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Development of Flood Analysis Module for the Implementation of a Web-Based
Flood Management System
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Abstract

This study was to develop the flood analysis module (FAM) for implementation of a web-based real-time agricultural flood management system. The
FAM was developed to apply for an individual watershed, including agricultural reservoir. This module calculates the flood inflow hydrograph to the
reservoir using effective rainfall by NRCS-CN method and unit hydrograph calculated by Clark, SCS, and Nakayasu synthetic unit hydrograph methods,
and then perform the reservoir routing by modified Puls method. It was programmed to consider the automatic reservoir operation method (AutoROM)
based on flood control water level of reservoir. For a 15.7 km® Gyeryong watershed including 472x10* m’ agricultural reservoir, rainfall loss, rainfall
excess, peak inflow, total inflow, maximum discharge, and maximum water level for each duration time were compared between the FAM and HEC-HMS
(applied SCS and Clark unit hydrograph methods). The FAM results showed entirely consistent for all components with simulated results by HEC-HMS.

It means that the applied methods to the FAM were implemented properly.
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Table 1 Parameters and data for a Flood Analysis Module Program

Iltems Methods Parameters

Clark Area, Time of concentration, Storage
Unit coefficient

Hydrograph SCS
Nakayasu |Area, Longest length of flow path

Area, Lag—time

Loss NRCS  |Curve Number (CN-I), AMC condition
| Modified— Initial water level, Target water level for
Reservoir Puls ROM

Elevation—Storage—Discharge function

Gauged [10min~hourly gauged rainfall(average)

Time distribution condition, Total rainfall,
Total Huff cumulative rainfall distribution,
Mononobe n

Hyetograph
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User-defined rainfall

=
=
CALDT, WAREA ® TRAIN, RADURT
UHMODE T
CLKTC, CLKK El HUFFDIST
o

SCSTL, NAKLFL MONONON

rl_LIST OF VARIABLES
CALDT : computation interval (min)
WAREA : Watershed area (km")
UHMODE  : Method code for unit hydrograph

AMC, NRCSCN2
RVINIWL, RVTGWL
RVORD, RWWL
RVST, RVQO

UHMODE

I
[ ]

[[FARRTASOA]

MAXWL : Maximum reservoir water lavel (ELm)
[ UHCOMPOSE [l—[ERAINT————————— | 0 L m i g

CLKTC : Time of concentration (min)

CLKK : Storage coefficient (min)

SCSTL : Lag-time (min)

NAKLFL  : Longest length of flow path (km)
AMC : Antecedent moisture condition
NRCSCN2 @ NRCS Curve Number (AMC-II)
RVINIWL  : Initial water level (ELm)

RVIGWL  : Target water level for ROM (ELm)
RVORD : Number of rows in reservair function table
RVWL : Water level (EL.m)

RVST : Elevation-Storage curve (1000m?)
RVQO : Elevation-Discharge curve (m?/s)
RADT : Rainfall time interval (min)

RAORD : Ordinates of the rainfall hyetograph
VIRAIN : Gauged rainfall data (mm)

TRAIN : Total rainfall (mm)

RADURT : Rainfall duration (min})

RDM : Method code for rainfall distribution

HUFFDIST  : Huff cumulative rainfall distribution
MONONON : Mononobe n
MAXQI : Maximum reservoir inflow (m¥s)

: Maximum reservoir sotrage (1000m*)

MAXQO : Maximum reservoir outflow {m?/s)
[[ uNINTPOL }4[MODPULSAROM ] WIRAIN  : Time series output- Rainfall (mm)
WERAIN  : Time series output- Rainfall excess (mm)
WRVQI : Time series output- reservoir inflow (m3/s)
TRAIN, MAXQL MAXWL, MAXST, MAXQO END WRVWL : Time series output- reservoir water lavel (EL.m)
WIRAIN, WERAIN, WRVQL WRVWL, WRVST, WRVQQO WRVST : Time series output- reservoir sotrage (1000m?)
WRVQO  : Time series output- reservoir outflow (m/s)
. LIST OF SUBROUTINES
CALRKUH : Clark unit hydrograph RAINHUFF : Huff rainfall distribution
SCSUH : SCS unit hydrograph RAINAMONGNOBE : Mononobe rainfall distribution (advanced)
NAKAYASUUH @ Nakayasu unit hydrograph RAINCMONGNOBE : Mononobe rainfall distribution (centered)
EFRAIN : Effective rainfall RAINDMONONOBE : Mononobe rainfall distribution (delayed)
UHCOMPOSE  : Composit flood hydrograph RAINDTRI : Triangular rainfall distribution (descending)
MODPULSAROM : Modified-Puls routing including AutoROM RAINETRI : Triangular rainfall distribution (equilateral)
LsQM : Determine the coefficients in polynomial curve fit RAINATRI : Triangular rainfall distribution (ascending)
LININTPOL : Linear interpolation RAINUNIFRM : Uniform rainfall distribution
Combination of Subroutines for a real-time flood simulation Combination of Subroutines for a user defined fload simulation
| [[_ERAIN_ ] [[ uHcomposE ] o) [ RaNHUFF ][ 5QM ] [[ RAINUNIFRM ] [[ NAKAYASUUH ]
= £
S| [[_cwarkud ] [[ uwmTeoL ] S| [[ramamonONOBE]] [[ RAINDTRL [] [[  EFRAIN ] [[ UHCOMPGSE
2| [[__scsun ] [[MODPULSAROM]] d| [[Rancvononose]] [[ RameTRL  [] [ cLaRku ]| [ oniNTPOL ]
[[ NAKAYASUUH ] [[RAINDMONONOBE]] [[ RAINATRL_[] [[ SCsuH_ | [[MODPULSARGM]|

