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Abstract

This study aims to evaluate the effect of the 2017 flood on design flood estimation at Mushim River in
Cheongju. The design floods were estimated in two cases (CASE 1 and CASE 2) and compared to each
other using hydrological data from 1967 to 2016 and 1967 to 2017, respectively. The FARD model was
used to estimate the probable rainfall, and the HEC-HMS model was calibrated based on 15 flood events.
All calibrated parameter sets were applied to the two cases to estimate the design flood. The range of
the design flood was estimated from 364.9 to 1,231.6 m®/s for Case 1, while from 431.0 to 1,455.0 m¥/s
for CASE 2. The finding that the design flood of CASE 2 was approximately 18% greater than that of CASE
1 indicates that the flood event on July 16", 2017 increased the design flood in this river by 66.1 ~ 412.4
m®/s. The observed peak discharge on July 16" 2017 (1,028.5 m%s) was below the current target design
flood (1,355 m°/s) but the maximum estimated design flood in CASE 2 was greater than the current target,
which confirmed an increase of flood risk.

Key words: rainfall-runoff model, calibrated parameter, Mushim river, design flood
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Table 1. Catchment characteristics of subcatchments at Mushim river

in Cheongju
No, | Name of stream ([Ei?) L?;igh Sg;_ [i%R)
@) Youngun 8.71 5.87 68.6 22.39
® Wolun 10,87 8.85 61.6 7.08
® Hangye 13.80 6.75 71.9 2.90
@ Mushim (sub) 27.96 14,23 77.4 3.72
® Mipyeong 18.10 8.99 70.9 22.10
® | Mushim (main) | 86.93 | 27.72 70.5 14.49
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Table 2. 15 observed flood events since 2000 at Mushim River in Cheongju

Flood 15 observed flood events since 2000

events Start date End date
1 2002-08-31 2002-09-02
2 2005-08-21 2005-08-24
3 2007-07-09 2007-07-12
4 2007-07-23 2007-07-26
5 2007-09-14 2007-09-17
6 2010-08-15 2010-08-17
7 2010-09-05 2010-09-07
8 2011-07-03 2011-07-05
9 2012-07-18 2012-07-20
10 2012-08-30 2012-09-01
1 2013-07-02 2013-07-04
12 2014-08-10 2014-08-11
13 2014-09-23 2014-09-25
14 2015-06—-25 2015-06-27
15 2017-07-15 2017-07-17
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Figure 2. Flood characteristics of 15 observed flood events since 2000 at Mushim River in Cheongju

1 B — Rainfall b Table 3. Flood characteristics of the flood event on 16™ July 2017
U H —— Runoff |
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T 80 / \ o
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Figure 3. Flood hydrograph on 16™ July 2017 at Mushim River in Cheongju P5(mm/5day) 57 3
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Table 4. Probable rainfall by return periods at Mushim River in

Cheongju
Probable rainfall by return periods(mm)
Duration 100 year 200 year 500 year
(hr) oS | cASE | CASE | CASE | CASE | cASE
1 2 1 2 1 2
1 69.1 73.2 75.1 79.7 82.2 87.7
2 100.4 | 109.2 | 109.5 | 119.5 | 1214 | 132.9
3 130.5 | 143.8 | 142,0 | 1571 | 1579 | 1754
4 150,0 | 169.8 | 163.5 | 186.1 | 1817 | 208.0
6 1739 | 1942 | 189.8 | 2129 | 210.4 | 237.3
9 198.8 | 217.6 | 216.5 | 238.1 | 239.9 | 265.0
12 223.0 | 240.9 | 243.3 | 263.7 | 270.0 | 293.7
18 252.8 | 268.6 | 2756 | 293.5 | 305.5 | 326.3
24 269.8 | 2841 |293.7 | 310.1 | 3252 | 344.1
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Table 5. Calibrated results using HEC-HMS model based on 15

observed flood events since 2000 at Mushim River in Cheongju

Flood Observed data Calibrated results
events | Feak d%scharge Peak di'scharge PRMSE
(m*/s) (m*/s) (m*/s)
1 248.8 238.5 10.9
2 204.2 163.5 28.9
3 93.1 51.6 21.3
4 817.9 89.0 6.0
5 228.8 259.8 21.8
6 197.8 189.2 15.6
7 95.1 61.4 14.7
8 61.8 42.9 13.1
9 31.8 36.8 3.7
10 209 172.8 217.0
1 817.6 491 14.2
12 80.5 47.6 15.3
13 63.9 106.1 28.3
14 46.5 46.2 6.5
15 1028.5 1004.2 98.8
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Table 6. Calibrated result of model parameters using HEC-HMS model
based on 15 observed flood events since 2000 at Mushim River in Cheongju

