement at Buju
Mountain, Mokpo city which causes the environmental problems like erosion and outflow of sediment
due to the excessive development, finds the problems of existing sediment basin by applying and
analyzing the physical factors which affect the execution of sediment basin using GIS as the method
estabishing the scale of sediment basin embodied in this study and then suggests the optimum scale.

Comparing the surface area of the existing sediment basin and of the required one, all of the surface
areas of the existing sediment basins were smaller than those of the required one. Therefore, it can be
expected that the trap efficient of sediment will be declined. The required minimum depth was fully
satisfied, but it is analyzed that the volume of sediment basin will affect the neighboring environment
because it can not accomodate the inflow discharge volume except sediment basin C. It is consistent with
the actual situation which causes a serious environmental problem due to the overflow of sediment basin
during the heavy storm event except sediment basin C and also it verifies the validity of calculation
process of establishing optimum sediment basin suggested in this study.
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Table 1. Existing sediment basin scale

Sediment| Length | Width | Depth | Area | Volume
basin (m) (m) (m) (m?) ()
155 18 2.6 2,790 | 7,245
185 23 2.0 4,255 | 8,510
185 30 3.0 5,550 |19,425
25 12 2.5 300 750
170 26 2.5 4,420 [11,050
45 30 2.0 1,350 | 2,700
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Fig. 1. Calculation procedure of sediment
detention basin
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Table 2. Runoff coefficient (C)

Soil texture
Rural and suburban araes | Sandy | Clay and
. Clay
loam |silty loam
Woodland -
flat(0-5% slope) 0.10 0.30 0.40
rolling (5-10% slope) 0.25 0.35 0.50
hilly (10-30% slope) 0.30 0.50 0.60
Pasture and lawns
flat 0.10 0.30 0.40
rolling 0.16 0.36 0.55
hilly 0.22 0.42 0.60
Cultivated or no plant cover
flat 0.30 0.50 0.60
rolling 0.40 0.60 0.70
hilly 0.52 0.72 0.82

(Source: Schwab, 1971)
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Table 3, Rainfall intensity (1)

Frecuncy Rainfall intensity
5 year 331/tc0-51
10 year 375/tc0-51
20 year 413/c0-51
50 year 458/tc0-51
100 year 489/tc0-50
(Source: Lee Won-Hwan, 1980 )
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Table 4, Roughness coefficient(r) for Kerby’s gfog sEra 1S uw, o] D, E W, Zo]
formula Lol XS] §9% Q7F f98chE, EAIAE
Surface r Q/ WDe &£x=2 #3502 58, o] u, EA
Smooth impervious sur.face 0.02 gale 24 &% Vs 2 A
Smooth bare packed soil 0.10 AN EARIZ Zojdato s sas A
Poor grass, cultivated row crops, srlee—m= Smv
or moderately rough bare surface 0.20 T2
Pasture or average grass 0.40 L
Deciduous timberland . 0.60 Te= o7wp = €.
Conifer timberland, deciduous timberland
with deep forest litter, or dense grass 0.80
(Source: Ye Woo-Sung, 1994 requoted) AAAWIA EARIARS] AAAZH(TV) &
Table 5, Peak discharge
Sediment | H L Te I C A Peak discharge
Basin | (m) | (km) r (hr) (mm/hr) (k) (r/se0)
A 113 0.267 0.10 | 0.0451 225, 7729 0.52 0.0728 2.3743
B 96 0.279 0.10 | 0.0502 213.7896 0.52 0.0524 1.6183
C 76 0.331 0.10 | 0.0631 190. 2417 0.52 0.0664 1.8248
D 71 0.286 0.10 0.0588 197.2144 0.52 0.0436 1,2421
E 116 0.464 0.10 0. 0656 186. 4827 0.52 0.1360 3.6636
F 117 0.569 0.10 | 0.0753 173.7303 0.52 0.1364 3.4231
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Fig 4, Particle setting velocity curves
(Source: Pemberton, 1971)

Table 6. Surface area requirements of sediment
traps and basins

Particle size Settling velocity Surf.ace area
(mm) (m/sec) requirements
()
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) 0.000073 16,404.0
0.005(clay) 0.000018 65,617.0

(Source: Pemberton, 1971)
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Table 7. Required optimum surface area

. Peak Settling Optimum
Sediment | .. .
. discharge (Qp) | velocity(Vs) | surface area
basin
(m*/sec) (m/sec) )
A 2.3743 0. 00029 8,187
B 1.6183 0.00029 5,580
C 1.8248 0.00029 6,292
D 1.2421 0.00029 4,283
E 3.6636 0.00029 12,633
F 3.4231 0. 00029 11,804

FARAE TS, 5P @ WAL BAYAR
A Tashe ol wgFsht 0,02mmuth Zedn
g TAS] AfdE ofF 2 4K EAHo] 87
g 59, 4R 93 0.005mmET A4 YRE
Tasted Wod YA AL BE M go] B A



