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6. In the meanwhile, District Magistrate, Moradabad is also directed to get the demarcation of
the flood plain zone of the river in question done in accordance with the River Ganga (Rejuvenation,
Protection and Management) Authorities Order, 2016 and file the report before the Tribunal at least one

week before the next date of hearing by e-mail at judicial-ngt@gov.in preferably in the form of
searchable PDF/OCR Support PDF and not in the form of image PDF.
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6. Hence, we dispose of the original application, directing the authorities to expedite the
process of demarcation of flood plain zone in gquestion and submit quarterly report before the
Registrar General of the Tribunal disclosing the progress till the flood plain zone is demarcated and to
take action against the respondent/project proponent, if required, after demarcation of the flood plain

zone, and submit final action taken report thereafter. If found necessary, the matter will be listed before
the Bench for consideration.
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1 INTRODUCTION

FloodsconstituteoneoﬁhemajornationaIcalamitiesfacedbylndiaalmosteveryyear
resulting in substantial loss of life, large scale damage to property, disruption of
community lifelines besides entailing untold misery to the millions. Concerted efforis
have been made over the years to reduce the damage due to floods and mitigate the
sufferings of the people. Various structural flood control measures were taken up in
thepastincludingconstructionofreservoirs,embankments,drainagechannels,etc.It is,
however, now realised that absolute and permanent protection to all flood prone
areas and for all magnitudes of floods by structural measures alone is not only
impossiblebutaIsonoteconomicallyviable.Theemphasishasthereforebeenrightly
shifted to non-structural measures like Flood Plain Zoning and Regulation, Flood
Forecasting, etc., to effectively supplement the structural measures for providing
sustainableprotectiontoﬂoodaffectedareas.Thebroadconceptinﬂoodplainzoning is
toregulate the land use in order to mitigate the damage potential. The role of flood
plains and need for flood plain zoning was recognized by the Central Water
Commission(CWC)asearlyas1975.CWChadpreparedaModel FloodpiainZoning Bill
for adaptation by states but it did not receive due attention of states. This bill
envisages zoning of flood plain of a river according to flood frequencies and defines
the type of use of flood plain. The States of Manipur, Rajasthan, Uttarakhand, and
erstwhile State of Jammu & Kashmir had enacted the legisiation. This study was
originally envisaged with similar methodologies as used by CWC in the earlier study
for the Ganga River in the stretch of Haridwar to Unnao. However, as per direction
given by Hon'ble NGT it was decided to demarcate the flood plain corresponding
to once in hundred years return period flood.

2 OBJECTIVESANDSCOPEOFWORK

ThefollowingtasksaretobecarriedoutbyNIH,Roorkeeforthisstudy.
a) Estimation of floods of various return periods viz. 2 year, 3 year, 10 year, 25

year,50yearand100yearatdifferentgaugingsitesbasedonfloodfrequency
analysis

b) FloodPlainDemarcationbasedonSatelliteData/lmages.

¢) FloodPlainDemarcationbasedonhydraulicmodelling.

d) Demarcation of flood plain by combining results of Satellite Data/Images and
hydraulic modelling.

s



3 STUDYAREAANDDATA 191

ThestudyreachofRamgangariverfromUttarakhandstate boundary
confluencewiththeGanga  river s shown in  Figure 1. The
ofriverstretchisabout500kmand identified buffer zone {~
foranalysis.

uptothe
length
S to 15 km)is also demarcated

Ganga

Figure 1:IndexMapoftheStudyArea
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Followingdata/informationwillbeusedinthis study

1mgridspacingDigitalElevation Model(DEM)fromtheSurveyofindia.
30mgridspacingFABDEM(ForestAndBui!dingsremovedCopemicusDEM).
Historica!Annualpeakflooddataofgaugingsites.

Analyzed satellite datasets of Joint Research Commission- European
commission for the period 1984-2021.

Annualf event wise flood extent layer extracted from remote sensing data for
the available period from Remote Sensing Applications Centre, Uttar Pradesh
(RSAC-UP).
Surveyedrivercross~sectionandembankmentdatatobeprovidedbylrrigation and
Water Resources Department Govt. of U.P.

The[ongtermannualmaximumdataandwaterievelareavailable atthreeG&Dsites. Details

are given in Table 1.

Table1 :SummaryofdataavailabilityatvariousG&Dsites.

