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Abstract

This study examined the effects of riverbed slope and roughness coefficient on flood level and flow velocity. A
numerical experiment was conducted by installing HEC-RAS in the valley of a sub-basin in Geochang-gun,
Gyeongsangnam-do. For each basin, three slopes of riverbeds (slopes-15.0%, 5.0%, and 1.0%) were chosen with different
characteristics, and four coefficients of roughness were applied to each slope to parameterize the flow. Flow velocity and
flood level were intensively investigated. It was found that in the cases of 15.0% and 5.0%, where the riverbed slopes are
steep, the slope dominates the change in flow velocity and flood level, while in the case of 1%, where the riverbed slope is
small, the change in flow velocity and flood level caused by changes in roughness coefficient is insignificant. Usually, the
riverbed slope is large in the valley part of the watershed, so in this case, the slope will play a dominant role in the results of
flow velocity and flood level when designing water-related structures.
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Table 1. Monthly weather status
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Distinction Temperature(C) Relative Average Wind Sunlight Hour Precipitation Note
(Month) average max min Humidity (%)  Velocity (m/s) (hr) (mm)
January -1.9 6.9 -11.9 59.7 1.7 193.7 15.9
February 0.9 10.7 -7.9 57.9 1.7 181.3 33.2

March 5.9 15.6 -3.3 56.3 1.9 214.4 53.6
April 11.8 20.9 2.3 59.5 2.0 210.1 87.7
May 17.5 26.1 9.1 62.5 1.8 248.1 74.7
June 21.4 29.4 15.1 72.7 1.5 172.6 94.5
July 24.8 32.3 19.2 81.4 1.4 148.0 257.6

August 24.6 32.2 19.0 81.9 13 163.6 233.8

September 19.7 27.7 13.0 79.5 1.2 160.6 144.9
October 13.2 23.0 4.8 75.5 1.3 187.5 70.8

November 6.7 15.5 -2.6 69.9 1.4 163.7 45.0

December 0.1 8.5 -7.6 63.8 1.7 179.0 25.5
Average 12.0 323 -11.9 68.4 1.6 2,222.7 1,137.2
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Fig. 1. Monthly weather overview.
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Table 2. Status of target area

Location Basin Area (kr) River Length (km) Above Sea Level (El.m) Vegetation Status

A sub basin 0.164 1.164 265~620 Ley, Pine (Mountain)

B sub basin 0.063 0.719 265~500 Ley, Pine (Mountain))

C sub basin 0.135 0.986 280~620 Ley, Pine (Mountain)
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Fig. 3. Status of topography in the area to be reviewed.
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Fig. 4. A sub basin - Changes in flow velocity and flood level according to the slope and roughness coefficient.
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F-= 1. Maximum annual rainfall for arbitrary hours by rainfall duration at Geochang Observatory

Maximum annual rainfall for arbitrary hours by rainfall duration

vear 10 min 60 min 120min ~ 180min 240 min 360 min 540 min 720 min 1080 min 1440 min
1973 11.0 37.0 41.0 47.4 54.6 69.3 95.2 97.1 101.9 116.5
1974 7.5 23.5 353 48.0 55.7 69.9 87.2 102.6 109.4 111.3
1975 9.0 36.0 60.4 65.5 66.8 103.2 116.5 117.6 120.1 126.9
1976 9.0 23.0 29.9 30.5 36.5 48.5 59.9 68.1 94.8 105.2
1977 26.0 42.0 50.5 50.5 53.2 54.2 55.9 60.8 70.5 73.0
1978 8.0 24.0 33.4 41.0 45.7 57.7 74.5 86.3 973 107.7
1979 12.0 38.0 49.9 61.2 84.1 101.1 131.8 145.8 156.2 156.2
1980 18.0 48.5 82.5 82.5 82.5 83.1 84.5 84.5 85.4 97.5
1981 7.0 235 36.2 39.1 45.8 59.9 76.7 90.7 109.4 126.5
1982 12.0 49.5 63.7 64.2 64.8 90.4 118.3 155.3 178.0 187.3
1983 18.0 38.5 43.2 43.2 43.2 43.2 52.1 63.3 86.2 89.5
1984 8.0 36.5 53.6 56.5 65.3 89.6 122.7 142.5 149.1 150.9
1985 15.0 29.0 39.9 53.6 53.7 66.8 86.6 106.4 144.3 148.0
1986 12.0 39.0 59.9 83.0 100.5 123.5 161.6 181.4 187.5 187.5
1987 14.5 43.5 68.3 82.0 95.9 118.4 147.5 153.4 162.3 199.2
1988 8.5 26.0 36.3 51.0 57.1 71.4 74.7 75.1 75.9 76.5
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Maximum annual rainfall for arbitrary hours by rainfall duration

