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ABSTRACT

Several River Basins across the world have been simulated using hydrological models to understand
hydrological processes and the availability of water resources. In this study, the hydrological process performed
using Remote Sensing data with GIS approach for ‘Aunranga River’ watershed to predict sustainable flood
peaks using HEC-HMS model. This hydrological model computes losses to get excess precipitation and it is
transformed into Direct Runoff Hydrograph for estimation of flood peaks of the watershed. As a primary
component of Basin Model Manager of HMS, the losses were computed using spatial data of LU-LC and soil
map with 3 different loss methods of ‘Initial&Constant’, ‘Deficit&Constant’ and Soil Conservation Service-
Curve Number (SCS-CN) methods to derive peak flood at the outlet of the watershed. The excess precipitation
after these losses has been transformed into direct runoff hydrograph using SCS-UH method. The estimated
flood was routed through streams to the outlet of watershed using Muskingum method. In the secondary
component of Meteorological Model Manager, specified hyetograph computations have prepared with a 29
years of daily rainfall data. The simulated peak flood with loss method of ‘Initial& Constant’ was obtained
78,045 m3/s, with ‘Deficit& Constant’ loss method obtained 78,065 m®/s and with SCS-CN loss method, the
predicted peak flood obtained was 80,675 m®/s. A tiny higher percentage of 0.01% of peak flood was predicted
from ‘Initial&Constant” loss method compared with ‘Deficit&Constant’ loss method.The overall higher
percentage of peak flood occurred by SCS-CN loss method by 1.2% than by other 2 loss methods. The Direct
Runoff Volume (DRV) and Peak Flood discharges derived higher values for SC-CN loss method and
Deficit&Constant loss method derived low values for both flow discharge and Direct Runoff Volume.

Keywords
Peak flood, Soil Conservation Service-Curve Number, Modeling, Hydrograph, Remote Sensing

INTRODUCTION
Construction and application of watershed models that describe precipitation to stream flow processes have been
a prime focus of hydrological research and investigations for numerous decades [1]. The runoff computations
from ungauged or poorly gauged catchment is a serious challenge in developing countries like India where
higher operation and maintenance costs differed gauging on small and medium rivers [2]. The knowledge-based
or data-driven hydrological models were developed and used by researchers to extend rainfall records and
address modeling issues [3]. Many watershed models have been developed based on the conceptual
representation of the physical water flow process over the entire area to model the rainfall processes [4]. The
Hydrologic Engineering Centre-Hydrological Model System (HEC-HMS) is one such model that supports both
lumped parameter-based modeling and distributed parameter-based modeling [5]. HEC-HMS provides a suite of
hydrological modeling options, with the main components focusing on determining runoff hydrographs from
sub-basins and routing the hydrographs through the channels to the study outlets [6]. HEC-HMS is a hydrologic
model which is developed by U.S Army Corps of Engineers, Hydrologic Engineering Centre (HEC) can predict
runoff in response to precipitation of dendritic watershed. The HEC-HMS uses the separate model to represent
various components of the rainfall-runoff processes like the loss model for calculating precipitation losses,
Transform model for transforming excess precipitation into the direct surface runoff, Base flow model foe base
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flow estimation, and Routing model for routing the reach.The model combines a Basin model, Meteorological
model, Controlspecifications and Time series data with the run option to obtain the model result. The basin
model is the physical representation of the basin. The rainfall and evapotranspiration data needed for simulating
the watershed process are stored in the meteorological model, control specification controls the period for which
the model is to be run and time-series data component, which is used for data input (i.e precipitation-discharge
data). The loss model is also called the runoff volume model as it calculates precipitation losses depth, which is
subtracted from the Mean Areal precipitation (MAP) depth to get precipitation, as this depth is considered to be
uniformly distributed over the whole basin, so it represents a volume of runoff.

Derdour et al., (2018) simulated runoff in the semi-arid in Ain Sefra watershed Ksour Mountains (S W Algeria)
using HEC-HMS hydrological model, used SCS Curve Number to calculate loss rate and SCS Unit Hydrograph
model to simulate the runoff rate. After calibration and validation, the simulated peak discharge was very close
to the observed value. Haibo et al.,(2018) [7] used the HEC-HMS model for forecasting flood in Huan river
basin of Henan, Chaina, ArcGIS was used to extract watershed information according to river DEM data. The
net rainfall was calculated through the initial constant rate loss model and the surface runoff was calculated
using the Snyder unit line model. Muskingum method was used for routing. The result showed the acceptable
range of determination and coefficient of the agreement Vishweshwaran et al., (2017) [8] used the HEC-HMS
model for event-based rainfall-runoff modeling for Krishna basin using daily rainfall-runoff data. Three loss
methods used for 3 verities of simulation. First simulation using ‘Initial and Constant’ method, second one used
with ‘Deficit and Constant” method and with ‘SCS-CN’ method was used for loss estimation. SCS Unit
Hydrograph for transforming excess precipitation into a direct runoff hydrograph.