SN HO Site Dataavailable
1 | Moradabad 1968102023
2 | Bareilly 1970t02023
3 | Dabri 1985t02023

The 1 m grid spacing Digital Elevation Model (DEM) from the Survey of India are
madeavailabletoNlHRoorkee.Thisdatais4256Bof35369ﬁles.Themergingand
processing of these DEM data is being carried out.

Thealig nmentriverembankmentisalsoprovidedtoNfHasshowninFigure1A

4 SOFTWAREUSED

4.1

HEC—RAS,ahydrau!icmode[developedbytheUSACE,isextensivelyappiiedin

HydraulicModel

6
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calculating the hydraulic characteristics of rivers. |t is an integrated program and

usesthe following energy equation for caiculating water surface profiles:

oV al?
YAZA2=Y +Z+841p
2 2 1 1 (4

2g 2g

WhereY, Z, V, a, h e,andg represent water depth, channelelevation, averagevelocity,
velocity weighting coefficient, energy head loss, and gravitational acceleration; and
subscripts 1 and 2, respectively, show cross sections 1 and 2. This program provides
user to input data, data correction, to receive output display and analysis. HEC-RAS
model needs details of river cross sections and upstream flow rate. The water depthand
mean velocity are calculated for a given cross section using the energy conservation
equation HEC-RAS calculates the water levels’ variation along thechannel and the
water level values are overlaid on a digital elevation model (DEM) of the area to get the
extent and flood depth using GIS. Spatial data like cross section, river reach, stream
network, flow paths, and others have been obtained using RAS mapper of HEC-RAS.

The U. S. Army Corps of Engineers (USACE) developed HEC-RAS, and it is the latest
product of 90 years of hydraulic modelling experience in the United States. Hydraulic
modelling development began in the United States after a major flood event on the
Mississippi River in 1927 prompting the USACE to begin exploring options to prevent
flooding. The Hydrologic Engineering Centre (HEC) is a branch of the USACE that was
established for the purpose of researching and developing new techniques to deal with
the effects of floods (US Army Corps of Engineers). HEC originally began developing
physical models to simutate river flow, but as technology progressed, computer
programs that could simulate floods were developed. The computer models were then
used to predict water surface profiles in response to potential future flood events and
better prepare. The latest update on the program, HEC-RAS 6.5 includes capabilities to
model the hydraulics of a river both one and two dimensionally. The three governing
equations of hydraulics are the energy equation, the momentum equation, and the
continuity equation. One-dimensionalHEC-RASuses avariationof theenergy equation in
a procedure called the standard step method to calculate the water surface elevation
corresponding to different discharges flowing through the hydraulic system being
modelled.



The stand outputs of HEC RAS model is water surface elevation, depth and velocity.
With use of DEM the inundation boundary and other maps can be generated in RAS
mapper. These maps can be exported to as vector file (shape) and raster file (.tif) for
mapping and further analysis by GIS software.

4.2 Geographicinforr tionSystem(GIS)

A Geographic Information System (GIS) is required for working with geographical data
(both vector and raster) and preparation of maps. Built by Esri, ArcGIS is a
comprehensive geospatial platform that integrates and connects data through the
context of geography. It provides world-leading capabilities for creating, managing,
analyzing, mapping, and sharing ail types of data. In this study ArcGIS and QGIS an
open-source software are used as GIiS platform.

5 METHODOLOGY

All relevant data, information collected from various agency are analysed in the
following manner;

5.1 FloodFrequencyAnalysis

The annual maximum discharge series of available three G&D sites are shown in
Figure 2. Flood frequency analysis of annual maximum discharge series of available
period has been carried out using the L-moments approach as described elsewhere
(Hosking and Wallis, 1997: Kumar and Chatterjee, 2005). Twelve frequency
distributions viz. extreme value (EV1), general extreme value (GEV), logistic (LOS),
generalized iogistic (GLO), normal (NOR), generalized pareto (GPA), generalized
normal (GNO), uniform (UNF), exponential (EXP), pearson Type-lll (PT3), kappa
(KAP) and wakeby (WAK) have been used to identify robust distribution based on the
L-moment ratio diagrams and the Ztis—statistic criteria. The Estimated floods of
various return periods at three G&D sites are shown in Table 2. The best fitted
frequency distribution for each site is also given in the bracket.