Tear 10 min 60 min 120 min 180 min 240 min 360 min 540 min 720 min 1080 min 1440 min
1989 12.5 34.0 51.2 60.5 61.5 77.3 85.9 91.4 138.0 147.8
1990 18.0 45.5 69.4 74.8 92.8 110.5 125.5 1353 143.4 143.8
1991 10.5 29.5 38.9 44.9 62.2 74.9 80.8 86.5 86.5 86.5
1992 6.0 16.5 24.7 34.5 39.3 51.6 74.5 91.5 97.9 106.3
1993 14.5 29.0 33.6 46.9 49.5 62.7 77.0 85.4 102.4 128.9
1994 15.5 51.5 67.8 74.8 74.8 77.4 88.1 104.0 118.5 120.4
1995 15.0 26.5 34.2 42.8 51.5 60.7 64.5 67.8 75.3 89.8
1996 8.0 15.5 29.0 34.5 42.3 57.7 77.5 91.0 114.5 142.4
1997 14.5 39.5 44.7 64.4 69.9 81.0 104.7 113.6 133.0 133.0
1998 18.5 46.5 62.0 62.9 65.3 76.9 105.2 139.2 1953 230.7
1999 13.0 41.0 54.7 59.8 64.8 69.3 76.5 80.5 84.4 87.8
2000 19.0 51.5 56.2 57.2 61.2 81.5 88.1 98.0 149.1 156.1
2001 9.0 20.5 40.5 50.0 57.1 73.4 85.1 93.0 127.5 152.5
2002 8.5 36.5 55.7 73.2 90.3 116.4 144.5 166.8 180.2 185.1
2003 12.0 31.5 45.7 55.2 61.2 71.9 91.6 109.0 141.6 159.5
2004 17.5 61.5 78.3 92.8 97.9 139.7 183.3 219.6 251.5 205.3
2005 20.5 445 59.4 76.8 90.3 105.3 114.3 125.1 141.6 208.6
2006 12.0 54.0 81.5 103.6 117.8 140.7 166.2 168.0 168.2 168.2
2007 21.0 83.0 99.3 120.6 141.8 148.8 148.8 165.3 177.2 213.1
2008 115 15.4 23.1 29.9 36.2 43.0 53.4 60.3 65.6 75.2
2009 8.5 34.5 42.6 48.5 54.6 72.4 91.6 102.7 105.0 105.0
2010 22.0 40.0 43.1 48.5 56.1 82.0 107.8 115.6 132.0 151.5
2011 13.5 38.0 57.3 68.1 76.5 100.7 110.2 111.1 131.0 166.5
2012 22.5 44.0 63.1 76.3 85.2 102.2 122.4 123.1 166.2 199.1
2013 11.5 45.0 55.7 68.6 76.0 88.6 113.3 151.3 187.8 195.6
2014 15.5 28.0 415 521 64.8 79.4 91.6 108.5 122.4 124.8
2015 17.5 41.5 50.5 63.4 71.4 80.0 89.1 99.6 103.4 103.9
2016 12.0 38.0 61.5 79.7 86.1 91.4 91.4 106.1 119.3 127.4
2017 16.9 32.5 34.2 34.2 411 55.8 73.5 753 75.3 75.3

