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Evaluation of Runoff:Peak Rate Runoff and Sediment Yield under
Various Rainfall Intensities and Patterns Using WEPP Watershed Model
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Abstract

Recently, changes in rainfall intensity and patterns have been causing increasing soil loss worldwide.
As a result, the water ecosystem becomes worse and crops yield are reduced with soil loss and nutrient
loss with it. Many studies have been proposed to estimate runoff and soil loss to predict or decrease
non-point source pollution. Although the USLE has been used for many years in estimating soil losses,
the USLE cannot reflect effects on soil loss of changes in rainfall intensity and patterns. The WEPP,
physically based model, is capable of predicting soil loss and runoff using various rainfall intensity. In this
study, the WEPP model was simulated for sediment yield, runoff and peak runoff using data of 5, 10, 30,
60 minute term rainfall, Huff’s method and design rainfall. In case of rainfall interval of 5 minutes and
60 minutes, the sediment and runoff values decreased by 24% and 19%, respectively. The peak rate runoff
values decreased by 16% when rainfall interval changed from 5 minutes to 60 minutes, indicating the peak
rate runoff values are affected by rainfall intensity to some degrees. As a result of simulating using Huff's
method, all values (sediment yield, runoff, peak runoff) were found to be the greatest at third quartile.
According to the analysis under various design rainfall conditions (2, 3, 5, 10, 20, 30, 50, 100, 200, 300 years
frequency), sediment yield, runoff, and peak runoff of 906.2%, 249.4% and 183.9% were estimated using
2 year to 300 year frequency rainfall data.
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Table 1. Simulated Sediment Yield with Various Interval Rainfall

Date Rainfall (mm) | Observed sediment | 5min (kg) 10 min (kg) | 30 min (kg) 1 hr (kg)
07.7.19 40.5 100.0 677.4 546.6 4771 199.2
07.81~82 65.0 1950.0 1,930.5 19122 1,857.1 1,840.8
07.84~85 93.0 2450.0 1,967.7 1,856.1 1,460.9 1,290.7
07.8.08 67.0 2050.0 1,819.7 1,772.8 1,739.7 1,687.4
07.8.09 137.0 11680.0 9,664.0 9,735.6 9,412.2 8,786.0
07.8.10 38.0 1210.0 727.6 636.8 681.5 285.2
07.8.19 34.5 480.0 886.4 856.7 769.9 525.2
07.8.27 52.0 1160.0 1,289.4 1,192.7 943.5 375.3
07.9.14~15 92.0 4000.0 2,821.4 2,848.7 2,057.3 1,7514
07.9.18 52.0 1710.0 2,707.2 2,706.5 2,158.7 1,993.5
08.6.18 415 500.0 344.2 396.9 329 205.8
08.7.15~16 29.0 450.0 1451 146.0 144.8 140.1
08.7.19~20 75.0 740.0 2,344.8 2,341.6 2,562.1 2,262.1
08.8.02 24.0 240.0 28.2 20.3 9.4 5.0
08.8.03 27.0 910.0 462.1 456.8 3279 275.5
08.8.12 31.0 330.0 815.7 813.4 787.4 43.6
08.8.18 395 900.0 703.3 679.5 693.8 670.7
08.8.22 77.0 1960.0 1,153.6 1,1286 974.6 819.5
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Table 2. Simulated Runoff with Various Interval Rainfall