Rathod et al., (2015) [9] developed a lumped continuous hydrological model for estimating runoff for different
rainfall events in three sub-basins of the Tapi river used the Green—Ampt method as a loss method and
compared the SCS unit hydrograph and Snyder unit hydrograph method as a transform method and found that
the SCS unit hydrograph method gives better results. Halwatura et al., (2013) [10] made an attempt to set a
Rainfall-Runoff model for Attangalu Oya river basin Sri Lanka using HEC-HMS model, he compared different
transform and loss method and found that the combination of Snyder unit hydrograph method as Transform
method as a loss method give more reliable results for Attangalu Oya river basin.

The main objective of the current study was to compare different loss methods available in the HEC-HMS
model and thereby simulate stream flow of the Aunranga River located in Jharkhand state of India. Therefore,
the reliability of three different combinations of loss methods were checked individually. Most of the
precipitation loss methods recommended for event- based simulations in the HEC-HMS model, including SCS-
CN method as well as the initial and constant loss method. These methods are empirical without a thorough
understanding of the governing physical processes of infiltration mechanisms [11]. The hydrological model
developed through this study will essentially serve as flood prediction tool to provide early warnings to reduce
the vulnerability to disasters during extreme rain events [12].

Materials and Methodology
Study area-Aunranga River Watershed

The study area is situated in the state of Jharkhand of Latehar district called as “Aunranga river watershed”. This
watershed contains a river named as “Aunranga” which is joined to ‘North Koel” River, tributary of ‘Son’ River.
This watershed is numbered as 71 as per ‘Water Resources Information System (WRIS) -India’ watershed atlas
of Ganga Basin in Son—sub basin. The study area of ‘Aunranga’ river watershed having an area of 1155 km? and
is sub divided into 10 sub-watersheds as shown in Figure 1. The ‘Aunranga’ river travels a total course of 80 km
through 2 districts of Latehar and Palamu before joining ‘North koel’ river near Kechki 16 km south of
daltongani. Aunranga River passes through a large valley, the southern face of which is formed by the
Kumandih hills and it originates near Soheda in a pass.
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Fig.1: Study Area

HEC-HMS Model Description

HEC-HMS software was developed by the United States Army Corps of Engineers. The current HEC-HMS
model is a successful outcome of continuous efforts by many scientists and researchers since its first version.
HEC-1 developed by Leo R. Beard and released in 1967. HEC-1 was developed to simulate floods in complex
river basins [13]. The current study utilizes HEC-HMS version4.7 to simulate flood discharge on an event-based
scale in the ‘Aunranga River’ watershed. The HEC-HMS model is capable of performing flood frequency
studies, reservoir spillway capacity studies and of urban flooding, among others [14]. The model simulation is
comprised of four components, a basin model, meteorologicalmodel, specification controlmanager and time
series data manager. The software in the public domain, providing a major advantage to HEC-HMS users
worldwide. An extensive amount of studies have reported successful applications of HEC-HMS on event and
continuous-based simulations in different regions of the world including Asia, Africa and America. Razi et al.
[15] used HEC-HMS to simulate stream flow in the Johar River basin. Chu and Steinman [16] used the HEC-
HMS model to simulate streamflow in an American watershed. Chea and Oeurng [17] developed an HEC-HMS
model for continuous simulations in a sub-basin of the Tonle Sap River Basin, Cambodia. Gebre [18] used the
HEC-HMS model to simulate streamflow in the Upper Nile River Basin of Ethiopia. Shakti et al. [19] used
radar rainfall to conduct simulations in an HEC-HMS model for an urbanized catchment in Japan. Skhakhfa and
Ouerdachi [20] used an HEC-HMS model to simulate streamflow in an Algerian River Basin. Ouedraogo et al.
[21] modeled a Kenyan catchment using the HEC-HMS model.Neary et al. [22] used HEC-HMS to model a
Tennessee catchment in America employing satellite estimates as input rainfall data. This software poses an
added advantage for users by offering a multitude of choices for selecting methods to simulate various parts of
the hydrological cycle depending on the availability of data, topography and climate settings [23].
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Data collected and used

