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Watershed-based PMF and Sediment-runoff Estimation Using Distributed Hydrological Model
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Abstract

Probable Maximum Flood (PMF) is mostly applied for the designs of large-scale hydraulic structures and it is estimated by computing the runoff
hydrograph where Probable Maximum Precipitation (PMP) is inserted as design rainfall. The existing PMP is estimated by transferring the heavy rainfall
from all watersheds of korea to the design watershed, however, in this study, PMP was analyzed by selecting only rainfall events occurred in the design
watershed. And then, Catchment-scale Soil Erosion Model (CSEM) was used to estimate the PMF and sediment-runoff yield according to the
watershed-based estimated PMP. Although the PMF estimated in this study was lower than the existing estimated PMF in the Yongdam-dam basin, it was
estimated to be higher than the 200-year frequency design flood discharge. In addition, sediment-runoff yield was estimated with a 0.05 cm of the
maximum erosion and a 0.06 cm of the maximum deposition, and a total sediment-runoff yield of 168,391 tons according to 24-hour PMP duration.
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Fig. 1 Catchment Map of Yongdam—dam

Table 1 Selected Rainfall Events (2002~2014) in Yongdam—dam
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Rainfall Event Year Period of Occurrence Duration (hr)
E1 2002 August 6th 10:00 ~ August 8th 21:00 60
E2 2002 August 31th 13:00 ~ September 1th 19:00 31
E3 2004 August 18th 6:00 ~ August 19th 15:00 34
E4 2005 July 1th 5:00 ~ July 2th 12:00 32
E5 2005 August 2th 11:00 ~ August 3th 12:00 26
E6 2006 July 10th 5:00 ~ July 12th 4:00 48
E7 2007 September 14th 6:00 ~ September 15th 14:00 33
E8 2009 July 14th 7:00 ~ July 15th 7:00 25
E9 2010 July 11th 2:00 ~ July 12th 5:00 28
E10 2010 August 15th 6:00 ~ August 17th 9:00 52
El1 2011 July 9th 0:00 ~ July 11th 5:00 54
E12 2011 August 9th 5:00 ~ August 11th 10:00 54
E13 2012 July 14th 14:00 ~ July 15th 17:00 28
E14 2012 August 12th 15:00 ~ August 13th 22:00 32
E15 2012 September 16th 4:00 ~ September 18th 6:00 51
E16 2013 July 4th 10:00 ~ July 5th 22:00 37
E17 2013 August 22th 18:00 ~ August 24th 21:00 52
E18 2014 August 17th 14:00 ~ August 19th 8:00 43
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o] HAH mi7ig=2] A B7HE AAIsH ] A8l Hr
2 dl oxlEko] @ 215 e = AT 2 2} (Relative Error,

RE), T34 AVRIEe] et S A ahiy] S 4185
=Nash-Sutcliffe F-8&7|4> (Nash-Sutcliffe Efficiency, NSE)
£ o|-23}%th (Egs. 2 and 3).
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U] o] B9AMLE ol 8319
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Table 2 Feasible Parameter Ranges for Model Calibration and Optimal Parameter Values (Yu, 2010)

Parameter Desciption Range of Value
D The depth of total soil layer (mm) 1000
d, The depth of the unsaturated soil layer (mm) 50 ~ 300
d The depth of the saturated soil layer (mm) 1~ 700
k The hydraulic conductivity of the saturated soil layer (m/s) 0.001 ~ 0.1
Ié; The non-linear exponent constant for the unsaturated soil layer (k,/k,,) 2 ~10
Dy, The median grain size (mm) 1~10
k The soil detachability (kg/J) 0.0008 ~ 0.006
o The detachment or deposition efficiency 0.335 ~ 1.0
KE The total kinetic energy of the net rainfall (J/m’) 1~ 30
V.S The critical unit stream power (m/s) 0.002 ~ 0.1
Table 3 Historical Flood Events for Rainfall-Sediment Yield—Runoff Simulation
Event Number Rainfall Duration Total Rainfall (mm) Typhoon Classify
1 2002.08.30.17:00 ~ 09.02.19:00 197.46 Rusa Verification
2003.09.11.21:00 ~ 09.15,16:00 128.24 Maemi Calibration
2007.09.14.06:00 ~ 09.20.14:00 163.15 Nari Verification
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Table 4 Summary of Rainfall-Runoff Performances for the Events

Event ltem Peak Discharge
Simulated (m*/s) 4,265 11
Rusa
NSE 0.96
Observed (m’/s) 2,227
Simulated (m®/s) 2,194.22
Maemi
NSE 0.98
RE (%) 1.47
Observed (m’/s) 1,221.20
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NSE 0.78
RE (%) -19.68
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Table 5 Summary of Sediment—Runoff Performances for the Events

Event Item Peak Sediment Consentration
Simulated (mg/1) 4391
Observed (mg/!) 608.4
Rusa
EI 0.33
RE (%) -38.5
Observed (mg/!) 603.8
) Simulated (mg/1) 478.8
Maemi
EI 0.90
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Fig. 8 Sediment—Runoff Parameter Validation Performances
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Table 6 Comparison between PMF and Design Floods in Yongdam—dam Basin

Division Discharge (m®/s)
PMF Estimation using Existing Method (MOCT, 2004) 10,760
200—Year Flood Frequency using Clark Unit Hydrograph (MLTM, 2009) 4,445
PMF Estimation using Watershed—based PMP and CSEM 7,799
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