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Abstract

There are more than 22,300 small streams distributed nationwide in Korea, and they have various runoff characteristics depending on
basin area, topography and land use. For small stream disaster management, establishing detailed design standards suitable for the small
streams is important, but most of the formulas currently proposed in the small stream design standard are based on the river design
standard aimed at national and local rivers or foreign river design standards. The design-width is an important factor in determining the
size of the stream. It is determined by using design-flood discharges or more variables such as design-flood discharges, basin area, slop,
etc in the small stream design standard. This study collected various characteristics information such as the design-flood discharges,
basin area, river length and river slop, and design-width values from 4,073 small streams distributed in 12 cities and provinces in Korea
to suggest the appropriated design-width formula. This study developed two design-width formulas by using the regression analysis
which one is using the design-flood discharges and the other is using various variables such as the design-flood discharges, basin area,
river length and river slope collected from the small steams. It is expected that both equations developed in here can be used for small
stream disaster management, such as improving small stream design standard or establishing a comprehensive small stream
maintenance plan.

Keywords: Small stream design standard, Design-width formula, Design-flood discharges, Comprehensive small stream maintenance plan,
River design standard
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Classification Number (EA) Number Ratio (%) Area (km?) Area Ratio (%)
National River 62 0.2 2,995 4.6
Local River 3,773 14.4 26,789 41.2
Small Stream 22,300 85.4 35,300 542
Total 26,135 100.0 65,084 100.0
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Table 2. Comparisons of collection and selection characteristics data collected by local governments

Local Gov. Total Collection Selection Province Total Collection Selection
Total 22,330 8,686 4,073 Gyeonggi-do 2,033 1,266 30
Seoul 17 17 10 Gangwon-do 2,371 2,575 1,109
Pusan 35 62 9 Chungcheongbuk-do 2,047 2,088 1,619
Daegu 127 130 86 Chungcheongnam-do 1,965 2,028 919

Incheon 113 118 55 Jeollabuk-do 2,554 - -
Gwangju 23 24 9 Jeollanam-do 3,875 - -
Daejeon 86 88 45 Gyeongsangbuk-do 3,731 - -
Ulsan 135 135 121 Gyeongsangnam-do 2,975 - -
Sejong 154 155 61 Jeju-do 89 89 -

Table 3. Comparisons of small stream characteristic variables

Stream width Design-flood Basin area Stream length Channel slope
Maximum 115.0m 475.0 m’/s 17.91 km? 37.55 km 0.4124
Median 12.0m 32.0 m¥/s 2.42 km? 1.59 km 0.0313
Minimum 1.5m 2.0 m’/s 0.50 km? 0.12 km 0.0002
Average 15.5m 48.7 m’/s 2.88 km? 2.89 km 0.0484

Table 4. Correlation coefficient determined by using width and other characteristic variables

Characteristic Variables Correlation Coefficient

Characteristic Variables Correlation Coefficient

Design-Flood 0.618

Basin Area 0.609

Stream Length 0.604

Channel Slope -0.111
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Table 5. Decision coefficient and standard error determined by using each regression method

R Coutiiom_|_Cocttcient | Deviatin | RUSE
W= 8381+ 0.146 Q ) 0.618 0.383 9.485 9.483
W= 2.160 Q""" ©6) 0.629 0.396 9.465 9.612
W= 5.484 4 0.089 Q@+ 2.062 L — 0.005 4 — 5.613.9 (7 0.642 0.412 9.251 9.250
W= 4.838 QU184 [ 0129 40236 g—0.018 (8) 0.654 0.427 9.196 9.326
W= 5.188 Q"8 10132 40241 ©) 0.652 0.425 9.209 9.339
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Fig. 4. Compariaons results of predicted design width with measured values collected from 4,073 small streams
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Table 6. Comparisons of one-variable design width formulas for cross validation

) ) Correlation Coefficient .

Regression Equation — — Standard Deviation RMSE
Training Data | Validation Data

1-Fold W= 2.098 Q""" (10) 0.638 0.593 6.248 9.709
2-Fold W= 2151 Q""" (11) 0.625 0.644 6.492 9.615
3-Fold W= 2.154 Q""" (12) 0.636 0.605 6.416 9.749
4-Fold W= 2.168 Q""" (13) 0.626 0.644 6.634 9.303
5-Fold W= 2.228 Q" (14) 0.622 0.663 5.859 9.701
Average W= 2.160 Q""" (15) 0.629 0.630 6.330 9.616
Whole Data | /= 2.160 Q"> (6) 0.629 - 9.460 9.612

Table 7. Comparisons of multi-variable design width formulas for cross validation

