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ABSTRACT

Floodplains are land areas adjacent to rivers and streams that are subject to recurring inundation. Owing to their
continually changing nature, floodplains and other flood-prone areas need to be examined in the light of how they
might affect or be affected by development A Floodplain is the normally dry land area adjoining river or stream
that is inundated during flood events. The most common reason for flooding could be overtopping of river or
stream due to heavy downfall. The floodplain carries flow in excess of the river or stream capacity. Flood
frequency and flood water-surface elevations are the crucial components for the evaluation of flood hazard. This
Review paper presents the recent methodology that incorporates advanced technologies for hydrologic and
hydraulic analyses that are needed to be carried out to predict the flood water-surface elevations for any
ungagged water shed.
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INTRODUCTION

Flooding is a natural and recurring event for &rigr stream. Statistically, streams will equakgceed the mean
annual flood once every 2.33 years [Leopold et 264]. Flooding is a result of heavy or continusamfall
exceeding the absorptive capacity of soil and ttw £apacity of rivers, streams, and coastal ar€hi causes a
watercourse to overflow its banks onto adjacentidarFloodplains are, in general, those lands malsiest to
recurring floods, situated adjacent to rivers aneasns. Floodplains are therefore ‘flood-prone’ anel hazardous
to development activities if the vulnerability dioise activities exceeds an acceptable level.

Flooding is considered as the world’s most costpetof natural disaster in terms of both human alitiss and
property damage [Singh and Sharma, 2009]. The merBood events could cause severe damage to pyoper
agricultural productivity, industrial productionommunication networks and infrastructure, especiail the
downstream parts of catchments. The annual disesterd reveals that flood occurrence has increabedt 10
folds during the last 45 years, from 20 eventshi& year 1960, to 190 events in the year 2005 [Seheet al.,
2007]. As a result, extreme floods are posing atgo®ncern and challenge to design engineers, uinse
industries, policy makers and to the government.

Floodplains can be looked at from several diffeqparspectives: 'To define a floodplain depends samaé on the
goals in mind. As a topographic category it is gdlat and lies adjacent to a stream; geomorpho#dlyi it is a
landform composed primarily of unconsolidated déjpmsal material derived from sediments being t@orsed by
the related stream; hydrologically, it is best defl as a landform subject to periodic flooding pyasent stream.
A combination of these [characteristics] perhapspases the essential criteria for defining theofiplain’

[Schmudde, 1968]. Most simply, a flood-plain isidefl as ‘a strip of relatively smooth land bordgran stream
and overflowed [sic] at a time of high water’ [Lexg et al, 1964].

With increase in constructions along river couraed concentration of population around floodplaieaa, the
flood-induced damages are continuously increashugivities like land clearing for urbanisation ogréculture,

development of infrastructures such as highway lamdiges in the floodplain are further aggravatihg flood
magnitude. Owing to their continually changing mafufloodplains and flood-prone areas need to befaly

analysed in the light of how they might affect @& &ffected by development. The complete flood mtaia by
provision of great flood control structures likedld dams are practically impossible due to its lugét. Also, the
behaviour of flood due to flood mitigation projestich as river widening and straightening shouldhoeoughly
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analysed, as this kind of mitigation works may &fa@n the flood problem from upstream to downstreuam of the
river. The literature review manifest that the beay to analyse the flood behaviour is generatirgftood-prone
or flood hazard map. Flood-prone area maps shomasdikely to be flooded by virtue of their proximito a river,
stream, or other watercourse, from readily avadlabformation. Flood hazard maps show the exteimidation,
determined from a study of flooding at the givenaltion. The extent and severity of flood damage umaally
defined by water depth. Such an analysis can lex@fely and efficiently carried out with numericalodelling
tools on a GIS platform. This also provides a framek for decision-support system and facilitatealeation of
alternatives for flood management.

Current Status

India is one of the worst flood-affected countriesing second in the world after Bangladesh andwats for one
fifth of global death count due to floods. About dfllion hectares is flood-prone, which is aboufd f the total
geographical area (328 million ha) of the count®nph and Sharma, 2009]. The 1986 flood on the Garila
River, with a peak discharge of about 99,300 m PNageswara Rao, 2001], is the largest flood ownedn the
entire Indian subcontinent till date [Kale, 200The total area affected by floods has also inctasging these
years. The flooding occurs typically during the moon season (July - September), caused by the tfiormaf
heavy tropical storms, ever decreasing channelaigpdue to encroachments on river beds, and someediue to
tidal backwater effects from the sea. Thus, it figpome importance to minimise the property damageluce
infrastructure disturbances, and identify zoneslauittling structures having greater flood hazard #imod risk.

