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Numerical simulation of flood water level in a small mountain stream considering
cross-section blocking and riverbed changes - A case study of Shingwangcheon
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Abstract

Small and medium-sized mountain rivers that flow through steep, confined valleys carry large amounts of coarse-grained sediment and
woody debris during floods. It causes an increase in flood water level by aggrading the riverbed and the cross-section blockage due to
driftwood accumulation during flooding. However, the existing flood level calculation in the river basic plan does not consider these
changes. In this study, using the Typhoon Hinnamnor flood in September 2022 as an example, we performed numerical simulations using
the HEC-RAS model, taking into account the blockage of a cross-section at the bridge and changes in riverbed elevation that occurred during
floods, and analyzed the flood level to predict flood risk. This study's results show that flooding occurs if more than 30% of the cross-section
is blocked. The rise of flood water levels corresponds to that of the riverbed due to sediment deposition. These results can be used as basic
data to prevent and effectively manage flood damage and contribute to establishing flood defense measures that consider actual phenomena.
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Fig. 3. Cross-section of the study sites before and after the flood from drone-based DSM (a) No.2+600 (b) No.2+700 (Lee et a/., 2023)
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Table 2. Simulated water level at Hangsa-gyo bridge
80 year 200 year Estimated peak
Water Level (m) | Freeboard (m) | Water Level (m) | Freeboard (m) | Water Level (m) | Freeboard (m)
Without Bridge 69.09 - 69.35 - 69.18 -
10% (Current) 69.42 0.96 69.67 0.71 69.48 0.9
20% 69.8 0.58 70.07 0.31 69.87 0.51
30% 70.09 0.29 70.39 -0.01 70.16 0.22
40% 70.38 0 70.6 -0.22 70.47 -0.09
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Fig. 4. Longitudinal water level profile at different percentage of cross-section blockage according to simulation conditions (a) 80-year flood
(b) 200-year flood and (c) actual peak flood at 6th Sep. 2022
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Table 3. Simulated water level at Hangsa-gyo bridge considering riverbed deposition

Main Channel 80-year with Deposition 200-year with Deposition Estimate Peak with Deposition
Distance(m) | 05m | 1.0m | 15m | 20m | 05m | 1.0m | 15m | 20m | 05m | 1.0m | 15m | 20m
2,701 0.498 0.996 1.494 1.990 0.498 0.995 1.492 1.986 0.498 0.996 1.494 1.987
2,761 0.495 0.989 1.487 1.973 0.494 0.994 1.478 1.959 0.495 0.987 1.490 1.964
2,800 0.491 0.982 1.462 2.017 0.489 0.973 1.484 2.063 0.490 0.981 1.459 2.030
2,815.1 0.116 0.571 1.051 1.606 0.146 0.630 1.141 1.719 0.121 0.587 1.065 1.636
2,819.9 0.220 0.506 0.958 1.404 0.257 0.535 0.984 1.413 0.231 0.514 0.965 1.407
2,820 0.220 0.506 0.958 1.404 0.257 0.535 0.984 1.413 0.231 0.514 0.965 1.407
2,905 0.185 0.444 0.874 1.312 0.221 0.477 0.907 1.342 0.195 0.453 0.883 1.318
3,005 0.042 0.170 0.497 0.889 0.047 0.187 0.517 0.907 0.045 0.177 0.506 0.895
3,105 -0.025 | -0.090 | -0.153 | -0.029 | -0.029 | -0.105 | -0.172 | -0.048 | -0.027 | -0.095 | -0.159 | -0.036
3,205 0.000 0.000 -0.003 | -0.003 0.000 0.000 -0.003 | -0.007 0.000 0.000 -0.003 | -0.003
e
i
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Fig. 5. Longitudinal water level profile for different riverbed deposition condition (a) 0.5 m (b) 1.0 mand (c) 1.5 m
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