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ABSTRACT

Determination of the time parameters such as the travel time in the design flood is very important. The travel time is mainly used for
flood and river management, and the travel time of non flood season is used for maintenance flow and management of the river.
Estimation of travel time for natural rivers is mainly based on the geomorphological factors of the basin. In addition to the topographical
factors, the travel time is calculated by considering the factors of the runoff curve, velocity and rainfall intensity. However, there is no
study on the estimation of travel time considering both the rainfall condition and the soil moisture accounting by the frequency period.
Therefore, the travel time calculation is divided into the case of setting the Hwanggang Dam and the Imjin bridge water level station
of Imjin river as the natural river considering rainfall condition by the frequency period and the soil moisture accounting, and the case
of traveling the Imjin bridge water level station according to the condition of outflow of the Hwanggang Dam. For the sections set as
natural rivers, the results were verified by comparing with the newly developed travel time calculation method. Based on the results,
the travel times of the Hwanggang Dam outflow conditions were calculated. The time to travel in this study can be secured flood control
of the Imyjin river basin and time to prepare for danger when outflowing the the Hwanggang Dam.

Key words : Travel time, Soil moisture accounting, Rainfall conditions by frequency, Dam outflow conditions
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Table 1. Results of Water Balance Analysis (Imjin Bridge Water Level Station, Average)

Elements Runoff depth (mm) | Ratio (%) Remarks
Inflow Rainfall 1,374.0 - Rainfall data analysis
Runoff 765.4 55.7 Water level observation data and discharge conversion result
Outflow Evapotran-spiration 444.8 324 FAO Penman-Monteith equation application
Gr::;ﬁ‘;:;a:er 163.8 119 Estimation
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Table 2. Comparison of Observed Runoff and Simulated Runoff (1999~2000, 2001~2005)

1999~2000 2001~2005
Items Remarks
Totality Validity Totality Validity
Total Xrursloff - 48.9 - 170.6 © Number of unmeasured
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Simulated (10°m’)
value
Runoff depth 13145 1,138.7 42524 4,069.5
(mm)
Total runoff
- 98.5 - 100.9
Ratio (%) (10°m’) o Simulated value
° Runoff depth /Observed value
P . 98.5 ; 100.9
(mm)
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Fig. 5. Comparison of Observed Hydrograph and Simulated Hydrograph (Imjin Bridge Water Level Station)

Table 3. Statistical Analysis of Calibration and Verification Period

2005710701

Rainfall{mm)

Items NSE RMSE (m’/s) MAE (m’/s) RE (%) R?
Calibration (1999~2000) 0.740 246.573 84.091 1.466 0.755
Verification (2001~2005) 0.780 170.942 58.798 0.900 0.782
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Table 4. Results of Travel Time (Formula that Considers Only Topographical Factors and Velocity)

Value (hour)
Items Formula (min) Remarks HG.D 1J.B
(b)-(a)
(@ (®
(LN)0-467 » Basin area : within 0.04km?>
K T =36.264— . s 5.5 7.5 2.0
erby ¢ 502335 » River length : within 0.4km
LT » Cropland small basin, where the surface flow is dominant
Kirpich T, = 3.976 W » River channel slop : 3~5% 43 7.1 29
h » Basin area : within 0.453km’
L » Upstream surface flow is dominant
i T.= 0.833 — . . .
Rziha ¢ S0 » Basin with a channel slop less than 1/200 35 7l 37
L » Middlestream and downstream surface flow is dominant
K 1 T. = 0444 ——— 1. . 1.
raven (1) ¢ 50515 » Basin with a channel slop less than 1/200 7 33 6
» Applied velocity of slope of natural river V=21m/s| 165 254 8.9
L —85<1/200: V=2.1m/s
Kr: 11 T. = 16.667— V=3.0 11.5 17.8 6.2
aven (ID ¢ v —1/200 < §<1/100: V=3.0m/s /s
—5>1/100: V=3.5m/s V=35m/s| 99 15.2 53
>
Steep S'°pe(s>3/ 3??34 Vo 77 | 118 | 41
— V=4.592—— vV .. =45
Continues type T, = 16667 SR Steepslope | 7.6 | 118 | 42
Kraven ¢ Py » Mild slope(S < 3/400) P S1op ' : :
— V= 35,151.51557— 79.393939.5+ 1.6181818
Vo= Lom/s V.. 216 | 333 | 117
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Table 5. Results of Travel Time (by Frequency or Soil Moisture Accounting)

