I Journal of the Korean Geo—Environmental Society ISSN 1598-0820 (Print)

X — ISSN 2714-1233 (Online)
24(12): 31~38. (December 2023) https://journal.kges.or.kr DOI https:/doi.org/10.14481/jkges.2023.24.12.31

US-9ETHS BEH A7D MX| g%o| YESH EAM S5 ToHw

Analysis of the Runoff Characteristics of Small Mountain Basins Using
Rainfall-Runoff Model Danyanglgyo in Chungbuk

gy oz gy gy

Hyungjoon Chang * Hojin Lee * Kisoon Park * Seonggoo Kim

Received: November 8" 2023; Revised: November 13“’, 2023; Accepted: November 27th, 2023

ABSTRACT : In this study, runoff characteristics analysis was conducted as a basic research to establish a forecasting and warning
system for flood risk areas in small mountainous basins in South Korea. The Danyang 1 Bridge basin located in Danyang-gun,
Chungcheongbuk-do was selected as the study basin, and the watershed characteristic factors were calculated using Q-GIS based on
the digital elevation model (DEM) of the basin. In addition, nine heavy rainfall events were selected from 2020 to 2023 using
hydrometeorological data provided by the National Water Resources Management Comprehensive Information System. HEC-HMS
rainfall-runoff model was used to analyze the runoff characteristics of small mountainous basins, and rainfall-runoff model simulation
was performed by reflecting 9 heavy rainfall events and calculated basin characteristic factors. Based on the rainfall-runoff model,
parameter optimization was performed for six heavy rain events with large error rates among the simulated events, and the appropriate
parameter range for the Danyang 1 Bridge basin, a small mountainous basin, was calculated to be 0.8 to 3.4. The results of this
study will be utilized as foundational data for establishing flood forecasting and warning systems in small mountainous basin, and
further research will be conducted to derive the range of parameters according to basin characteristics.
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Table 1. Catchment characteristics in danyangigyo

Mean SCS-CN
Catchments | 768 | L | width of | FF (AMé m TC | sC
men 2 -
AN om?] | [km] | catchment | [-] [he] | [hr]
[-]
[km]
S1 502|288 | 178 |062| 864 |039] 046

S2 27.34] 8.1 3.38 0.42 86.4 0.7 | 0.83

S3 21.59| 8.85 2.44 0.28 86.7 0.82 | 0.96

S4 1.15 | 1.42 0.81 0.57 86.8 0.19 | 0.23

S5 23.54 | 9.16 2.57 0.28 86.9 0.81 | 0.95

S6 9.71 | 5.34 1.82 0.34 87.1 0.48 | 0.56

S7 40.71 | 8.59 4.74 0.55 85.7 0.79 | 0.94

Table 3. Rating curve equation in danyangigyo
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Table 2. Water—level observatory in danyangigyo

L[km] Observation
Latitude | Longitude | start date

Competent
authority

Catchments

Meteorological

Danyanglgyo | 36-55-52 | 128-20-08 | 2016-11-07 Administration

Application level Material d /
Year bplication feve Rating curve equation aterias used year Note
(m) Nunmber of data
0.30<h=<1.01 Q=24.749*(h-0.300)"2.082 0.43m Below extrapolation
_ 20.01.01 00:10
1.01<h=1.75 Q=27.871*(h-0.350)"2.002
2020 < " - 2020/34 ~
1.75<h=<2.54 Q=65.373*(h-0.820)"2.465 21.01.01 00:00
2.54<h=6.65 Q=92.790*(h-0.700)"1.618 0.43m Above extrapolation
0.18<h=0.58 Q=21.862*(h-0.180)"2.263 0.33m Below extrapolation
- 0.58<h=<1.77 Q=17.944*(h-0.130)"2.350 2020/25 22.01.01 00:10
< - *(h- 2022/1 -
1.77<h=<2.54 Q=65.120*(h-0.820)"2.465 022/17 23.01.01 00:00
2.54<h<6.61 Q=92.431*(h-0.700)"1.618 3.05m Above extrapolation
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Table 4. Rainfall staion in sanyanggun (olsanri)

Rainfall L[km] Observation Competent
station Latitude | Longitude | start date authority
D Meteorological
ANVANSEUN | 36 50-24 | 128-22-20 | 1984.03.05 |  oro08lcd
(olsanri) administration
AR Qe - §EEY S BET 9B AP 919
A 90 B4 el 4 9t B7] B9ANE 413
shs o] Fasic webd 2 AL 95w
ZAAjo] A 2020958 202340] WA ESAME
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EAEQTE el Bl 2 A A9ASAZEE 24417
Ol A|5k, F ZS-Fo] 123mmE FS FSAEAZE B &
o PER 9Tt WA RS BASHT

Table 5. Rainfall characteristics for storm events of danyangigyo

Events Period Duration Rainfall
(hr) (mm)
El 2020.07.30 24 123
E2 2020.09.30 24 87
E3 2021.07.08 ~ 07.09 28 69
E4 2021.08.25 ~ 08.26 48 65
E5 2021.09.01 ~ 09.02 48 63
E6 2022.08.20 24 64
E7 2022.09.05 ~ 09.07 72 106
E8 2023.06.29 ~ 06.30 48 174
E9 2023.08.09 ~ 08.11 72 207
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Fig. 2. HEC-HMS Model construction in Danyangigyo
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Table 6. Results of flood calculation

Observational flow Simulation
Peak-
Events | Ppeak Peak Peak Peak eieghte 4
2 Wi
(m’/s) Occurrence (m3/s) Occurrence
rmse (%)
El 540.03 202007.30 721.5 2020.07.30 33.60
7:00 6:00
B 206.43 2020.09.03 4728 2020.09.03 59.50
5:00 5:00
2021.07.09 2021.07.09
E3 363.99 318.4 12.53
2:00 3:00
B4 126.7 2021.08.25 2298 2021.08.25 81.37
18:00 19:00
ES 266.05 2022.09.01 266.7 2022.09.01 0.24
10:00 10:00
6 151.89 2022.08.20 37 2022.08.20 144.91
8:00 8:00
2022.09.06 2022.09.06
E7 237.39 258.2 8.77
8:00 7:00
2023.06.29 2023.06.30
E8 276.86 23:00 421.6 400 52.28
2023.08.10 2023.08.10
E9 353.21 15:00 817.4 15:00 131.42
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E9 (2023-08-09~ 08-11)

1000 s Table 7. Optimization parameters of storage coefficient in danyangigyo

800 :u Catchments SC T[hr]
1 161
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S3 3.36
s4 3.33
EYYY S5 1.96
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Fig. 3. Comparison of calculated and observed results for storm S7 3.40
E1~E9 (Continued)
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Table 8. Parameter change(Sc*3.5) Optimization

Observational flow Simulation (Optimization)
Events | Peak Peak Peak Peak P.e ak-
(mz/s) Occurrence (m3/s) Occurrence weighted
rmse (%)
2020.07.30 2020.07.30
El 540.03 7:00 507 8:00 6.12
2020.09.03 2020.09.03
E2 296.43 5:00 315.5 6:00 6.43
2021.08.25 2021.08.25
E4 126.7 18:00 177.2 19:00 39.86
2022.08.20 2022.08.20
E6 151.89 2:00 232.8 9:00 53.27
2023.06.29 2023.06.30
E8 276.36 23:00 336.8 4:00 21.65
2023.08.10 2023.08.10
E9 353.21 15:00 610.8 16:00 72.93
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