Studies are continually going on for mapping tlwd-prone areas in India. Several agencies, sutiheaSentral
Water Commission - CWC (Flood Atlas of India), tBailding Materials and Technology Promotion Council
BMTPC (Vulnerability Atlas of India), and the Natial Atlas and Thematic Mapping Organization — NATMO
(Natural Hazard Map of India), have been involvedhe flood-hazard mapping. Outcomes form varidudiss
indicate that the areas that are frequently vublerto flooding in the country are:

« Sub-Himalayan region and the Gangetic plains

e Brahmaputra Valley

* Punjab plains

« Mahanadi-Godavari-Krishna-Cauvery Delta plains
« Lower Narmada-Tapti-Mahi Valleys

FLOODPLAIN MODELLING

Hydrologic and Hydraulic Analysis

Hydrologic and hydraulic analyses of floods areuiszg for the planning, design, and managementarfyntypes
of facilities, including hydro-systems within a éldplain or watershed. These analyses are needettfermining
potential flood elevations and depths, area of dation, sizing of channels, levee heights, rightvafy limits,
design of highway crossings and culverts, and nudhgrs. The typical requirements include [Hogg®971:

* Floodplain information studies: Development of mmf@tion on specific flood events such as 10, 10d, Z00-
year frequency events.

« Evaluation of future land-use alternatives: Anadysf a range of flood events (with different freqcies) for
existing and future land uses to determine flooziahé potential, flood damage, and environmentakichp

« Evaluation of flood-loss reduction measures: Analyg a range of flood events (with different freqgies) to
determine flood damage reduction associated witkifip design flows.

« Design studies: Analysis of specific flood evemtsdizing facilities to assure their safety agafagtire.

 Operation studies: Evaluation of a system to daternf the demands placed upon it by specific flaagnts
can be met.

The methods used in hydrologic and hydraulic ansigse determined by the purpose and scope ofrdjegh and
the data availability.

Hydrological modelling plays a vital role in effea water management. This technique is used tailaim
rainfall-runoff, enabling to assess flood risk, mmpe decision-making about protection measuresmaitigate the
damage caused by flooding. Hydrologic analysisflfmrdplains entails either a rainfall-runoff anatysr a flood-
flow frequency analysis. If information from an adete number of historical annual instantaneousk pea
discharges is available, the flood-flow frequenaalgisis can be performed to determine peak disehfog
various return periods. Otherwise a rainfall-runaffalysis must be performed using a historicalnstor design
storm for a particular return period to developt@rs runoff hydrograph. Thus, hydrologic analysidl finally
result in a selection of hydrographs, which canflr¢her processed in the hydraulic analysis. Inegah the
approach of gathering information for hydrologi@bysis involves:
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 On-site inspections

« Study of maps and technical documents
« Analysis of hydrologic records

« Documentation of historic events

* Modelling and plausibility checks

Hydraulic analysis deals with the dynamics of flamva river or channel and in overbank areas. Hyldrau
analysers predict water-surface elevations and flelecities in time and space using the boundamditmns
such as the results of hydrologic models and rembrifood data [CRC, 2006]. For a detailed and ovgsr
comprehensive analysis, an unsteady-flow analysised upon a hydraulic-routing model and storm runof
hydrograph can be used to define more accuratekimuan water-surface elevation. The unsteady-flowlgsis
could provide more detailed information such asrtheéed-discharge hydrographs at various locattbrsughout

a river reach.

Toolsfor Modelling

Planning, execution, monitoring and assessmenkoofifmitigation projects based on the holistic amggrated
approach of Integrated Flood Management (IFM) neglkinowledge of the entire river basin to ensunaae
effective output and outcome. Advances in geosp#izhnologies (Global Positioning System (GPS)mBe
Sensing (RS) and Geographic Information System \@&ve enabled the acquisition of data and anabfsthe
river basin for urban flood hazard mapping in adasnd more accurate manner. GIS facilitates ratégn of
spatial and non-spatial geographical data suctaiagatl and stream flows, river cross-sections anaofiles and
river basin characteristics. Other information sashflood maps, infrastructures, land-use and sectmomic
information can be inventoried for future use. Flonaps prepared using satellite images of reatflxents and
information from the ground are useful for floodntge assessment, future flood mitigation planning a
validation of hydrologic and hydraulic analysis.