The data collected for this study area in the form of spatial data and meteorological data. The first spatial data
collected in the form of Digital Elevation Model (DEM) from USGS web portal of Earthexplorer. A 30 m
resolution of ASTER-DEM downloaded from the website.www.earthexplore.usgs.gov.in. The other spatial data
of Land Use-Land Cover (LU-LC) map supplied on request basis through Bhuvan-ISRO web portal
(https://bhuvan-app3.nrsc.gov.in/data/download/index.php.) In this study soil map downloaded from FAO soil
map from the web portal. The meteorological data in the form of daily rainfall data collected from Indian
Meteorological Department (IMD) from 2 places located at ‘Balumath” and ‘Latehar’. The daily rainfall data of
29 years from 1987 to 2015.
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Fig. 2: Spatial Data

HEC-HMS Model Development

The user can either develop the basin model in the HEC-HMS itself or else by feeding the DEM into the HEC-
Geospatial Hydrological Modeling extension HEC-GeoHMS, which is an extension tool of ArcGIS software. In
this study, the basin model was developed in HEC-HMS Ver.4.7 itself by feeding 'DEM’ into model. The
Aunranga River watershed was delineated into ten sub-watersheds in this study as shown in Fig.3.The sub-basin
properties, including flow length, centroid locations and average slopes of watershed were derived and tabulated
in the software. In this study, precipitation was defined by the specified hyetograph method. This was done by
taking the proximity of the rain gauge to the sub-basin into account. The developed model was simulated in
hourly time steps.

The HEC-HMS model developed with 4 components. [i] Basin model component, which is one of the main
component of project. Their principle purpose is to convert atmospheric conditions into streamflow at specific
locations in the watershed. Hydrologic elements are used to break the watershed into manageable pieces. They
are connected in a dendritic network to form a representation of the stream system. [ii]Meteorological model
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component calculates the precipitation input required by a subbasin element. The meteorologic model can utilize
both point and liquid gridded precipitation and has the capability to model frozen and liquid precipitation along
with evapotranspiration. The meteorologic model includes multiple snow melt and evapotranspiration
methods.[iii] Control specification component is one of the main component in a project, even though they do
not contain much parameter data. The principle purpose is to control when simulation start and stop, and what
time interval is used in the simulation.

Fig. 3: Schematic representation of HMS Model

[iv]Hydrologic model often require time-series of precipitation data for estimating basin-average rainfall. A time
series of flow data, often called observed flow or observed discharge is helpful for calibrating a model and is
required for optimization. Other kind of time series data are required and is stored in project as gauge.

Modeling precipitation losses

It is used for estimating excess precipitation, by deducting the total losses from the total precipitation.Canopy
interception, retention and detention storages account for precipitation losses in a watershed. The precipitation
loss rates depend on canopy cover and rainfall characteristics [14].

There are eleven methods are available in HEC-HMS to simulate precipitation losses. These are the SCS-CN
method, Green and Ampt, Initial and Constant, Exponential loss method, Deficit and Constant, Smith Parlange,
Soil Moisture Accounting Model (SMA), Gridded Deficit and Constant, Gridded SMA, Gridded Green and
Ampt and Gridded SCS-CN methods. Among the various loss models available in the HEC-HMS, the Initial
and Constant, Deficit and Constant methods are recommended for continuous simulations since these two
methods both dry and wet weather behaviors [24].

In this study, the reliability of ‘Initial and Constant’ loss method, ‘Deficit and Constant” and ‘SCS-CN’ methods
were used for simulation of peak flood in 3-events according 3-loss methods. The advantages and disadvantages
of each precipitation loss methods are presented in Table-1
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Table 1: Advantages and Disadvantages of the precipitation loss methods used in this study

[2] [20] [27]

Method Advantages Disadvantages
Initial and Constant 1) Mature method with | 1) Difficulties in
successful  applications applications in ungauged

across the world
2) East tosetup

watersheds

2) Model may be too
simple to predict losses
with an event

Deficit and Constant

1) Mature method with
successful  applications
across the world

2) East to setup

1) Difficulties in
applications in ungauged
watersheds

2) Model may be too
simple to predict losses
with an event

Soil Conservation Service-
Curve Number (SCS-CN)

1) Well established across
US and elsewhere

2) This method relies only
on one parameter that is
a function of soil group,
land use, treatment cover

1) Intensity of the rainfall is
not accounted for

2) Infiltration will approach
zero rather than a
constant rate as expected
after a rainfall event.

and antecedent moisture | 3) The model predicted

conditions. values do not agree with

3) Relatively simple classical unsaturated
flow theory.