a) Calibrated time of concentration (T,) by subcatchments

Flood Subcatchments

events 1 9 3 4 5 6
1 1.74 1.53 1,25 | 1217 | 1,58 | 4.30
2 L1 0,99 | 0,83 | 5.52 1.05 1.95
3 1.83 0.99 1.22 3.75 1.66 4,22
4 11 0.99 1,22 | 12,85 | 1,05 1,33
5 1.83 1,57 1,88 | 12,85 | 1.66 3.86
6 1,14 1,46 1,22 | 12,81 | 1,54 4,22
7 11 0.99 1.22 3.75 1.54 4,22
8 11 0.99 1,22 3.75 1,05 1,33
9 11 0.99 1.88 | 12,23 | 1.05 1.33
10 1.83 1.57 1.22 3.75 1,66 2,87
11 11 0.99 1.22 5,52 1.05 1,95
12 11 0.99 1.22 8.1 1,05 1,33
13 1,15 1,02 9.56 | 19.46 | 1.08 6.88
14 11 0.99 | 2,84 | 12,85 | 1,05 1.95
15 0.69 1.32 421 | 1919 | 0,71 1,33

b) Calibrated storage coefficient (S.) by subcatchments

Flood Subcatchments

events 1 2 3 4 5 6
1 0.69 | 0.69 2,49 1.45 0.92 1,73
2 0.48 | 0.46 1.26 0.65 0.42 0.54
3 0.69 | 0.46 1.26 0.96 | 0,96 1.17
4 0.48 | 0.46 | 9.55 3.35 0.42 1,73
5 0.68 | 0,46 | 4,28 3.35 1,37 1,65
6 0.66 | 0.66 1.26 2.18 0.89 1n
7 0.66 | 0.46 1.26 0.96 | 0.89 0.79
8 0.48 | 0.46 1,26 0.96 0.41 117
9 0.48 | 0.46 417 1.45 0.42 117
10 0.1 0.71 1.26 1.41 0.91 117
1 0.48 | 0.46 1,26 0.65 0.42 0.54
12 0.44 | 0,44 1,31 0.89 | 0,44 | 0.89
13 0.02 0.72 | 1521 | 7,90 | 0,67 4,38
14 0,48 | 0,46 | 6.42 3.35 0.42 2.76
15 0.40 | 0,59 | 15,83 | 5.07 1.19 6.32

c) Calibrated Muskingum-K by reaches

Flood Reaches

events 1 2 3 4
1 2,77 1.12 0,02 0.04
2 0.84 0.34 0.02 0.04
3 1,24 1,07 0.02 0.04
4 2,88 1,07 0.02 0.04
b 2.88 1.13 0,02 0.04
6 0.84 1.07 0.02 0.04
7 1,24 1,07 0.02 0.02
8 1,24 1,07 0.02 0.04
9 2.68 0,34 0,02 0,02
10 1.24 1.07 0.02 0.04
11 0.84 0.34 0.02 0.03
12 0,84 0.34 0.02 0.03
13 2.88 1,75 0.12 0,02
14 2.88 0.34 0.02 0.04
15 4,30 0.50 0.02 0.04
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Table 7. Average of calibrated model parameters of HEC-HMS model

a) Average calibrated model parameters by subcatchments

Subcatchments 1 2 3 4 5 6
T (hr) 1.27 | 1,16 | 2,15 | 9,90 | 1.25 | 2.87
S¢ (hr) 0,52 | 0,53 | 454 | 2,31 | 0,72 | 1,85

b) Average calibrated model parameters by reaches

Reaches 1 2 3 4

Muskingum K (hr) 1.97 0.84 0.03 0.03
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Figure 4. Estimated design flood of 6 hour duration 100 year return period by parameter sets at Mushim River in Cheongju
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Table 8. Estimated design flood of 6 hour duration 100 year return

period by parameter sets at Mushim River in Cheongju

Parameter sets

Design flood (m®/s)

CASE 1 CASE 2

Flood events 1 528.9 626.3
Flood events 2 1231.6 1455.0
Flood events 3 775.9 915.8
Flood events 4 701.2 833.0
Flood events 5 546.0 646.9
Flood events 6 571.5 677.1
Flood events 7 805.4 950.8
Flood events 8 878.7 10422
Flood events 9 1006.2 1189.7
Flood events 10 847.5 10021
Flood events 11 12225 1444 2
Flood events 12 1167.7 1379.1
Flood events 13 364.9 431.0
Flood events 14 661.3 784.3
Flood events 15 4871 578.4
Equation 858.1 101387
Average 595.0 1007 4
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Note
No,25+170
No,25+190

42.05
42.06

ZH

Project water elevation (EL,m)

1,355
1,600
% Source: Data from Chungcheongbuk—do(1990) and Cheongju—si (2012)

Design flood (m®/s)

Name

Table 9. 100 year return period design flood and project water elevation at Cheongju water level station
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