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Evaluation and Analysis of Peak Discharge
with Different Return Periods for Beshar River
Using HEC-HMS Model
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Abstract

Flood is one of the most important natural disaster that cause
human and financial damages and its evaluation needs peak
discharge. This study evaluates Beshar River runoff peak
discharge due to precipitation with different return periods.
The geological and land use maps were provided in ArcGIS
and ENVI, based on which the CN map was prepared.
Respectively, 53.46 % and 30.75 % of the study area are in A
and D hydrologic groups. The best probability distribution for
each station was determined using Chi-square test, thereafter,
precipitation with different return periods was calculated.
After dividing the area into 9 sub-basins and calculating the
required parameters for each, the model was created. Three and
two flood events were respectively used for calibration and
validation and the average values of RMSE and NS indexes
were obtained as 0.53 and 0.67 for calibration and 0.55 and
0.68 for validation. The low values of errors indicated the
reliability of the simulated model. The peak discharge of each
return period was calculated employing type 1A of SCS model.
Comparing the peak discharges obtained from HEC-HMS and
statistical method at the basin outlet showed that the least
difference between these two methods was related to the 50-
year return period and for the return periods below and above
50 years, the HEC-HMS discharges were correspondingly less
and greater than the statistically calculated peak discharges.
Consequently, the HEC-HMS model can accurately calculate
the flood peak discharge for Beshar basin.

Keywords: Rainfall-Runoff Model, Flood, SCS Model,
Beshar River, HEC-HMS Model.
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Table 1- Location of the rain gauges and the hydrometric stations

Fowol g (ol b ol CurBse - Joaa

Station

Height

The length of the

Number Station Gauge Type (m) X Y statistical period
1 Patave Rain Gauge 1585 525786 3424728 1350-1397
2 Tootnade Rain Gauge 1715 532410 3417338 1371-1397
3 Batari Rain Gauge 1587 531549 3414086 1349-1397
4 Sisakht Rain Gauge 2251 543485 3414536 1355-1397
5 Karyak Rain Gauge 1700 540003 3409804 1364-1397
6 ShahMokhtar Rain Gauge 1765 550576 3394873 1350-1397
7 Cheshme Rain Gauge 2204 560956 3397221 1371-1397

Chenar
8 Yasuj Rain Gauge 1857 555893 3394380 1347-1397
9 Ghallat Rain Gauge 1870 565528 3381778 1379-1397
10 DashtRoom Rain Gauge 2105 549600 3381510 1362-1397
11 Sepidar Rain Gauge 2100 535150 3385148 1358-1397
12 Chitab Rain Gauge 1610 531894 3405454 1371-1397
13 Tangab Rain Gauge 1940 543079 3399952 1371-1397
14 Pireshkaft Rain Gauge 1900 527128 3398053 1362-1397
15 Ghallat River Gauge 1870 565530 3381595 1383-1397
16 Patave River Gauge 1560 524379 3424728 1350-1397
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Table 3- Hydrological classification of soils in SCS
method (Safavi, 2014)
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Table 2- Kappa coefficient classification by Koch
and Landis (Safarishad et al., 2019)
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(Safarishad et al., 2019)

Kappa Coefficient(%b) Acceptance Rate
<0 Weak
0-20 Low
21-40 Medium
41-60 Appropriate
61-80 Acceptable
81-100 Excellent
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Table 4- Methods and parameters used in HEC-HMS software
HEC-HMS 13810 5 ;3 sawi odlisw! (g yiol,b g b gy —F Jous

Methods Equation Parameters
k
Routing Muskingum  S=k[x1+(1-x)Q] (4) x
_(P-0.25)?
T (P+0.8S) ®) CN
Loss SCSCurve g _25400 55y (6)
Number CN . .
la=0.2S ) Initial Abstraction
Qp =484 Tip ®)
SCS Unit SCS Unit 108(5+1)07 Lag Time
Hydrograph Hydrograph  Tiag = 555,05~ 9 g
Te = 1.67(TLqg) (10)
Initial Discharge
Base Flow Recession Qt=QoK! (11) Recession Constant
Ratio To Peak
P1A1+P2 A2+ ...+PnA Depth WEight
Precipitation ~ Gage Weight = o PR
P g g P A1+A2+ .. +An (12) Time Weight
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Fig. 3- Geological map of the study area
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Table 6- General assessment of land use
classification