Fig. 1 Schematic diagram of RESTful web service
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Table 2 Parameters for Geryong reservoir

Area Time of Storage Lag time Length of NRCS—CN Initial Target

concentration coefficient flow path Water Level Water Level
(k) (min) (min) (min) (km) (AMCIIN) (EL.m) (EL.m)
15,74 60.000 51,473 41,89 7.31 84.00 61.00 61.00

Table 3 The relationship between water level,

storage, and discharge on Geryong reservoir

Water Storage | Discharge | Remarks Water Storage | Discharge | Remarks Water Storage | Discharge | Remarks
Level Level Level

(EL.m) | (1,000n") | (m¥/s) (EL.m) | (1,000m") | (m*/s) (EL.m) | (1,000m") | (m*/s)

49,00 0.30 0.0 57.00 2,167.60 0.0 61.80 539490 | 167.28

50.00 33.20 0.0 58.00 2,766.70 0.0 62.00 5,564.20 | 342.57 H.W.L
51,00 117.90 0.0 59.50 3,412.40 0.0 62.20 572098 | 420.39

52,00 258.10 0.0 61.00 4717.70 0.0 N.W.L 62.40 5,895.76 | 506.96

53.00 455,80 0.0 61,10 4,802.40 6.25 62,60 6,061.54 | 595.83

54,00 740.20 0.0 61.20 4,887.00 18.34 62.80 6,227.32 | 690.51

55,00 1,129.00 0.0 61.40 5,056.30 54,83 63.00 6,393.10 | 789.87

56.00 1,612.80 0.0 61.60 522560 | 105,03 64.00 7,347.60 | 1,342.30
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Table 4 Huff cumulative rainfall distribution for a 2nd quartile at Daejeon station (50% probability)

% of duration
Qua. 0 10 20 30 40 50 60 70 80 90 100
1st 0.0 17.9 272 58.2 69.9 79.2 84.3 90.7 95.2 98.4 100.0
2nd 0.0 3.8 15.2 337 56.4 73.2 84.6 90.5 95.8 98.4 100.0
3rd 0.0 2.9 8.1 15.4 26.5 38.7 59.3 80.0 921 97.6 100.0
4th 0.0 2.7 7.3 127 17.4 26.1 35.9 45.0 68.5 1.8 100.0
Table 5 Probability rainfall at Daejeon station (mm)
Vear Duration (min)
10 30 60 120 180 240 360 720 1440
30 26.19 50.65 75.52 110.24 135,09 154,40 183.35 235,14 287.43
50 27.70 53.96 80.95 118.82 145,97 167.10 198.79 255.65 313,13
80 29.11 56.92 85.89 126.73 155,98 178.69 212.69 273.60 335,71
100 29.77 58.35 88.27 130.52 160.78 184.27 219.45 28270 347,65
200 31,78 62.81 95,49 141,94 175.40 201,44 240,49 310.39 381.05
AL 9 Bk T (MLTM, 2011)2] W §-2 Zarsted Qleia 517] 291 202 4 sk Clark TATHIERS §249)
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Table 6 Summary of results by applying Flood analysis module program and HEC-HMS

Total Rainfall SCS Clark Nakayasu
Dur, Rain Loss | Excess Peak Total Peak Max Peak Total Peak Max Peak Total Peak Max
(min) Inflow | Inflow [Release| W.L. Inflow | Inflow [Release| W.L. Inflow | Inflow [Release| W.L

(mm) | (mm) | (mm) ey | (mm) | (nefs) | ELm) | (n/s) | (mm) | (ni/s) | (EL.m) | (mi/s) | (mm) | (m/s) | (EL.m)

Flood Analysis Module

90 120,93 | 43,39 | 77.54 | 260,01 | 7754 | 14546 | 61,733 | 197,74 | 7754 | 116,38 | 61,638 | 141,46 | 77.54 | 80.25 | 61,507

120 | 141,94 | 4510 | 96,84 | 203,73 | 96,84 | 180,02 | 61,836 | 227,63 | 96.84 | 147.36 | 61,739 | 163,14 | 96,84 | 103.44 | 61,594

150 | 159.83 | 46.27 | 113,57 | 313.26 | 113.57 | 207.04 | 61.903 | 246,13 | 113.57 | 170.14 | 61.808 | 177.32 | 113.57 | 122.03 | 61.657

180 | 175.40 | 47.13 | 128,28 | 322,15 | 128.28 | 246.61 | 61.931 | 257.51 | 128,28 | 186.67 | 61.855 | 186.40 | 128.28 | 134.65 | 61.700