1stevent - Initial and Constant Method

The ‘Initial&Constant’loss method requires the values of initial loss, constant loss and percent imperviousness.
The values for initial losses was assigned following the guidelines outlined by US Army Corps of Engineers
[25] considering the vegetation characteristics of the watershed. The Initial and Constant rate model, includes
one parameter (the constant rate) and one initial condition (the initial loss). These represent physical properties
of the watershed soils and land use and the antecedent condition. If the watershed is in a saturated condition, ‘la’
(initial abstraction) will approach zero. If the watershed is dry, then ‘la’ will increase to represent the maximum
precipitation depth that can fall on the watershed with no runoff. This will depend on the watershed terrain, land
use, soil types, and soil treatment. It is suggested that this ranges from 10-20% of the total rainfall for forested
areas to 0.1-0.2 inches for urban areas.The constant loss rate can be viewed as the ultimate infiltration capacity
of the soils. The SCS (1986) classified soils on the basis of this infiltration capacity.

2nd event - Deficit and Constant Method

The deficit constant loss method uses a single soil layer to account for continuous changes in moisture content.
It should be used in combination with a canopy method that will extract water from the soil in response to
potential evapo-transpiration computed in the meteorological model. The soil layer will dry out between
precipitation events as the canopy extracts soil water. There will be no soil water extraction unless a canopy
method is selected. Percolation out the bottom of the layer only occurs when the soil layer s saturated.
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The Initial deficit is the initial condition for the method. It is the amount of water required to fill the soil layer to
the maximum storage. The maximum deficit specifies the amount of water the soil layer can hold, specified as a
depth. An upper bound is the depth of the active soil layer multiplied by the porosity. However, in most cases
such an estimate must be reduced by the permanent wilting point and for other conditions that reduce the water
holding capacity. The Constant rate defines the percolation rate when the soil layer is saturated. Saturated
hydraulic conductivity is a good approximation. The percentage of the sub-basin which is directly connected
impervious area can be specified. No loss calculations are carried out on the impervious area, all precipitation on
that portion of the sub-basin becomes excess precipitation and subject to surface storage and direct runoff. The
overall methodology applied to perform the HEC-HMS model as shown in Fig.4

Lime series data Basin Model

nanager (Rainfall) mMANAeEs

‘IV‘V‘V- x o :
Method ' Method Viethod

~ |
Meteorological Initial and Deficit and SCS-CN
Model Manager Constant Constant

'Bim 2
‘ Sim. 1
Sim-3

Simulated
Flood
/ Analysis /

Fig.4: Methodology applied flow chart

Control Muskingum

Routing
Method

3rd event - SCS-CN Method

Soil Conservation Service —Curve Number (SCS-CN) method requires values of curve number CN), initial
abstraction ‘Ia’ and percent imperviousness of the study watershed. The SCS-CN method uses functions of land
use type, soil type and Antecedent Moisture Conditions (AMC). The values of Curve Number (CN) ranges
between 35-98 in the model. A CN value of 98 is attributed to water bodies whereas a value 35 indicates land
under good hydrologic conditions. In this method, the SCS-CN value for major land use types in the ‘Aunranga
river’ watershed, forest and plantations, was fixed based on the guide lines adopted by Maidment et al. [26],
Halwatura and Najim [27].The values of initial abstraction (lIa) was assigned based on the guidelines outlined by
US Army Corps of Engineers [25].

Curve Number

The Curve Number is the function of soil type, land use/land cover, and antecedent moisture
condition. For this purpose,

The accumulated precipitation excess is given by eqgn. (1)
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_ 2
P, = oot eqn.(1)

Where Pe is accumulated precipitation excess at time t, P unaccumulated rainfall depth at
time t, ‘1a’ is initial abstraction and S is maximum potential retention.

The Initial abstraction is approximated by eqgn. (2)

S is approximated by eqn. (3)

5 =25400— ———

Modeling direct runoff

The direct runoff is the portion of excess precipitation converted to point runoff in a watershed following a
precipitation event. Direct runoff methods available in the HEC-HMS model fall under two categories,
empirical and conceptual methods. The conceptual methods consider all physical mechanisms that govern
precipitation movement, while empirical models develop relationship between precipitation and runoff without
considering the internal processes. The parameters in empirical models are adjusted after obtaining goodness-of-
fit criteria. The HEC-HMS model offers seven methods to calculate direct runoff. They include the Clark Unit
Hydrograph, Snyder’s Unit Hydrograph, SCS-Unit Hydrograph, user specified S-graph, and user specified Unit
Hydrograph, Modclark and Kinematic Wave methods [24].

