Journal of Wetlands Research, Vol. 16, No. 2, pp. 221-233 (2014)
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Soil erosion, transportation, and sedimentation by water flow often occur in a stream. This excessive occurrence threatens
the safety of hydraulic structures, and aggravates natural disasters like flood. To prevent soil disaster according to the soil
erosion, it is necessary to predict accurate sediment outflow primarily. Besides, it is very important to choose appropriate
models by basin characteristics, to estimate accurate quantity of related factors, and to acquire available hydrological data.
Therefore, the purpose of this study is to estimate soil erosion amount and sediment amount according to rainfall-runoff by
using rainfall, discharge, and sediment in the Seolmacheon experimental catchment. And, it proposed sediment delivery ratio
of the Seolmacheon catchment by result of studying sediment delivery ratio. Hereafter, this study will estimate sediment
delivery ratio by basin characteristics, and formulate the method of estimating soil erosion and sediment outflow in various
conditions by applying the results in other catchments.
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Fig. 1. Map of Seolmacheon experimental catchment
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Fig. 2. Map of medium classified land cover
(Ministry of Environment)

Table 1. C' and P parameter by land cover

land cover C(Shin, GJ) P
urban area 0.1 1.0
vacant land 0.35 1.0
forest 0.001~0.01(0.0~0.1) 1.0
farmland 0.5(0.3~0.4) 0.5
paddy 0.1(0.2~0.3) 0.5
grass land 0.08~0.2(0.1~0.2) 1.0
wetland 0.05 1.0
water area 0.01 1.0
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Table 2. RUSLE R parameter by rainfall gauging station of Seolmacheon experimental catchment
Memorial Biryong- Binbaei Seolmari Beumyoon Gamak- Memorial
Ttem -bridge artillery -temple mountain Bridge
(pont rainfall) | (pont rainfall) | (pont rainfall) | (pont rainfall) |(pont rainfall) | (pont rainfall)| (mean rainfall
of catchment)
(a) 2009 07/11 20:40 ~ 07/13 20:10 storm event
Total rainfall(mm) 85.5 51.0 52.5 89.0 93.0 75.5 76.2
30min max. rainfall(mm) 10.5 6.5 2.5 12.0 12.5 8.5 9.3
R parameter 33.62 10.84 4.19 40.79 43.98 21.76 25.54
(b) 2009 08/11 04:50 ~ 08/15 14:20 storm event
Total rainfall(mm) 262.5 270.5 250.5 276.0 290.0 252.9 272.7
30min max. rainfall(mm) 20.0 19.5 17.5 215 21.0 19.0 19.8
R parameter 235.82 238.85 194.12 269.02 277.01 213.04 243.44
(c) 2010 07/16 07:10 ~ 07/22 18:20 storm event
Total rainfall(mm) 195.8 185.0 149.5 181.0 183.3 154.5 176.7
30min max. rainfall(mm) 16.2 135 16.0 135 125 10.5 13.5
R parameter 86.58 66.48 60.92 60.41 59.93 38.40 60.87
(d) 2010 08/24 23:50 ~ 08/27 13:50 storm event
Total rainfall(mm) 151.2 134.0 128.5 139.5 132.2 122.5 133.7
30min max. rainfall(mm) 212 22.0 17.0 16.5 17.0 17.5 16.1
R parameter 127.31 114.86 83.49 91.28 85.92 80.74 83.16

(a) 2009 07/11 20:40 ~ 07/13 20:10 storm event
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(b) 2009 08/11 04:50 ~ 08/15 14:20 storm event
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Event 1004-R