Hydrologic analysis of floods can be carried ouhgHEC-HMS (developed by U.S Army Corps of Engirsyeo

derive the storm-runoff hydrograph for a particuleturn period. HEC-HMS is designed to simulate riiafall-

runoff processes of dendritic watershed systems ifinsl the successor to HEC-1. Hydrologic elemeats
arranged in a dendritic network, and computatiores gerformed in an upstream-to-downstream sequeélte.
physical representation of a watershed is accommgdisvith a basin model. Basin model in HEC-HMSeisugp for
each sub-basin using two hydrologic elements: sadirfband junction. Sub-basin element handles tfiration

loss and base-flow computations, and rainfall-rlinbnsformation process. Junction element handies
observed flow data and is mainly used for the campa of the observed flow hydrographs with the dated
flow hydrographs. Meteorologic model in HEC-HMStli® major component that is responsible for théndefn

of the meteorologic boundary conditions for the -balsins. It includes precipitation, Evapotranspiratand
snowmelt methods to be used in simulations.

The time span of a simulation is controlled by cohspecifications and it include a starting datel ime, ending
date and time, and a time interval. A simulation sl created by combining a basin model, meteoiolowdel,
and control specifications. Simulation results udd information on peak flow and total volume. Arsid tools
are also designed to work with simulation runs tovjle additional information or processing. Modalibration
need to be carried out to obtain optimal valueparbimeters of different methods used in sub-basihjanction
elements. The calibrated model is then used fooffigeneration for different frequency storms. Hwairce of the
frequency storms is the Intensity-Duration-Freqyemrarves which are prepared based on long recofds o
precipitation data. Hydraulic analysis of floodsidse carried out using HEC-RAS (developed by U.BvACorps
of Engineers) and it is a replacement for HEC-2aokhivas an earlier version. Initially, HEC-RAS couldly be
used for steady, gradually varied flow modellingneTcapability of unsteady flow modelling was adde@001.
HEC-RAS model can perform water surface calculatifum gradually varied steady flow for a river reaor a full
network of channels. This steady flow componemigable of modelling subcritical, supercritical ancked flow
regime water surface profiles. The steady flow congnt is based on the solution of the one dimeasienergy
equations. A peak discharge is applied at eactscsestion to determine the maximum water surfaeeagion.
The unsteady flow component of HEC-RAS simulates-dimensional unsteady flow through a full network
open channels and is primarily used for subcritiffalv regime calculations but may also be applied f
supercritical and rapidly varied flows. The unstefidw module has some additional capabilities likkean model
storage area and hydraulic connections betweerag#oareas. The unsteady flow analysis is perforimed
applying the full equations of motion called St.n@at Equations at a cross-section with upstreandamahstream
boundary conditions and various other parameters.

The geometric data required to define in HEC-RASudes:
* Cross-section data

25



Panda and Sahoo Euro. J. Adv. Engg. Tech., 2015, 2(7):23-28

» Reach lengths (measured between cross sections)
« Stream junction information (Reach lengths acrasstjons and tributary angles)

For an unsteady flow, hydraulic structures are riedéy taking into consideration the physical paegers of the
structure in the appropriate standard structurm#brin the HEC-RAS data editor. The types of strret that can

be modelled in HEC-RAS include bridges, culvertdine and lateral weirs and gates, spillways anceés.
Moreover the unsteady component can model storagasa hydraulic connections between storage areas,
hydraulic Connections between stream reaches, pumnsiations, flap-gated culverts. Other featureduahe
floodplain encroachment analysis, channel modificatinalysis, scour analysis at bridges, groundwaterflow

and contraction and expansion losses. Post praggesapabilities include:

« Longitudinal profiles: It allows the user to viewet water surface profiles along the length of thannel for
each flow profile.

* Profile Plots: The user can view the profiles ofi@as parameters such as velocity, flow and depthhe
longitudinal direction.

» Rating curves: The user may view the computedgatimves at each cross-section.

« Perspective Plot: The user may view a 3D perspeeigw of the river system and the water surfacdilps.