15 2. Estimation of rainfall intensity equation

Rainfall Intensity Equation Coefficient by Frequency

Recurrence Interval

a b c d e f g
10 Year 3.98522 -0.45110 -0.22119 0.08200 0.04397 -0.03109 0.00464
20 Year 4.11082 -0.45428 -0.22180 0.08261 0.04400 -0.03125 0.00468
30 Year 4.17583 -0.44814 -0.23048 0.08341 0.04647 -0.03233 0.00482
50 Year 4.25267 -0.45158 -0.22865 0.08342 0.04587 -0.03212 0.00480
80 Year 4.31736 -0.45066 -0.23136 0.08408 0.04649 -0.03248 0.00486

100 Year 4.34755 -0.45468 -0.22641 0.08273 0.04525 -0.03174 0.00475
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FE 3, A sub basin — Changes in flow velocity and flood level according to the slope and roughness coefficient

Downward Slope Station(NO.)

(15%) 1 2 3 4 5 6 7 8 9 0o 1 12 B W 1516

Roughness  Floodstage 2666 270.0 2729 2759 2789 2819 2849 2873 2911 2947 2983 3019 3055 309.0 3115 3143
Coefficient

0050 Fowvlocy 174 174 17 174 174 194 174 14 174 1% 1M 174 1M 174 L4 17

Roughness  Floodstage 2666 270.0 2729 2759 2789 2819 2849 2873 2911 2947 2983 3019 3055 309.0 3115 3143
Coefficient

(0040)  Flowvelocity 174 174 174 174 14 174 174 L4 174 174 174 174 174 14 14 L

Roughness  Floodstage 2666 270.0 2729 2759 2789 2819 2849 2873 2911 2947 2983 3019 3055 309.0 3115 3143
Coefficient

(0033  Flowvelocity 174 174 174 174 14 174 174 L 174 174 174 174 174 14 14 L4

Roughness  Floodstage 2666 270.0 2729 2759 2789 2819 2849 2873 2911 2947 2983 3019 3055 309.0 3115 3143
Coefficient

(0025)  Flowvelocity 174 174 {1 Z S W S S W S W S O S O /S O [ O R /S WV W O W/ S W

Downward Slope Station(NO.)

(5%) 1 2 3 4 5 6 7 8 9 (O S S VA TS U S U R [

Roughness  Floodstage 2993 3003 3013 3023 3033 3043 3053 3061 3073 3083 3093 3103 3113 3124 3133 3143
Coefficient
(0.015(1))n Flowvelocity 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174

Roughness  Floodstage 2993 3003 3013 3023 3033 3043 3053 3061 3073 3083 3093 3103 3113 3124 3133 3143
Coefficient

(004p)  Flowvelocity 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 14
Roughness  Floodstage 2993 3003 3013 3023 3033 3043 3053 3061 3073 3083 3093 3103 3113 3124 3133 3143

Coefficient

(0033)  Fowvelocity 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174 1
Roughness  Floodstage 2993 3003 3013 3023 3033 3043 3053 3061 3073 3083 3093 3103 3113 3124 3133 3143

Coefficient
(0025  Flowvelocity 74 174 174 174 174 174 174 174 174 174 174 174 174 174 174 174

Downward Slope Station(NO.)