Event 1010-R

2 Kilometers

(c) 2010 07/16 07:10 ~ 07/22 18:20 storm event (d) 2010 08/24 23:50 ~ 08/27 13:50 storm event
Fig. 3. Spatial distribution of RUSLE R parameter
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Fig. 5. Relation of 30min maximum rainfall and soil erosion
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Table 3. Soil erosion by storm events
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. 30min maximum Soil erosion Mean erosion
Total rainfall X -
Storm event () rainfall Total Mean Maximum depth
(mm) (ton) (ton/ha) (ton/ha) (mm)
2009 07/11 20:40 ~
76.2 9.3 6,623.2 7.935 1,616.3 0.35
07/13 20:10
2009 08/11 04:50 ~
272.7 19.8 55,346.7 66.310 11,427.1 2.88
08/15 14:20
2010 07/16 07:10 ~
176.7 13.5 13,772.1 16.500 2,634.7 0.72
07/22 18:20
2010 08/24 23:50 ~
133.7 16.1 21,236.5 25.443 3,916.7 1.11
08/27 13:50
Eros_903
l:l 0 Eros_gos
[ ]0-01 [ ]
[_]0-01
[ ]01-1 C01-1
|mm1-2 1-2
B 2-3 B 2-3
I 3-5 BlG-5
I 5-10 510
I 10-15 I 10-15
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N N
N S
1 2 Kilometers 2 Kilometers
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(c) 2010 07/16 07:10~07/22 18:20 storm event

[ |
I 10-15

2 Kilometers
]

(d) 2010 08/24 23:50~08/27 13:50 storm event

Fig. 6. Map of soil erosion distribution(Seolmacheon experimental catchment)
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Table 4. Analysis result of suspended load and total sediment load(Seolmacheon experimental catchment, Memorial-bridge,

2009 ~2010)
Discharge | Suspended |Suspended| Total Total Discharge | Suspended |Suspended| Total Total
concentration|  load sediment | sediment concentration|  load sediment | sediment
Item concentrati|  load Item concentrati|  load
on on
(m’/s) (ppm) | (ton/day) | (ppm) | (ton/day) (m'/s) (ppm) | (ton/day) | (ppm) | (ton/day)
SSD09-01 0.235 13.0 0.3 16.1 0.3 SSD10-01 0.862 51.0 38 104.4 7.8
SSD09-02 | 0.875 281.0 212 525.6 39.7 SSD10-02 | 1.169 36.0 3.6 66.9 6.8
SSD09-03 | 1.736 1,058.0 158.7 1,883.5 282.5 | SSD10-03 | 1.169 18.0 1.8 14.0 3.8
SSD09-04 | 25.425 515.0 1,131.3 | 2,424.7 | 5,326.5 | SSD10-04 | 1.135 13.0 1.3 280.8 3.0
SSD09-05 0.998 8.0 0.7 185.0 159 SSD10-05 0.112 14.0 0.1 69.7 0.1
SSD09-06 | 3.392 121.0 355 512.3 150.1 | SSD10-06 | 0.696 128.0 7.7 403.3 16.9
SSD09-07 | 7.081 157.0 96.1 780.9 477.8 | SSD10-07 | 1.438 42.0 5.2 433.7 8.7
SSD09-08 | 11.630 126.0 126.6 1,218.8 | 1,224.7 | SSD10-08 | 4.693 178.0 722 1262.6 163.5
SSD09-09 | 12.740 56.0 61.6 1,275.1 | 1,403.6 | SSD10-09 | 5.443 125.0 58.8 5.5 204.0
SSD09-10 |  9.552 17.0 14.0 800.2 660.3 | SSD10-10 | 8.770 187.0 141.7 213 956.6
SSD09-11 | 7.702 13.0 8.7 973.4 6477 | SSD10-11 | 4.279 16.0 5.9 1,601.8 56.3
SSD09-12 | 7.314 109.0 68.9 1,016.7 6424 | SSD10-12 | 2.606 13.0 2.9 2,2572 144
SSD09-13 | 8.009 23.0 15.9 701.2 4852 | SSD10-13 | 1.813 5.0 0.8 372 4.1
SSD09-14 | 13.761 237.0 281.8 1,583.9 | 1,883.2 | SSD10-14 | 1.323 6.0 0.7 304 23
SSD09-15 | 19.711 124.0 211.2 1,226.3 | 2,088.5 | SSD10-15| 0.466 5.0 0.2 152.2 0.2
SSD09-16 | 16.338 40.0 56.5 1,568.0 | 2,213.3 | SSD10-16 | 0.958 8.0 0.7 63.8 24
SSD09-17 | 0.705 22.0 1.3 126.0 7.7 SSD10-17 | 1.085 2.0 0.2 26.5 2.0
SSD09-18 | 1.961 211.0 35.8 685.1 116.1 | SSD10-18 | 1.044 1.0 0.1 20.1 1.6
SSD09-19 |  8.419 274.0 199.3 1,044.5 759.7 | SSD10-19 | 10.227 210.0 185.6 29.1 1,415.4
SSD09-20 | 52.280 1,334.0 6,025.7 | 3,126.7 | 14,123.3 | SSD10-20 | 16.099 114.0 158.6 17.5 3,139.7
SSD09-21 | 45.238 662.0 2,587.5 | 2,4364 | 9,522.6 | SSD10-21 | 28.003 419.0 1,013.8 | 29429 | 7,1204
SSD09-22 | 46.563 626.0 2,5184 | 24392 | 9,813.0 | SSDI10-22 | 20.215 76.0 132.7 24293 | 42429
SSD09-23 | 23.370 157.0 317.0 1,995.9 | 4,030.1 | SSD10-23 | 13.135 19.0 21.6 1,846.1 | 2,095.1
SSD09-24 | 11.412 51.0 50.3 1,088.9 | 1,073.6 | SSD10-24 | 8.163 7.0 4.9 901.2 635.6
SSD09-25 | 8.040 26.0 18.1 712.0 494.6 Sum 7,970.0 15,835.1 | 45913.0 | 77,867.6
SSD09-26 | 5.936 16.0 82 | 5490 | 2g15 | Ratoof compare suspended load with totall S o | o) g,
sediment load(%)