SCS-Unit Hydrograph method

The Soil Conservation Service (SCS) proposed a parametric Unit Hydrograph (UH) model based upon averages
of UH derived from gauged rainfall and runoff from a large number of small agricultural watersheds throughout
the US.[SCS technical report 55 -1986]. At the heart of the SCS-UH model is a dimensionless, single peaked
UH. This dimensionless UH, which is expresses the UH discharge, U:as a ratio to the UH peak discharge, Up,
for any time t, a fraction of Tp, the time to UH peak research by the SCS suggests that the UH peak and time
peak are related by

Up=C =
P Tp

In which A= watershed area, and C= conversion constant (2.08 in Sl and 484 in foot-pound system). The time of
peak is related to the duration of the unit of excess precipitation as

B
Tp—? + t‘lag

in which At = the excess precipitation duration (which is also the computational interval in the run) and ti,q = the
basin lag, defined as the time difference between the centre of mass of rainfall excess and the peak of the UH.
The SCS-UHlag can be estimated via calibration for gauged headwater sub-watersheds. For ungauged
watersheds, the SCS suggests that the UH lag time may be related to time of concentration ‘t¢’ as

tlag = 0.6*tc

Time of concentration is a quasi-physically based parameter that can be estimated as
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1°2(s + 1)%7

¢ 1,140Y%5
Where,
T : time of concentration in ‘hours’
I: longest flow length in “feet’
S : surface retention in ‘inches’

_ 1000
CN

CN : Curve Number
Y : average slope of watershed in %

Modeling channel routing

Routing is used to model channel flow from the upper catchment to basin outlet. A total of eight routing
methods are available in the HEC-HMS to model channel flow. They are Muskingum, Muskingum Cunge, Lag
method, Kinematic wave, Straddler Stagger, Modified Plus, Lag&K and Normal Depth methods. These methods
are used to route flow in main streams and tributaries of a watershed [24].The selection of channel routing
method depends on several factors including channel slope, availability of observed streamflow data, and the
significance of backwatereffects, among others. The modified-plus method is recommended if backwater effects
will significantly influence the discharge hydrograph. The kinematic wave method and Muskingum-Cunge
methods are normally used in channel routing if observed streamflow data is unavailable. Kinematic wave,
Muskingum-Cunge methods and normal depth methods require information of channel properties including
channel width, side slopes of channel, manning’s n, the shape of the channel cross section, among others. The
modified-plus method requires a storage discharge function relationship.In this study the ‘Muskingum’ method
was used to route the flow in the ‘Aunranga River’ watershed.

Muskingum Method

€y, 9

The Muskingum method requires parameters “K” and “X”. The parameter “k” is measured in hours and “x” is
dimensionless. The value of parameter ‘k’ ranges between 0.1 to 150 hrs while ‘x’ ranges between 0.1 and 0.5.
In this study the values of ‘k’ ranged between 0.1-150(hrs) while the value of ‘x” ranged between 0.20-0.25.
The values for ‘k” and ‘x” were assigned within the recommended ranges. The Muskingum method was used to
route flow in the mild slopes of the downstream reaches of the ‘Aunranga river’ watershed.

RESULTS AND DISCUSSIONS

The HEC-HMS model simulation performed in 3 events to obtain peak flood with 3 different loss methods.To
perform this, a watershed chosen named as ‘Aunranga river’ watershed which was situated in the state of
Jharkhand of Latehar District in India. The principle objective of this study is to estimate peak flood of a
watershed using three different loss methods of ‘Initial & Constant’, ‘Deficit&Constant’ and ‘SCS-CN’. Each
simulation performed with different loss methods by keeping ‘Simple Canopy, and transform of excess
precipitation with SCS-UH and routing to the outlet of watershed using ‘Muskingum’ method as constant for
each simulation with all the three loss methods. The 1% event simulation performed with ‘Initial and Constant®
loss method delivers a peak flood of 78,492 m¥/s at the outlet of ‘Aunranga river’ watershed. The HEC-HMS
model simulated as 2™ event with other loss method of ‘Deficit and Constant’ and simulation results deliver a
peak flood of 78,474 m¥/s. It is observed that the peak flood difference between these two methods was 18m?/s.
This variation of peak flood is seems to be negligible difference of flood discharge. The third event simulation
was performed with SCS-CN loss method and is routed to the out let with ‘Muskingum’ routing method. The
simulation results of peak flood obtained a higher value of 81,045 m3s. The peak flood with SCS-CN loss
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method shows much variation compared with other 2 loss methods of ‘Initial& Constant’ and
‘Deficit&Constant’. The graphical representation of peak flood of 3 loss methods as shown in Figure.5.