Jeong et al: Yoo et al. This study
Frequency formular (detailed) formular
(year) |HGD| IUB | (b-a) | HGD | 1B | (d-) HG.D (e) 1I.B () (f-e) (hour)
(a) (b) | (hour) | (o) (d) | (hour) | 10% | 50% | 90% | 10% | 50% | 90% | 10% | 50% | 90%
2 190 | 288 | 98 | 135 8.2 53 | 368 | 368 | 368 | 414 | 41.1 | 406 | 46 | 43 3.8
5 176 | 267 | 9.1 11.8 7.1 47 | 352 | 352 | 342 | 393 | 391 | 374 | 41 39 | 32
10 168 | 256 | 88 | 109 6.6 43 | 340 | 341 | 323 | 377 | 376 | 351 | 38 | 36 | 27
20 16.1 | 245 | 84 | 102 6.1 41 | 328 | 330 | 306 | 362 | 362 | 329 | 34 | 33 23
30 157 | 239 | 82 9.8 59 39 | 322 | 323 | 296 | 354 | 354 | 317 | 32 | 3.1 2.1
50 153 | 233 | 8.0 9.4 5.6 38 | 313 | 316 | 284 | 344 | 345 | 302 | 30 | 29 1.9
80 149 | 227 | 7.8 9.0 5.4 36 | 306 | 308 | 273 | 334 | 336 | 302 | 28 | 27 1.6
100 147 | 224 | 78 8.9 53 36 | 303 | 305 | 268 | 33.0 | 332 | 284 | 27 | 26 1.5
200 142 | 216 | 74 8.5 5.1 34 | 292 | 295 | 254 | 317 | 319 | 266 | 25 2.4 12

o] A3 FAo g 2 E EEA TR o] =S S o] 27| ke FSe) sk AU FE Rt BUE dhe
HEIe gholet & g ok 2Pl B o] AlAE ARt 288kt

APk thdre] Al e AR AREe Adst ol2f3t o]f= FZIAPT 100% Eshe EgE~dee] =4
T B3E A87 Aolng A s & ukgslaL glem, < Foldt Ao m W 7o) B Sies FUHo] fE0l
A5 2719 B A g s ARe 7RAL ok WYSh= RS BARE Zlolnk o2 A W] s

34 WY XY SHARE A Ao Aol PRFY 7 FAP) ARG & 5

A 27 B 2 S00mP-10000me] 1) 22 ARk IR e Aol olefat xale] AR frol4e
OR WFIAGS A HASTY YT £9BSA) vAE Zhevhl I 5 9drk delw 5 R Rrde) s
AERBLARE 5 ERARNS AHSETE SRR e e u ejaas T3] A3 ke S8k
13 Bl Y WRASE 2 P9-iE BS olgSIe.  AS-RE B deEs) B AR RIow B
o, Bapt QR peRER 0 B A st glopl, mel/RE ek B sk eisieka Zhgsigi

o] Aot Azlul S91aEso] tisl A EURdE RolfEwke] Ae AFRERe] A SR HE IS
ARY R wiies IR ARSER, dSrel akse] Al w7hA] Wk ARYEii o, ojme] HFREHYARE, S mEARE

TS Fredwiae] 33.3% (S} lal 9ESa 71 <= APgslinkKim, 2018).
& 1,406.31km’ ) S Agslon, 5o} sl Table 6} 22o] &Fgde] WHie 28 =AREe 13ARK R

Table 6. Calculation of Peak Runoff and Travel Time of the Imjin Bridge Water Level Station by Outflow Conditions of the Hwanggang Dam
(the Basin Rainfall Inclusion)

Imjin bridge water level station Imjin bridge water level station
Outflow Rainfall Peak . Section average | Outflow Rainfall Peak . Section average
(m’/s) (mm) mr{off Tregzlutrl)m © velocity (m’/s) (mm) mr{off Trezzzlutrl)me velocity
(m’/s) (m/s) (m’/s) (m/s)

500 35.0 500.7 13 1.44 6,000 157.2 5,999.7 5 3.74
1,000 54.1 1,001.6 9 2.08 7,000 169.7 7,003.4 4 4.68
2,000 80.0 2,000.8 7 2.67 8,000 180.8 8,001.0 4 4.68
3,000 106.8 3,002.1 6 3.12 9,000 191.7 9,003.1 4 4.68
4,000 125.3 3,999.4 5 3.74 10,000 202.5 10,004.5 4 4.68
5,000 141.2 4,998.6 5 3.74
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