19994 18) EARE AL AR AR ARkl 3 a4 65

£ d3E & U

wetA], & dpeiM e AR HAE A3 BEA
Az Z71E 0.02mmE dPon, EE AAET
(Vs) & Table 6l 2J3ted 0.00029 (m/sec) 7} €Tk,

(2 a7H= AR P EHA

FrE Fo FHE EARIAE ZEE] Hdld
87EE oA AR AFEHAL (FA4)
o3t AAZ FYHE F5F QS EARIAY
AAEE(Ve) 2 Urold Faged, 1 Ades
Table 73 2t}

3) EAHEAZ(32A)

ST7HE FARY HAHE A5l st
dupgt ARl HAEE EAtY %2 VIEeR
g RAAE meseiol g}, ole A FAVI
3 #dste) 44E £ gled, £ =%dAe B
AP 1dzt BEEe ¢S V18R Yk A
o e BAR ¢ A fHdM R4
T BEAMAIEoRTE FHE £ sled, EAMAL
T EFHAR 258 FEeR FHLEL
S 1993) = stk IR HelMe HA %L £
He EAMALR] EAF THEEES F8] (Davis,

160

Fig. 5. Soil loss distribution of Buju mountain

1977) A 4 i

o] W, EFH4%L USLE(Universal Soil
Loss Equation; Wischmeier, 1978)9} 2l3la] A
AR dBT EdRdEdd o5t 18 4 9l
ot ole ¢339 #=-8(1996, 1998)9 A72E+H
o wa} GIS(Geographic Information System)Z
ALg-3le] Aaksig,
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Table 8. Soil loss for various land use

Wood land | Paddy | Crops area |Crops area
{Chungsan) | (Yimgok) | (Ahnryong) | (Jangwon)
Areatha) | 57.45 0.92 4.61 1.56
Total soll | oo o1 | 994 | 339 | 2910
loss (t/yr)
t/ha/yr 3,616 356 718 1,865

9, =8AL 0.92haZM EAMIAE 18 £ E
FhrAdFe 994tolch

Ao M HEFS] F WAL 4.6lhaRA EAL
AHE 1 F EFFAZFE 3,309t01%ich 281,
2459 F WAL 1.56hagA, EAF AT 1d
% EFHAFS 2,910t

@, A F9E A ESFRA L Table 11

7 2o,

Table 9, Sediment delivery ratio

Drainage area (k) 0.05 | 0.1 | 0.5 1
Delivery ratio 0.58 ]10.52 10.39]0.35

(t/ha/yr) Source: US SCS, 1971 (Hwang Eun et al. 1993 requoted)
Table 10. Trap efficient rate
Soil series Coarse sand Fine sand Silt Trap Soil loss
(2-0. 2mm) {0.2-0.02mm) |(0.02-0.002mm) | efficient rate | rate(%)
Chungsan (Wood land) 37.3 12.7 29.9 50.0% 96.64
Yimgok (Paddy) 13.0 25.7 29,2 38.7% 0.47
Ahnryong (Crops area) 29.1 16.9 25.5 46.0% 1.54
Jangwon (Crops area) 15.0 22.6 32.5 37.6% 1.35

(Source: Detailed soil map, Institute of agricultural sciences, office of rural development, 1982)
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Table 11, Sediment deposit for the year
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Table 12, Volume and depth of sediment deposit

Sediment Required Deposit Deposit | Deposit
basin surface (ton/yn) volume | depth
area () {m/yr) (m)
A 8,187 9,871 5,484 0.67
B 5,580 5,090 2,828 0.51
C 6,292 2,419 1,344 0.21
D 4,283 2,442 1,357 0.32
E 12,633 7,518 4,177 0.33
F 11,804 9, 289 5,161 0.44

Sediment | Trap .
. .. Deposit
delivery | efficient
. (ton/yr)
ratio rate

Sediment | Soil loss
basin {ton/yr)

37,966 0.52 0.5 9,871

19,576 0.52 0.5 5,090

9,304 0.52 0.5 2,419

8,419 0.58 0.5 2,442

38,555 0.39 0.5 7,518

el wl (@l eeRfg

47,638 0.39 0.5 9,289
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Table 13, Required storage volume

Sediment Peak discharge | Storage volume
basin (n?/sec) (m)
A © 0 2.3743 17,095
B 1.6183 11,652
C 1.8248 13,139
D 1.2421 8,943
B 3.6636 26,378
F 3.4231 24,646
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Table 14, Comparison of existing and proposed sediment basin’s scale

Sedi t basi Surface Area({m?) Depth (m) Volume ()
edumen 0 Existing Proposed Existing Proposed Existing Proposed
A 2,790 8,187 2.6 2.09 7,245 17,095
B 4,255 5,580 2.0 2.09 8,510 11,652
C 5,550 6, 292 3.0 2.09 19,425 13,139
D 300 4,283 2.5 2.09 750 8,943
E 4,420 12,633 2.5 2.09 11,050 26,378
F 1,350 11,804 2.0 2.09 2,700 24,646
e, 279 PAAL AFRele BAA 2 A, AR 43 294 2% 539 T
g A4 ERAcR uyo AT £ ges  @FAd BAR A2l 98 BHom AN ¥
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