2000
S1.045m s Initinl & Constant
S0000 78 474m''s w—Deficit & Constant
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Fig. 5: Peak flood for 3 loss methods

It is evident that, the peak flood graph showing similar trend of all 3-hydrographs with 3-loss methods. The
variation of peak flood of 3-loss methods shown clearly in the figure. In rising limb of peak flood hydrograph
not shown much variation while the variation of flood discharge shown in falling limb of peak flood
hydrograph.It is also observed that, the time of occurrence of peak flood is different for these 3-loss methods.
The peak flood occurred at 11:15 hrs for ‘Initial&Constant’ method. The time of occurrence of peak flood at
10:55 hrs for ‘Deficit &Constant’method. The SCS-CN loss method peak flood occurred at 11:15 hrs as shown
in figure.

Table 2: Peak Flood according sub-watershed wise

Sub-watershed Area Peak flood m?/s
No. km? Initial and Deficit and SCS-CN
Constant Constant

Sub-wsd-1 166.55 12008.9 12007.7 12180.8
Sub-wsd-2 160.47 14979.8 14977.9 15416.2
Sub-wsd-3 120.80 8480.4 8479.5 8722.4
Sub-wsd-4 156.46 12839.1 12834 13107.0
Sub-wsd-5 130.77 8188.1 8187.1 8413.8
Sub-wsd-6 71.06 5113.5 5113.2 5450.6
Sub-wsd-7 70.67 6026.3 6026.3 6190.1
Sub-wsd-8 96.60 6106.0 6105.4 6584.1
Sub-wsd-9 58.51 5395.6 5394.6 5527.6
Sub-wsd-10 121.06 10628.9 10625.5 10695.2

The tabular values of peak flood according sub-watershed wise shown in the form of graph as shown in Fig.6.

The figure, reveals that, the falling trend of peak flood continued from sub-watershed no.2 upto sub-watershed
no.9 accordingly the falling trend of sub-watershed areas.
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The observation of peak flood analyzed as per sub-watershed wise. It was observed that the sub-watershed no.2
deliver highest discharge for all the 3-loss methods. According area of sub-watershed, sub-watershed no.1 has
highest area and not derived higher discharges from all the 3-loss methods. Sub-watershed no.2 deliver higher
discharge from SCS-CN loss method. Deficit & Constant method deliver low peak discharge from sub-
watershed no.2. It is evident that the higher and lower peak discharges delivered from sub-watershed no.2.The
sub-watershed no.6 delivered lowest discharge in ‘Aunranga river’ watershed, though, the area of sub-watershed
has not least compared to other sub-watersheds. In this lowest peak discharges, SCS-CN loss method has
highest discharge and ‘Deficit & Constant’ loss method delivered little higher to ‘Initial&Constant’ loss method
as shown in table-2.

18000
e | itind & Conptant
16000 - DefigtéConstant
vesc:| f’\ g
12000 '/ “ /\\\
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o | 10000 \ /
E N/ J
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Fig.6: Peak flood for 3 loss method events
Table 6: Direct Runoff Volume (DRV) Sub-watershed wise
Sub-watershed Area Direct Runoff Volume, mm
No. km? Initial and Deficit  and SCS-CN
Constant Constant
Sub-wsd-1 166.55 1367.14 1363.45 1406.46
Sub-wsd-2 160.47 1871.41 1867.04 1980.45
Sub-wsd-3 120.80 1327.52 1324.05 1409.16
Sub-wsd-4 156.46 1926.24 1918.77 1996.88
Sub-wsd-5 130.77 1330.65 1328.14 1400.96
Sub-wsd-6 71.06 1205.71 1202.93 1412.35
Sub-wsd-7 70.67 1299.52 1298.33 1392.24
Sub-wsd-8 96.60 1183.74 1181.66 1402.08
Sub-wsd-9 58.51 1897.95 1892.16 1988.23
Sub-wsd-10 121.06 1978.64 1971.05 1993.37

Direct Runoff Volume (DRV) for ‘Initial&Constant’ loss method and ‘Deficit&Constant’ loss method occurred
high-low in sub-watershed no.10, the highest DRV occurred in sub-watershed no.4 for SCS-CN loss method.
The lowest DRV occurred in sub-watershed no.8 for ‘Initial&Constant’ and ‘Deficit&Constant’ loss methods.
The low-highest DRV occurred in sub-watershed no.7 for SCS-CN loss method. From the table-6, it was
observed that, the highest and lowest DRV not occurred from the same sub-watersheds of ‘Aunranga river’
watershed. The high-highest and low-highest DRV occurred in two different watershed from SCS-CN loss
method. The tabular DRV values are plotted in the form graph as shown in Fig.7
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Fig.7 Direct Runoff Volume for 3 loss method events

The 3 loss method follows the similar trend, the peak DRV occurred in sub-watershed no.2, 4, 9 and 10. The
little higher variation of DRV between sub-watershed no.5 and no.8 has shown for SCS-CN loss method to
other loss methods of ‘Initial and Constant’ and ‘Deficit and Constant’ loss methods.