228 Journal of Wetlands Research, Vol. 16, No. 2, pp. 221-233 (2014)



FGES BHS 9 13 AdxdoR 94
P GFERAF D FETANE BANS A

atojok ahit, Table 5914 Bi= njpel o] T9-AP
fFAHES 598971 270~107] W= v A
2009139 2670 2 20101d2] 2470, & 5070 g

T TR WA AEAdA

6~7 9 Fig. 7~83} ko] Fatd 73k

DongPhil Kim - JooHun Kim

iAol & Aow BEAFEAY
IEAPES F 9oy A A EY S

A= o gwdk 200999 07/11 20:40~07/13
20:10, 08/11 04:50~08/15 14:20 270 T$-AMS}
2010699 07/16 07:10~07/22 18:20, 08/24 23:50~
&8

08/27 13:50 27]9] Z4AMdS AEiste] Aol

sgick,

O

(e} = O
TFF

AV A
FHAG T2 47 E9APRe] 285}e] Table 83}
[e)

| =54 4343ton~3,912.3ton, F-F-AFE 294.7ton

TE S 3
3le] 7h7} 3709 BARAAL s e ~2,702.7ton< AHGBIGITE o714 frakrE el &
A R RERAAE BATAY AAAFER: 2 AR wE
0.905~0.985 2 0.873~0.985°| 252 =X} uj-$-
Table 5. Status of sediment outflow measurement
2009year 2010year
Measurement Measurement
Storm event Remark Storm event Remark
(number) (number)
07/09 02:00~07/11 20:30 4 - 07/02 05:00~07/09 22:10 4 -
07/11 20:40~07/13 20:10 7 Choice 07/16 07:10~07/22 18:20 6 Choice
07/13 20:20~07/16 02:00 5 - 07/22 18:30~07/27 19:30 4 -
08/11 04:50~08/15 14:20 10 Choice 08/05 15:00~08/10 03:50 2 -
08/12 12:40~08/13 04:20 2 -
08/24 23:50~08/27 13:50 6 Choice
26 24

Table 6. Relation curve formula of Discharge-total sediment load

Relation curve formula of Discharge-total R2 R "
coverage emar
verag sediment load
Q < 20.900 S,=5.526 Q' 0.951
1.064 Extrapolation possibility until threshold
. . = . 0.905
20.900< @ < 46.500 S;=168.920 @ runoff225 ’s)
Q> 46.500 S,=0.182 Q** 0.985
- @ : discharge(m’/s), S : total sediment load(ton/day)
Table 7. Relation curve formula of Discharge-suspended load
Relation curve formula of 9
coverage K R Remark
Discharge-suspended load
Q < 20.900 Sg=4.930 Q> 0.873
25 Extrapolation possibility until threshold
. < : =57.298 Q1! 0.966
20.900< @ < 46.500 S¢=57.298 Q) runof{(225m%s)
Q> 46.500 Sg=0.008 Q*7% 0.985