2§15 ganaib Cono (IS Sb5, -5 Uy

CaseNumber o8 scguracy
Case 1 0.889 90.64
Case 2 0.84 87.19
Case 3 0.906 92.78
Case 4 0.824 86.14
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Table 5- Area and covering percentage of
hydrological groups
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Hydrological Area (ha) Covering
groups percent
A 170924.53 53.67
B 13856.80 4.35
C 24236.22 7.61
D 109429.72 34.36
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Table 7- Calculated precipitation for each station with different return periods
BliSe (LCWES 5L 0,90 L slKiwn ! p2 (gl dabdmnloe (i b -V Jais

2 5 10 20 50 100 200 500 1000
Station
Batari 50.54 66.47 76.17 84.89 95.37 102.68 109.52 117.93 123.84
Patave 46.97 60.58 69.33 77.53 87.86 95.41 102.76  112.22 119.19
Pirashegoft 73.35 91.38 99.9 106.19 112.27 115.68 118.33 120.96 122.45
Tangab 114.2 150.5 173.8 195 222 241 260 284.45 302.6
Tootnade 51 69.7 83.5 97.1 116 130.6 145.9 167.2 184.15
Cheshme Chenar 83.35 109.98 12391 135.06 146.83 154.04 160.08 166.61 170.66
Chitab 61.1 79 89 99 108 115.8 121.9 122.78 138
DashtRoom 88.7 113.18 127.24 139.32 153.14 162.3 170.52 180.13 186.56
Sepidar 109.74 14753 172.05 19519 224.62 246.29 267.56 295.13 315.61
Sisakht 66.7 84.77 94.43 102.26 110.69 115.93 120.4 125.31 128.4
ShahMokhtar 69.55 93.5 109 124 141.7 154.7 167.4 183.8 195.95
Ghallat 71 96.5 114.5 129 152.3 170 183.35 203.4 218.22
Karyak 61.8 81.54 93.15 103.32 115.19 123.23 130.57 139.32 145.31
Yasuj 72.59 93.68 105.9 116.46 128.64 136.76 144.1 152.74  158.56
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Fig. 7— Schematic of the studied basin in HEC-GeoHMS
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Table 8- Calculated specifications for sub-basins in HEC-GeoHMS
HEC-GeoHMS ;> basgs 1 5 (5l daddmwlne Olaswiv -A Jgas

_ Area  Lag Time Time of_ Curve Initial Slope
Subbasin (Km?) (hn) Concentration Number Abstract (Degree)
(hr) (m?/s)

w10 258.26 4.14 6.91 57.89 36.95 38.46
W20 253.36 5.70 9.52 54.58 42.27 28.18
W30 346.41 4.32 7.21 60.34 33.40 35.62
W40 150.03 2.31 3.85 67.34 24.64 35.08
W50 618.34 8.22 13.72 50.66 49.49 33.54
W60 227.79 3.22 5.37 66.17 25.97 37.27
W70 152.02 5.5 9.18 49.74 51.32 26.30
wao0 262.70 4.54 7.58 59.53 34.54 38.25
W90 404.03 6.42 7.71 62.37 30.65 33.01

Table 9- The Precipitation events used in the calibration and validation
Jwo (Sewlis] g Suuwly 40 saw odliw! g b -4 Jous

Calibration Validation
ain Date
W 4 January 2016 4 February 2010 2 February 2012 18 March 2015 8 December 2009
Batari 61 81 99 85 28
Patave 62.5 42.5 88.5 71 20.5
Pirashegoft 99 68 145 154 79
Tangab 227 149 134 362 101
Tootnade 64.5 62 108 106 43
Cheshme Chenar 126 105 146 195 90
Chitab 79 100 120 88 41
DashtRoom 160 89 168 246 935
Sepidar 243 143 228 286 43
Sisakht 86 114 150 184 40
ShahMokhtar 126 80.5 146 180 69.5
Ghallat 95 915 139 119.5 88.5
Karyak 76 85 120 119 34
Yasuj 127.5 83.5 136.5 187.5 92
2 Feb 2012
1000
L
800 oo

& 600

£

o 400 ]

200 Tecenenn..,
0 ecocee®
0 20 40 60 80 100
Time (hr)

Simulated e eee Observed

Fig. 8- Simulated vs observed flood hydrograph for Patave station in flood event of 2 February 2012
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Fig. 9- Simulated vs observed flood hydrograph for Patave station in flood event of 4 February, 2010
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Fig. 10- Simulated vs observed flood hydrograph for Patave station in flood event of 4 January, 2016
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Table 10- Error values calculated in the calibration
and validation stages