CONCLUSIONS

The main objective of this study is to predict peak flood with different loss methods in Aunranga river
watershed. To achieve this objective, HEC-HMS model embedded GIS application tools to derive watershed
with spatial data of DEM. The Aunranga river watershed divided into 10 sub-watersheds having a total area of
1155 km?. The GIS tools used to derive morphometric parameters of watershed like area of sub-watersheds,
longest flow path, slope of watershed. These parameters are utilized for computation of time of concentration,
Lag time of hydrographs. The other spatial data of Landuse/Landcover and soil maps were used to derive CN
value of each sub-watershed. The computed parameters are used in basin model manager for different loss
methods, and transform method. For any hydrologic models the main input source was precipitation. The daily
rainfall data was collected at 2 IMD rain gauge stations from Latehar and Balumath stations for 35 years from
1984-2015. The rain gauge station Latehar was situated within the Aunranga river watershed and other rain
gauge station Balumath situated just outside of the study area.

All the required parameters computed from spatial and meteorological data to fill in HEC-HMS components of
Basin model manager, Meteorological model manager, Time series data manager proceed for simulation with
Control specifications manager. The HEC-HMS model simulation performed with 15 minutes time interval in 3
events. These 3 events are with three different loss calculation methods of ‘Initial and Constant’ loss method,
Deficit and Constant’ Loss method and ‘SCS-CN’ loss method. In the first event, the model simulation with
‘Initial and Constant’ loss method the peak flood predicted at the out of Aunranga river watershed was 78,492
m¥/s , in the second event the model simulated with ‘Deficit and Constant’ loss method the peak flood predicted
was 78,474m?%/s and in the SCS-CN simulation the peak flood obtained was 81,045m?/s. It was observed that the
Initial and Constant loss method obtained a higher percentage of 0.01% than by ‘Deficit and Constant’ loss
method. The other observation of peak flood obtained from SCS-CN loss method by a higher percentage of
2.8%.than Initial and Constant loss method.
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The HEC-HMS model simulation results derived Direct Runoff VVolume (DRV), and observation also made
according sub-watershed wise. It was observed that the high and low DRV occurred in same sub-watersheds for
‘Initial&Constant’ and ‘Deficit&Constant’ loss methods. Interestingly, the high and low DRV occurred in 2
different sub-watersheds for SCS-CN loss method.Where as in case of peak flood, it was observed that the
highest peak flood occurred in sub-watershed no.2 for all 3 event loss methods. Similarly the lowest peak flood
occurred in sub-watershed no.6 for all 3 event loss methods. On nut-shell, the high-and- low peak flood
discharges occurred in same sub-watersheds, where as Direct Runoff Volume (DRV) for high-and-low flows
occurred in different sub-watersheds. It is concluded that for both flood peak and DRV derived highest from
SCS-CN loss method and Remote sensing data with GIS approach make easier to derive physiographic
parameters and for computation of hydrologic parameters in simulation of peak flood using HEC-HMS model.
Because of parsimonious of hydrological models, it is onerous to justify the tiny variations occurred in
simulation of hydrological parameters.

REFERENCES

[1] Jakeman, A.J., and Homberger, G.M. (1993). “How much complexity is warranted in a rainfall-runoff
model” \Water Resource. Res., 29(8). 2637-2649.

[2] Jaiswal, R.K., et al., (2020). Comparative evaluation of conceptual and physical rainfall-runoff models.
Applied water Science, 10 (1), 48. https://doi.org/10.1007/s13201-019-1122-6.

[3] Molnar P, Burlando P. 2005. Preservation of rainfall properties in stochastic disaggregation by a simple
random cascade model. Atmos. Res. 77: 137-151

[4] Madsen, H. (2000), “Automatic calibration of a conceptual rainfall-runoff model using multiple objectives”.
J.Hydrol., 235(3-4), 276-288.

[5] Agarwal, A. (2005), “A Data Model with Pre and Post Processor for HEC-HMS”, Report of Graduate
Studies, Texas A&M Univ. College Station.

[6] Beighly, R. E. and Moglen, G.E., (2003), Adjusting measured peak discharges from an urbanizing
watershed to reflect a stationary land use signal, Water Resources Research, 39, 4, 1-11.