- @ : discharge(m’/s), S : suspended load(ton/day)
S
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Fig. 7. Relation curve of Discharge-
total sediment load

Table 8. Analysis result of sediment outflow

60

20,000

15,000

10,000

suspended load(ton/day)

5,000

o A _...etﬂ-"/

0 10 20 30 40 50 60
discharge(m*/s)

/

Fig. 8. Relation curve of Discharge-
suspended load

2009 2010
Total sediment load Suspended load Total sediment load Suspended load
Storm event Total Mean Total Mean Storm event Total Mean Total Mean
(ton) (ton/ha) (ton) (ton/ha) (ton) (ton/ha) (ton) (ton/ha)
07/11 20:40 ~ 07/16 07:10 ~
4343 0.512 294.7 0.348 907.1 1.070 602.3 0.710
07/13 20:10 07/22 18:20
08/11 04:50 ~ 08/24 23:50 ~
3,912.3 4.614 2,702.7 3.187 1,372.8 1.619 883.9 1.042
08/15 14:20 08/27 13:50
43 QAITEE B4 Table 99} o] fARIEE &4 A3t
ok 714t wrpuleyl TAS Muld AlEgodd
RUSLE :67‘}11 75'1]%% %SH {\‘Xélﬂ EOJ%]&]%]:%% 1_ ]E E_LLLHO‘]’]— o= E‘_]' ]DTF“J ]
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SHOoE W] 753 THLee, et al., 2012).
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Table 9. Calculation of sediment delivery ratio(USDA, Vanoni,

DongPhil Kim - JooHun Kim

Boyce formula)

Method Formula Catchment area(km) SDR
USDA(1972) SDR = 0.5656 .4 %110 8.48 0.447
Vanoni(1975) SDR=0.4724 A% 8.48 0362
Boyce(1975) SDR=0.3750 A %% 8.48 0.225

Table 10. Analysis result of sediment delivery ratio

Storm event(2009) Storm event(2010)
Ttem 07/11 20:40 ~ 07/13|08/11 04:50 ~ 08/15(07/16 07:10 ~ 07/22|08/24 23:50 ~ 08/27
20:10 14:20 18:20 13:50
Total(ton) 6,623.2 55,346.7 13,772.1 21,236.5
Soil erosion
Mean(ton/ha) 7.935 66.310 16.500 25.443
Sediment outflow Total(ton) 4343 3,912.3 907.1 13725
(observed) Mean(ton/ha) 0.512 4.614 1.070 1.619
Forest Service(1965) and Total(ton) 1,655.8 13,836.7 3,443.0 5,309.1
Williams and
Berndi(1972)" Mean(ton/ha) 1.953 16.317 4.060 6.261
» Total(ton) 1,987.0 16,604.0 4,131.6 6,371.0
Hadley and Shown(1976)
Mean(ton/ha) 2343 19.580 4872 7.513
N Total(ton) 66.2~2,563.2 553.5~21,419.1 137.7~5,329.8 212.4~8218.5
Wade and Heany(1978)
Mean(ton/ha) 0.078~3.023 0.653~25.258 0.162~6.285 0.250~9.692
USDA(1972) Total(ton) 2,960.6 24,739.9 6,156.1 9,492.7
SDR(=0.447) Mean(ton/ha) 3.491 29.174 7.260 11.194
Vanoni(1975) Total(ton) 2,397.6 20,035.5 4,985.5 7,687.6
SDR(=0.362) Mean(ton/ha) 2.827 23.627 5.879 9.066
Boyce(1975) Total(ton) 1,490.2 12,453.0 3,098.7 47782
SDR(=0.225) Mean(ton/ha) 1.757 14.685 3.654 5.635
Proposal of this research Total(ton) 4438 3,708.2 922.7 1,422.8
SDR(=0.067) Mean(ton/ha) 0.523 4373 1.088 1.678

1) Forest Service(1965) and Williams and Berndt(1972) :

2) Hadley and Shown(1976) :
3) Wade and Heany(1978) :
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