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Inundation Analysis of Agricultural Basin Considering Agricultural
Drainage Hydrological Plan and Critical Rainfall Duration
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ABSTRACT

KDS (Korean Design Standard) for agricultural drainage is a planning standard that helps determine the appropriate capacity and type of drainage
facilities. The objective of this study was to analyze the inundation of the agricultural basin considering the current design standard and the critical
rainfall duration. This study used the rainfall durations of 1-48 hour, and the time distribution method with the Chicago and the modified Huff model.
For the runoff model, the NRCS (Natural Resources Conservation Service) unit hydrograph method was applied, and the inundation depth and duration
were analyzed using area-elevation data. From the inundation analysis using the modified Huff method with different rainfall durations, 4 hours showed
the largest peak discharge, and 11 hours showed the largest inundation depth. From the comparison analysis with the current method (Chicago method
with a duration of 48 hours) and the modified Huff method applying critical rainfall duration, the current method showed less peak discharge and lower
inundation depth compared to the modified Huff method. From the simulation of changing values of drainage rate, the duration of 11 hours showed
larger inundation depth and duration compared to the duration of 4 hours. Accordingly, the modified Huff method with the critical rainfall duration
would likely be a safer design than the current method. Also, a process of choosing a design hydrograph considering the inundation depth and duration
is needed to apply the critical rainfall duration. This study is expected to be helpful for the theoretical basis of the agricultural drainage design standards.
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Fig. 1 Time distribution methods used in this study (Chicago, modified—Huff)
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Fig. 2 Simulation results of peak discharge, inundation depth, and inundation duration according to rainfall

durations with modified Huff method

Table 1 Modeling results depending on different rainfall durations

Time Duration (hr) Probability rainfall Inundation Peak discharge | Inundation depth | Inundation area

distribution (mm) duration (hr) (CMS) (m) (ha)
1 78.6 0 92.0 4.22 174

2 114.6 0.00 1131 4.88 26.2

3 139.1 2.96 129.6 5.42 57.3

4 160.5 444 158.2 5.62 811

5 175.6 5.55 154.7 574 99.7

6 188.6 6.10 1442 5.79 108.5

7 199.7 6.47 142.3 5.82 1135

Modified Huff 8 209.8 7.03 135.1 5.84 116.7
9 220.6 7.40 127.2 5.86 120.0

10 227.8 7.96 122.6 5.86 120.0

11 2336 8.32 116.6 5.86 120.0

12 240.6 8.32 1108 5.85 1183

15 261.1 8.70 96.9 5.81 111.9

18 277.2 8.70 86.4 574 99.7

24 307.1 7.58 70.0 5.55 723

48 362.5 0.00 40.7 2.90 3.1

Chicago 48 362.5 10.36 116.6 5.62 81.1
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Fig. 3 Modeling results of hydrograph and inundation depth for different rainfall durations (Pump = 40 CMS)
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duration discharge depth duration duration discharge depth duration
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30 5.84 6.1 12 110.8 6.12 118
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Fig. 4 Comparison simulations of inundation depth depending on the different drainage rate and rainfall duration
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