(%) 12 3 4 5 6 7 8 9 1 1 1 1B 4 15 16

Roughness  Floodstage 3115 3117 3119 3121 3123 3125 3127 3128 3131 3133 3135 3137 3139 3141 3143 3145
Coefficient
0.050) Fowvelocity 112 111 113 L12 112 112 112 112 112 L12 L12 112 112 111 109 LI2

Roughness  Floodstage 3114 3116 3118 3120 3122 3124 3126 3128 3130 3132 3134 3136 3138 3140 3142 3144

Coefficient
(004p)  Flowvelocity 129 127 130 129 129 129 129 129 129 129 119 129 129 128 125 130

Roughness  Floodstage 3114 3116 3118 3120 3122 3124 3126 3127 3130 3132 3134 3136 3138 3140 3142 3144

Coefficient
(0033 Fowvelocity 145 143 148 145 146 146 146 146 145 146 146 146 146 144 140 147

Roughness  Floodsiage 3113 3115 3117 3119 3121 3123 3125 3127 3129 331 3133 335 337 3140 3141 3143
Coefficient
oo Foweocy 173 LB 1% 1B L4 LB 4 LB LB WK 1B 1% LB 1B 10 L
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Downward Slope Station(NO.)
(15%) 1 2 3 4 5 6 7 8 9 10 11
Roughness  Flood stage 2649 268.2 2719 278.2 2813 285.8 287.8 2914 295.0 298.5 302.1
Coefficient
0.050)  Flow velocity 1.04 1.04 123 123 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Roughness  Flood stage 2649 268.2 2719 278.2 2813 285.8 287.8 2914 295.0 298.5 302.1
Coefficient
0.040)  Flow velocity 1.04 1.04 123 123 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Roughness  Flood stage 2649 268.2 2719 278.2 2813 285.8 287.8 2914 295.0 298.5 302.1
Coefficient
0.033)  Flowvelocity 1.04 1.04 123 123 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Roughness  Flood stage 2649 268.2 2719 278.2 2813 285.8 287.8 2914 295.0 298.5 302.1
Coefficient
0,025  Flowvelocity 1.04 1.04 123 123 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Downward Slope Station(NO.)
(5%) 1 2 3 4 5 6 7 8 9 10 11
Roughness  Flood stage 2945 294.8 295.8 296.8 2987 301.1 301.3 301.7 3027 303.7 304.7
Coefficient
0050  Flowvelocity 104 104 13 13 104 104 104 104 104 1.04 104
Roughness  Flood stage 2945 2948 295.8 296.8 2987 301.1 301.3 301.7 3027 303.7 304.7
Coefficient
00d)  Fowvelociy 104 104 13 13 104 104 104 104 104 1.04 104
Roughness  Flood stage 2945 2948 295.8 296.8 2987 301.1 301.2 301.7 3027 303.7 304.7
Coefficient
0033 Fowveoctyy 104 104 123 13 104 104 104 104 104 104 104
Roughness  Flood stage 2945 2947 295.8 296.8 2987 301.1 301.2 301.7 302.7 303.7 304.7
Coefficient
0025 FHowvelocity 104 104 13 13 104 104 104 104 104 1.04 104
Downward Slope Station(NO,)
(1%) 1 2 3 4 5 6 7 8 9 10 11
Roughness  Flood stage 302.9 303.1 3033 303.6 303.9 304.2 3043 3045 3047 304.9 305.1
Coefficient
0.050)  Flow velocity 0.61 0.64 0.86 0.86 0.61 0.61 0.63 0.63 0.63 0.63 0.63
Roughness  Flood stage 302.8 303.0 303.3 303.6 303.9 304.1 3042 304.4 304.6 304.8 305.0
Coefficient
00d) Fowvelocty 069 074 0% 0% 070 07 e S 7 17/ S ¥ 7 S /)
Roughness  Flood stage 302.8 303.0 303.3 303.6 303.9 304.1 3042 304.4 304.6 304.8 305.0
Coefficient
0.033)  Flow velocity 0.77 0.84 1.09 1.09 0.77 0.77 0.82 08 0.82 0.81 0.81
Roughness  Flood stage 302.8 303.0 303.2 303.5 303.8 304.1 304.2 304.4 304.6 304.8 305.0
Coefficient
0,025  Flow velocity 0.89 1.02 1.23 1.3 0.90 0.9 0.99 0.94 0.98 0.94 0.98
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FE 5, C sub basin — Changes in flow velocity and flood level according to the slope and roughness coefficient

Downward Slope Station(NO.)