9 (Pewly Al 5o )3 sadidpulow slbs pdlio =Y+ oo

P yle !
Date RMSE NS
2 February 2012 0.8 0.397
Calibration 4 January 2016 0.4 0.807
4 February 2010 0.4 0.808
8 December 2009 0.6 0.602
validation 1 March 2015 05 0756
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Fig. 11- Simulated vs observed flood hydrograph for Patave station in flood event of 8 December 2009
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Fig. 12- Simulated vs observed flood hydrograph for Patave station in flood event of 18 March, 2015
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Table 11- Comparison of average error values
calculated in the calibration and validation stages
with the previous study (Ahmadpour et al., 2019)

» b.»:}d.g.wbm dl]a& kw,;‘.o ﬂblﬁo Mlﬁo - Jg.)e
Oy adlllan b (2w liel g (2xiunly als o
(Ahmadpour et al., 2019)

RMSE NS

Current Calibration 0.53 0.67
Study Validation 0.55 0.68
AhmadPoor  Calibration 55.2 0.64
etal's Study  Validation 48.5 0.62
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Table 12- Peak flow rate calculated for different return periods according to HEC-HMS results
HEC-HMS guli (wlw! y cilises scuiS 5L 0,95 (15! 4 samiammlow zgl (23 -VY Jgia
Secti Start End Return Period (Year)
eion  ym)y km) 2 5 10 20 50 100 200 500 1000

Sectionl 0 16.27 3784 605 7739 9122 11356 1306.2 14355 1629.6 1773.1
Section2  16.27  23.93 3945 6417 821 971 1213 13975 1538.8 1749.4 1904.9
Section3 2393  26.65 4152 686.2 883.1 1048.6 1306.7 1502 1652.8 1874.6 2037.6
Section4 26.65 37.37 4075 681.8 884.1 1053.2 13151 1513.1 1667.2 1892.6 2058.4
Section5 37.37 6229 462 8154 1068.1 12858 1602.4 1839.2 2031.8 2302.1 2503.8
Section6  62.29  76.93 4713 834.6 1083.9 13044 1619.2 1860.1 2060.6 2339.8 2548.9
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Fig. 13- The best distribution for Patave Station Hydrometric Data (Gamma)
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Table 13- Peak flow rate calculated at basin outlet (Pataveh Station) using hydrometric data for different
return periods according to statistical method
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Return Period (Year)

2 5 10

20 50 100 200 500 1000

Peak flow (m?/s) 591.054  912.9849 1130

1330 1575 1755 1930 2160 2340
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Fig. 14- Comparison of discharge values at the basin outlet for different return periods in three cases:
simulated by HEC-HMS, Estimated with statistical method, Estimated in the literature (Roshun et al., 2013)
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Table 14- Comparison of difference percentage between HEC-HMS simulation and statistical in the current
study and the study by Derdour et al. (Derdour et al., 2018)

Derdour et al., ) cymivg axllboe g mols addllo y3 g bl (Wigy g HEC-HMS (6 5lwdmmd s SIS T duo 53 duny o —VF Jou
(2018

Return Period Simulated with

Calculated with

Percentage of difference

statistical between HEC-HMS simulation

_ 3

(year) HEC-HMS (m"/s) method(m?/s) and statistical method (%0)
10 425.8 463 -8.74
Derdour 50 750.5 731 2.60
etal’s 100 904.3 845 6.56

Study ' '

1000 1328.3 1220 8.15
10 1083.9 1130 -4.25
Current 50 1619.2 1575 2.73
Study 100 1860.1 1755 5.65
1000 2548.9 2340 8.20

12- Curve Number

13- Initial Abstract

14- Specific Retention

15- Lai Nulla

16- Attanagalu Oya

17- Coefficient of Performance

18- Residual Procedure

19- Validation

20- Operational Land Imager

21- Landsat

22- The Environment for Visualizing Image
23- Maximum Likelihood

24- Kappa

25- Normalized Deference Vegetation Index
26- Generalized Extreme Value

27- Lognormal

28- Log Pearson 3

29- Gamma

30- Kolmogorov—-Smirnov

31- Anderson-Darling Test

32- Chi-Squared

33- Probability Distribution Function
34- Hydroulic Engineering Center
Hydrological Modelling System

35- Digital Elevation Model

36- Time Lag

37- Concentration Time

38- Loss

39- Transform

40- BaseFlow

41- Routing

42- Recession

43- Muskingum

44- Gage Weight

45- Thiessen

Geospatial
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Ludei o
1- Hydroulic Engineering Center Hydrological
Modelling System
2- Creager
3- Diken
4- Fanning

5- Coefficient of Performance
6- Relative Error

7- Nash-Sutcliffe

8- Coefficient of Determination
9- Root Mean Square Error

10- Calibration

11- Soil Conservation Service
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