210 | 189,15 | 47.78 | 141,37 | 323,91 | 141,37 | 265,60 | 61,945 | 263,23 | 141,37 | 198,45 | 61,888 | 193,49 | 141,37 | 144,83 | 61,731

240 | 20144 | 4831 | 153,13 | 321,31 | 153,13 | 276,94 | 61,953 | 266.89 | 153,13 | 214,36 | 61,908 | 197.27 | 15313 | 152,55 | 61.755

270 | 21255 | 4874 | 163.81 | 316,20 | 163,81 | 282,60 | 61,957 | 267,72 | 163,81 | 225,94 | 61,917 | 198,94 | 163,81 | 158,78 | 61,774

300 |222.66| 49.10 | 173,56 | 309.64 | 173,56 | 283,66 | 61.958 | 266,32 | 173,56 | 233.42 | 61,922 | 200,11 | 173,56 | 163.60 | 61.789

330 | 231.94 | 49.41 | 18253 | 302,62 | 182,53 | 281,42 | 61,956 | 263,50 | 182,53 | 236,91 | 61,925 | 199,91 | 182,53 | 167.08 | 61.799

360 |240.49 | 49,67 |190.82 | 205,50 | 190.82 | 277,54 | 61.954 | 259,74 | 190.82 | 238,22 | 61,925 | 198,74 | 190.82 | 169.61 | 61.807

390 | 24843 | 4991 | 19853 | 288,11 | 198,53 | 272.69 | 61.950 | 255,96 | 198,53 | 237.90 | 61.925 | 197.63 | 198,53 | 171.61 | 61.812

420 | 25582 | 50,11 | 205,71 | 280.62 | 205.71 | 267.22 | 61.946 | 251,78 | 205.71 | 236.28 | 61.924 | 196.01 | 205.71 | 172.69 | 61.815

450 | 262,74 | 50.29 | 212,45 | 27322 | 212,45 | 261.35 | 61.942 | 247.27 | 212,45 | 233,53 | 61,922 | 193,98 | 212,45 | 173,06 | 61.816

480 | 269.23 | 50.46 | 218,78 | 265,96 | 218,78 | 255,26 | 61,938 | 242,56 | 218,78 | 229.64 | 61.919 | 191.75 | 218,78 | 172,88 | 61.816

HEC-HMS

90 |120.93 | 43.39 | 77.54 | 260.01 | 77.54 | 14546 | 61,733 | 197.74 | 77.54 | 116.38 | 61.638 - - - -

120 | 141,94 | 4510 | 96.84 | 203,73 | 96,84 |180.02 | 61.836 | 227.62 | 96.84 | 147.36 | 61.739 - - - -

150 | 159.83 | 46,27 | 113,57 | 313.26 | 113,57 | 207.04 | 61,903 | 246,12 | 113,57 | 170.14 | 61,808 - - - -

180 | 175,40 | 4713 | 128,28 | 322,15 | 128,28 | 246,61 | 61,931 | 257,50 | 128,28 | 186.67 | 61.855 - - - -

210 | 189,15 | 47.78 | 141,37 | 32391 | 141,37 | 265.60 | 61.945 | 263,22 | 141,37 | 198,45 | 61.888 - - - -

240 | 20144 | 48,31 | 156313 | 321.31 | 153,13 | 276,94 | 61,953 | 266,89 | 153,13 | 214,36 | 61.908 - - - -

270 | 21255 | 4874 | 163,81 | 316,20 | 163,81 | 282,60 | 61,957 | 267.71 | 163.81 | 22593 | 61.917 - - - -

300 | 222,66 | 49,10 | 173,56 | 309.64 | 173,56 | 283.66 | 61,958 | 266,31 | 173,56 | 233.41 | 61,922 - - - -

330 | 231.94 | 49.41 | 182,53 | 302.62 | 182,53 | 281.42 | 61.956 | 263.50 | 182,53 | 236.91 | 61.925 - - - -

360 |240.49 | 49,67 | 190.82 | 295,50 | 190,82 | 277,54 | 61,954 | 259,74 | 190,82 | 238,22 | 61,925 - - - -

390 | 24843 | 4991 | 19853 | 288,11 | 198,53 | 272,69 | 61,950 | 265,95 | 198,53 | 237.89 | 61,925 - - - -

420 | 255,82 | 50.11 | 205.71 | 280.62 | 205.71 | 267.22 | 61.946 | 251.77 | 205.71 | 236.28 | 61.924 - - - -

450 | 262.74 | 50.29 | 212,45 | 273.22 | 212.45 | 261.35 | 61.942 | 247.27 | 212.45 | 233,52 | 61.922 - - - -

480 |269.23 | 50.46 | 218,78 | 265,96 | 218,78 | 255,26 | 61,938 | 242,56 | 218,78 | 229,63 | 61,919 - - - -

mmm Total Rain = Total Loss —s— Peak Inflow 4 Peak Release
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Fig. 2 Peak inflow and outflow curve by rainfall duration
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Fig. 3 Flood hydrograph for critical duration
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