[7] Haibo, M. et al (2018). Application of Synthetic Unit Hydrograph on HEC-HMS model for flood forecasting
MATEC web of conferences 246.

[8] Vishweshwaran Ramesh, 2017. Application of the HEC-HMS model for runoff simulation in the Krishna
basin. https://doi.org/10.13140/RG.2.2.13326.05448.

[9] Rathod, P. et al., (2015). Simulation of Rainfall-Runoff process using HEC-HMS (case study: Tapi river,
India). Presented at the Hydro 2015 International IIT Roorkee, India, 17-19 December, 2015 20th
International Conference on Hydraulics, Water Resources and River Engineering, p.10.

[10] Halwatura, D. et al., (2013). Application of the HEC-HMS model for runoff simulation in a tropical

catchment. Environ. Model Softw.46,155-162.https://doi.org/10.1016/j..envsoft.2013.03.060

[11] Ponce VM, Hawkins RH. Runoff curve number: Has it reached maturity? J Hydrolog Eng. 1996, 1(1):11-9.

[12] De Silva M, Weerakoon S, Herath S, Modeling of event and continuous flow hydrographs with HEC-HMS:
case study in the Kelani River Basin, Sri Lanka. J Hydrolog Eng. 2014:19(4):800-6

[13] Oleyiblo J, Li Z. Application of HEC-HMS for flood forecasting in Misai and Wan’an catchments in China.
Water Sci Eng. 2010;3(1):14-22.

[14] Scharffenberg B, Bartles M, Braurer M, Fleming M, Karlovitas G. Hydrological Modeling System HEC-
HMS, user’s manual. Davis, USA: US Army Corps of Engineers, Hydrologic Engineering Center
HEC;2018.

[15] Razi M, Arffin J, Tahir T, Arish A. Field estimation studies using hydrological modeling system (HEC-
HMS) for johor River, Malaysia. J Appl Sci. 2010;10(11):930-39.

[16] Chu X, Steinman A. Event and continuous modeling with HEC-HMS. J Irrigat Drain Eng.
2009;135(1):119-24.

[17] Chea S, Oeurng C. Flow simulationin an ungauged catchment of Tonle Sap Lake Basin in Cambodia:
application of the HEC-HMS model. Water Util J. 2017;17:3-17

IJETRM (http://ijetrm.com/) [149]


http://ijetrm.com/
https://doi.org/10.1007/s13201-019-1122-6
https://doi.org/10.13140/RG.2.2.13326.05448
https://doi.org/10.1016/j..envsoft.2013.03.060

Vol-06 Issue 02, February -2022 ISSN: 2456-9348

Impact Factor: 5.004

International Journal of Engineering Technology Research & Management

[18] Gebre S Application of the HEC-HMS model for runoff simulation of Upper Blue Nile River Basin. Hydrol
Curr Res. 2015;6(2):1-8.

[19] Shakti PC, Nakatani T, Misumi, R. The role of the spatial distribution of radar rainfall on hydrological
modeling for an urbanized river basin in japan. Watr.2019;1198):1-25.

[20] Skhakhfa I, Ouerdachi L. Hydrological modeling of Wadi Ressoul Watershed, Algeria by HEC-HMS
model. J Water Land Dev.2016;31:139-47.

[21] Ouedraogo W, Raude J, Gathenya J. Continuous modeling of the Mkurumudzi river catchment in Kenya
using HEC-HMS conceptual model: calibration, validation, model performance evaluation and sensitivity
analysis. Hydrology. 2018;5(3):1-18.

[22] Neary V, Habib E, Fleming M. Hydrologic modeling with NEXRAD precipitation in Middle Tennessee. J
Hydrolog Eng. 2004;9(5):339-49.

[23] Scharffenberg WA. Hydrological modeling system (HEC-HMS user’s manual (ver 4.7). Davis, USA: US
Army Corps of Engineers, Hydrologic Engineering Center HEC;2016.

[24] Feldman AD. Hydrological modeling system HEC-HMS technical reference manual. Davis, USA: US
Army Corps of Engineers, Hydrologic Engineering Center;2000.

[25] US Army Corps of Engineers. Engineer Manual EM-1100-2-1417, Engineering and Design, Flood Runoff
Analysis. Washington: Department of Army, US Army Corps of Engineers; 1994.

[26] Maidment DV, Chow VT, Mays LW. Applied hydrology. Singapore: McGraw-Hill; 1998.

[27] Halwatura D, Najim M. Application of the HEC-HMS model for runoff simulation in a tropical catchment
Environ Model Software. 2013;46:155-62.

IJETRM (http://ijetrm.com/) [150]


http://ijetrm.com/