Regression Equation Correlation Coefficient Standard Deviation RMSE

Training Data | Validation Data
1-Fold W= 4.492 Q2" [ 131 40223 670019 (1) 0.660 0.626 6.792 9.398
2-Fold W= 5.136 Q™16 10131 4025 g~ 0018 (17 0.652 0.660 7.007 9.375
3-Fold W= 4.985 Q180 10152 40239 g=0012 (1gy 0.661 0.623 6.927 9.547
4-Fold W= 4.758 QU190 [ 0117 40235 g=0022 19y 0.650 0.668 6.943 9.036
5-Fold W= 4.856 Q().lB()L(].135A(J.229 S—(),UQ() (20) 0.645 0.690 6.479 9.036
Average W= 4.841 Q"8 [,0129 40236 g=0018 5y 0.654 0.653 6.830 9.279
Whole Data | /= 4.838 Q0181 0129 40236 g=0018 (g 0.654 - 9.190 9.326
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Table 8. Comparisons of one-variable design width formulas developed in Korea

Author Applied Stream Region a B

Small Stream Design Standard Small Stream in Korea 1.235 0.638

Ahn and Kwon (1996) Mihocheon Basin 1.523 0.644

Lee (2004) West-Southern Region of Korea 2.017 0.502

Sin (2007) Dalcheon Basin 0.943 0.699

Bang (2017) West Side Area of Gangwon-do 2.113 0.478

Lee (2019) Asan City Area of Chungcheongnam-do 1.655 0.582

Table 9. Comparisons of multi-variable design-width formulas developed in Korea
Author Applied Stream Region a B ¥ é €
Lee (2004) West-Southern Region of Korea 1469 0442 ; - 0116
6.506 - 0.422 - -0.071
Sin (2007) Dalcheon Basin 0.727 0.516 - - -0.258
Myeng et al. (2007) Geum River Basin 1.40 0.219 0.261 0.457 -0.03

Bang (2017) West Side Area of Gangwon-do 5.816 0.176 0.315 - 0.042
Lee (2019) Asan City Area of Chungcheongnam-do 1550 0343 - - 0053
7.456 - - 0.520 -0.066
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Fig. 8. Deviation of design-width predicted by using one variable
formulas compared with measured values
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Fig. 9. Deviation of design-width predicted by using multi variable

formulas compared with measured values
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Table 10. Comparisons statistical characteristics determined by using one-variable formulas

Corr. Std. 4th Q. 2nd Q. . Max-Min | 1~3Q.
Coef. Aver. Dev. (Max.) 3rd Q. (Med.) IstQ. Min. Dev. Dev.
This Study (2022) 0.629 -1.69 9.46 19.16 2.78 0.76 -2.87 -91.85 111.02 5.64
Design Standard 0.631 -2.03 9.37 31.84 2.14 -0.27 -3.64 -91.84 123.69 5.78
Ahn and Kwon (1996) 0.631 1.54 9.75 49.32 5.68 2.28 -0.91 -87.27 136.60 6.58
Lee (2004) 0.629 -2.60 9.53 17.36 1.96 0.04 -3.89 -92.99 110.35 5.85
Sin (2007) 0.631 -2.31 9.44 39.05 1.72 -0.80 -4.06 -92.08 131.13 5.78
Bang (2017) 0.629 -3.17 9.65 15.60 1.49 -0.34 -4.36 -93.78 109.37 5.84
Lee (2019) 0.631 -1.02 9.36 28.91 3.27 0.79 -2.59 -90.72 119.63 5.85
Table 11. Comparisons statistical characteristics determined by using multi-variable formulas
Corr. Std. 4th Q. 2nd Q. . Max-Min | 1~3Q.
Coef. Aver. Dev. (Max.) 3rd Q. (Med.) IstQ. Min. Dev. Dev.
This Study (2022) 0.654 -1.56 9.19 20.30 2.64 0.64 -2.63 -87.15 107.44 5.27
Lee (2004)-1 0.622 -4.21 9.79 14.08 0.64 -1.27 -5.36 -91.95 106.02 6.00
Lee (2004)-2 0.644 -3.93 9.52 17.24 0.65 -1.29 -5.04 -93.64 110.88 5.68
Sin (2007) 0.583 -2.81 9.83 32.94 1.73 -0.96 -4.64 -84.24 117.17 6.38
Myeng et al. (2007) 0.641 -8.11 9.30 27.61 -3.78 -5.76 -9.39 -94.36 121.97 5.61
Bang (2017) 0.642 -3.22 941 19.09 1.21 -0.70 -4.36 -92.12 111.21 5.56
Lee (2019)-1 0.617 -5.78 9.85 12.19 -0.79 -2.80 -7.13 -97.98 110.17 6.34
Lee (2019)-2 0.646 -1.10 9.23 32.15 3.00 0.27 -2.54 -85.11 117.26 5.54
Table 9). @, 7|& U] &oPd Al 25kE 44 A= 5 SI61E AT A2 A2 34 T FHA o] =2 7] of w2t
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