Date Rainfall (mm) | Observed runoff | 5min (m’) 10 min (m”) 30 min (m”) 1 hr (m°)
07.7.19 40.5 13.0 62.91 44.54 40.68 37.06
07.8.1~8.2 65.0 164.0 186.81 184.61 180.38 180.01
07.8.4~8.5 93.0 168.0 209.68 189.70 155.33 138.58
07.8.08 67.0 141.1 176.08 173.07 172.35 172.00
07.8.09 137.0 596.0 404.47 399.44 398.17 384.20
07.8.10 38.0 80.1 59.37 97.70 52.36 46.28
07.8.19 34.5 52.0 85.95 82.10 74.75 43.82
07.8.27 52.0 153.0 130.81 121.21 92.39 70.10
07.9.14~15 92.0 265.0 207.50 187.30 174.37 151.34
07.9.18 52.0 175.0 151.31 149.29 143.68 137.55
08.6.18 415 21.0 3751 37.98 35.23 24.70
08.7.15~16 29.0 30.0 18.04 1797 1794 17.93
08.7.19~20 75.0 88.0 175.72 175.14 166.24 165.64
08.8.02 24.0 16.0 6.52 5.38 3.23 2.40
08.8.03 27.0 58.0 52.31 51.62 38.59 34.64
08.8.12 31.0 32.0 90.26 90.22 84.88 70.32
08.8.18 39.5 67.0 74.25 73.77 70.87 69.62
08.8.22 77.0 119.0 183.01 171.87 140.46 127.59
Table 3. Comparison of Simulated Peak Runoff under Various Interval Rainfall
Date Rainfall (mm) 5 min (m’/s) 10 min (m®/s) 30 min (m*/s) 1 hr (m%/s)
07.7.19 40.5 0.16196 0.12143 0.11259 0.10418
07.8.1~8.2 65.0 0.40144 0.39749 0.38989 0.38921
07.8.4~85 93.0 0.31335 0.30978 0.31096 0.31254
07.8.08 67.0 0.38211 0.37665 0.37536 0.37472
07.8.09 137.0 0.76459 0.75664 0.75463 0.73249
07.8.10 38.0 0.15910 0.15432 0.15068 0.12537
07.8.19 34.5 0.21010 0.20221 0.18701 0.11978
07.8.27 52.0 0.29822 0.27986 0.22314 0.18937
07.9.14~15 92.0 0.36172 0.34784 0.32124 0.28119
07.9.18 52.0 0.33672 0.33297 0.32250 0.31098
08.6.18 41.5 0.10520 0.10630 0.09984 0.07425
08.7.15~16 29.0 0.05713 0.05696 0.05687 0.05683
08.7.19~20 75.0 0.38038 0.38144 0.36419 0.36309
08.8.02 24.0 0.02445 0.02082 0.01507 0.01063
08.8.03 27.0 0.13885 0.13732 0.10773 0.09845
08.8.12 31.0 0.21884 0.21875 0.20791 0.07309
08.8.18 39.5 0.18594 0.18494 0.17885 0.17622
08.8.22 77.0 0.39460 0.39207 0.37446 0.31645

H45% 8k 20124 8H

801



Table 4. Huff's Quartile Storm Rate (Ministry of Construction & Transportation, 2000)

Quartile 10 20 30 40 50 60 70 30 90 100
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1st 179 41.8 58.5 66.7 73.3 79.5 84.8 90.4 95.5 100
2nd 4.6 12.2 29.1 477 65.4 80.0 89.2 93.4 96.9 100
3rd 3.8 9.1 14.4 21.5 35.2 54.4 74.9 87.6 95.6 100
4th 6.8 136 20.0 25.0 30.1 34.6 43.8 60.0 83.1 100
250 r
200
’_E\ 150 —#— Quanrtile 1
\;E,« —8— Quartile 2
“r__ci Quartile 3
3 100 Quartile 4
o
50 v

1

6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96

Time{minute)

Fig. 5. Measured Rainfall Using Huff's Method at Hong—Cheon

Table 5. Comparison of Sediment, Runoff, Peak Runoff Generation Estimated Using Huff's Method

Quartile Sediment Yield (kg) Runoff (m?) Peak runoff (m%/s)
1st 24,659.0 1,269.48 1.04012
2nd 25,141.6 1,262.78 1.03554
3rd 25,375.4 1,280.58 1.04770
4th 24,642.9 1,269.62 1.04021

Table 6. Comparisons of Sediment, Runoff, Peak Runoff Generation under Various Design Rainfall

Frequency Probability Rainfall Sediment Yield Runoff Peak Runoff
(year) (mm) (kg) (m®) (m®/s)
2 98.4 2,486.2 529.98 0.50199
3 114.9 45314 656.74 0.60031
5 133.3 6,642.0 810.90 0.71573
10 156.5 9,761.6 998.87 0.85166
20 178.6 12,740.1 1,175.77 0.97572
30 191.3 14,363.2 1,278.03 1.04601
50 207.3 16,930.2 1,406.18 1.13278
100 228.8 19,662.0 1,578.82 1.24764
200 250.3 23,286.2 1,751.60 1.36053
300 262.8 25,016.2 1,851.93 1.42522
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