* Flow and stage hydrographs: The user may visudl@e and stage hydrographs at each cross section fo
unsteady flow simulation.

« Output tables: Detailed and summarized output sablerarious parameters may be viewed and exported.

Floodplain Modelling

The evaluation of flood risk is generally based artwo-stage procedure: In the first stage, theissitil
probabilities of stage-discharge characteristicewdr sections are calculated; thereby the oveiktflow and the
river sections at which the flow exceeds the cagyapacity of the river channel are determined.

In addition, measurements of critical channel sestiare undertaken to assess the hydraulicallyrrdated

characteristics of the sections of the river counseghe second stage, the inhabited areas faitirthe greater or
lesser flood risk zone are evaluated based orefref map.

Research on flood hazard mapping [Miwa et al., 2@l8gh et al., 2005] reveals that three elememesximum

water level, the velocity of water flow, and the amt of time flood remains in a given land are&, @ssential to
evaluate possible damage. The described requiremaeatconsidered to be essential for preparatiambzn flood
management and risk plans.

Fig. 1 presents the detailed schematic representatf the different steps involved in floodplain dedling.
Rainfall-runoff modelling could be performed usiHgEC-HMS. Then peak flow probabilities need to baleated
using the flood hydrograph resulted from the sitiataof HEC-HMS and flow statistics. This analysigl yield a
hydrograph that requires for specifying the bougidamdition in hydraulic analysis using HEC-RAS .eTwater-
surface elevation, flow rate, and velocities atio#s cross-sections of a river reach could be trabeough
performing HEC-RAS simulations using the digitairéén model (DTM) and inflow hydrographs. The DTM
would be generated using the existing topographtt laathymetric data. The topographic data contaénspot
heights of the flood plain collected from the fiekthd the bathymetric data is from the river urstady.

HEC-GeoRAS is a set of procedures, tools, andtigslifor processing geospatial data in ArcGIS. TenRAS
helps in preparing the geometric data for importimgp HEC-RAS and processing results exported fiéBEC-
RAS for performing more calculations such as flamehdation and hazard mapping. To create the imfertthe
DTM of the river system in TIN or GRID format iscessary. The TIN model would be generated in AreM&S
using the spot heights acquired from different sesmwhich included:

» GPS surveyed data collected along the two rivekban
 The spot heights of the flood plains taken fromdhe/eyed data
* River bed cross section elevation data

The RAS layers include layers created for streamtrebne, cross-section cut-lines, flow-path celities, and
main channel banks. Additional layers like land (fee Manning’s ‘n’ extraction), ineffective flowraas, bridges
and culverts, storage areas, etc., could be desdlapd imported. Finally running the GeoRAS wouddclrried
out to generate the flood depth maps. Boundary itiond for the upstream as well as the downstreechosen
in terms of water levels corresponding to inputh&érges of the gauge stations or the results dddafirom the
hydrologic analysis. Hydraulic analysis is perfocrend the resulting flood depth would be comparéih whe

field surveyed data. Field data needed to be deléeby surveying the floodplain at the selecteditimns during
the flood events and it requires for model verifiza.
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Start a HEC-HMS

Feed data for basin, Meteorological
control model specifications

Perform HEG-HMS Start an Arc GIS project
Do peal flow probability Extract elevation details
Generate RAS layers

Select the inflow floo

Create RAS import file

Start a HEC-RAS project

Data editing in HEC-RAS

Perform HE(-RAS simulatiol

Create RAS export file

Generate flood plain area and depth maps

Correct inundate E—

Detailed flood plain analysis

Fig. 1 Methodology flow chart for flood plain modelling

CONCLUSION

Flood hazard mapping is an important componengagfgropriate land use planning in flood plain ardéasreates
easily-read, rapidly-accessible charts and mapstwiaicilitates the administrators and plannersi&niify areas of
risk and prioritize their mitigation or responsefoefs. This paper outlined a methodology framewaohlat
integrates advanced techniques to accurately de#rghe flood-hazard areas. Floodplain mappingiresjioth
hydrologic and hydraulic analysis. For ungaged v&fteds rainfall-runoff modelling is inevitable aitccould be
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effectively carried out using HEC-HMS. As watershpedsesses drastic spatial and temporal variati8rb&came
an important tool for floodplain modelling. HEC-GRAS is an ideal package that could map the floadpaeas
and flood water-surface elevation for various desitprms with different return periods.
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