(5% 12 3 4 5 6 7 8 9 10 1 12 1B 4 15 I
Roughness  Floodstage 2830 2862 2893 2913 2948 12963 2979 12993 3025 3051 3076 3103 3137 3175 303 344
C‘}Eff)‘fg?m Flowvelocity 162 162 162 16 16 16 16 16 16 16 16 161 16 16 16 16
Roughness  Floodstage 2830 2862 2893 2913 2948 12963 2979 1293 3025 3051 3076 3103 3137 3175 303 344
C‘}Eff)‘igim Flowvelocity 162 162 162 16 16 16 16 16 16 16 16 161 16 16 16 16
Roughness  Floodstage 2830 2862 2893 2913 2948 12963 2979 1293 3025 3051 3076 3103 3137 3175 303 344
Ciéfé‘;?m Flowvelocity 162 162 162 16 16 16 16 16 16 16 16 16 16 16 16 16
Roughness  Floodstage 2830 2862 2893 2913 2948 12963 2979 1293 3025 3051 3076 3103 3137 3175 303 344
Ciéff)‘;;?m Flowvelocity 162 162 162 16 16 16 16 16 16 16 16 16 16 16 16 16

Downward Slope Station(NO.)

G 12 3 4 5 6 7 8 9 0 11 1 B W 15 16
Roughness  Floodstage 3103 3109 3119 3129 3146 3149 3159 3169 3186 3191 3199 3209 3226 3229 344 357
C(’(Sfﬁﬁgim Fowvelocity 162 162 16 162 16 16 16 16 163 16 162 161 160 160 161 16l
Roughness  Floodstage 3102 3109 3119 3129 3145 3149 3159 3169 3186 3190 3199 3209 3226 329 344 356
C(’(Sfﬁigim Fowvelocity 162 162 16 16 16 16 16 16 163 16 162 161 160 160 161 16l
Roughness  Floodstage 3102 3109 3119 3129 3145 3149 3159 3169 3186 3189 3199 3209 3225 3029 344 3056
C(’(Sfﬁ;;im Fowvelocity 162 162 16 16 16 16 16 16 163 16 162 161 160 160 161 16l
Roughness  Floodstage 3102 3109 3119 3129 3144 3149 3159 3169 3186 3189 3199 309 3125 3229 344 355
Ciﬁ%ﬁ;ﬁm Fowvelocity 162 162 16 162 16 16 16 16 163 16 162 161 160 160 161 16l

Downward Slope Station(NO.)

(1%) 1 2 3 4 5 6 7 8 9 10 11 12 1B 4 15 16
Roughness  Floodstage 333 3135 337 338 341 343 345 346 3050 351 353 354 35T 3059 360 3263
Co((e)fg,c(l)jm Fowvelocity ~ 103 103 104 103 103 104 103 105 09 098 103 103 103 104 105 102
Roughness  Floodstage 332 3134 3236 3137 340 3242 344 346 349 350 352 3053 356 3058 360 3262
Co((e)fgi(l)jm Fowvelocty 118 119 119 119 119 119 119 1201 115 115 119 119 119 119 12 117
Roughness  Floodstage 332 3134 3236 3137 340 3242 344 346 349 350 352 353 356 058 359 362
Co((e)fg%jm Fowvelocity ~ 133 135 134 134 135 13 135 136 134 134 13 13 13 135 136 131
Roughness  Floodstage 3231 333 335 3136 339 341 343 345 349 349 351 353 355 35T 359 361
Co((e)fgzcﬁm Flowvelocity 158 160 159 159 161 158 161 161 164 164 160 160 161 158 160 151
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