Jay
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Table2: Estimatedfioodsofvariousreturnperiods
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Figure 2: Annual maximum discharge series

2004 J—

| ReturnPeriod Discharge(cumec)
(Year) Moradabad Bareilly Dabri(
. (GPA) (GPA) GPA)
2 726.8 1735.6 1858.8
5 1618.8 34917 3793.7
10 2362.6 4888.6 5175.3
20 3171.5 6347.3 6490.0
25 3446.8 6830.5 6899.5
50 4350.8 83751 8130.7
100 5334.1 9988.0 9302.4

5.2 SatelliteBasedApproach

The Joint Research Centre-European Commission has analyzed Landsat multispectral
satellite images of the past 37 years (1984-2021) for deriving the frequency with which
water returns from year to year ie. recurrence interval and maximum flood extent.

Thesedataarebeinganalyzed.TheﬂoodinundationExtentofrecentyearswiilalsobe
colIectedfromtheRSAC,UP.Thisdatasetwillincluderecentfloodeventsof2000and
2010etc. TheLandsatsatellitescollectimagesoftheEarth'ssurfaceona 6-day




repeat cycle, whereas daily inundation layer will be obtained from RSAC, UP. Hencethe
RSAC, UP is expected to provide more detail representation of flooding extent.

LA
o M

1ydraulicMode roach

2

HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in

calculating thehydrauiiccharacteristicsof rivers. HEC-RASmodel needsdetailsof river

cross sections (for 1-D modeliing) and DEM (for 2-D modelling and flood inundation

mapping)apartfromboundaryconditions(discharge,waterleveletc.).Thelatestupdate on
the program, HEC-RAS 6.5 includes capabilities to model the hydraulics both one and

two dimensionally is used for this study. The HEC-RAS model is being setup using

following data:

5.4

¢ Upstream branch to provide constant flood magnitude equal to 100 year return
period at upstream boundary (Moradabad and distributed in proportion to
catchment area).

» Downstream boundary as depth/water level of the Ganga River to be linearly
estimated/interpolated between Kanpur and Ankinghat site.

. Floodplainbathymetry(DEM),Rivercross—sectionforroutingtheflows.

 Different locations (G&D sites) flow is added to match the estimated flood of
corresponding return period at the intermediate gauging sites (Moradabad,
Bareiily, Dabri etc.).

Calibration of Ramganga river model
HEC-RAS runs good for both 2-Dimensional and 1-Dimensional. Here, 1D is used

because of its less run time and showing results at exact location of gauging sites
using cross-section. Figure 3 shows the 1D view of Ramganga HEC-RAS model.
The cross-sections data of river are surveyed by agency but yet to be supplied to
NiH. So, here the cross-sections are taken from DEM given by SOI and the
moc~ling is performed.

The discharge and water level data of three gauging sites (Moradabad, Bareilly
and Dabri) are used and modeling is performed. For the upstream boundary
condition maximum water level of Kalagarh dam is used and as downstream
bounary condition normal depth is used at the last cross-section of model. HEC-
RAS model has been setup for the calibration part of modeling, using annual

maximum discharge and water level data of year 2010 and 2011 given by agency.

10
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The calibration results and maximum extent of flood inundation are shown in the
below given Figures 4,5 and 6. As shown in Table 2, the observed maximum
water ‘evel (WL_OBS (m)) and simulated maximum water level (WL_SIM (m)) are
complementing nicely with each other, this suggests that the model is running
good and further it can be used for modeling the results of return period floods.
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Figu ~-Dimensional HEC-RAS modeling for Ramganga river flood plain zoning
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Figure 4. Profile plot of Ramganga river flood plain zoning
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Figure 6: Ramganga river flood inundation extent for calibrated data

|95

Table2:Calibrated maximum annual water level results at gauging sites for the year 2010 and

2011
Year (2010) Year (2011)

B WL_OBS (m) 192.35 191.23
WL_SIM (m) 192.82 192.32

Q {cumec) 6400.28 2044.8

BAREILLY

WL_OBS (m) 162.79 162.4

WL_SiIM (m) 163.61 163.67

Q (cumec) 8496.71 6075
BAE WL_OBS (m) 138.85 138.515
WL_SIM (m) 138.94 138.96
Q (cumec) 4570.62 4650.78




6 FLOODPLAINDELINEATION

The final hydraulic model result for 100 year return period flood may have small islands
within the flood extent causing inundation gaps. These gaps will be filled to get final
inundation area. Further the inundation extent to be provided by the RSAC, UP
(satellite-based approach) will be compared with gap filled inundation area. The
maximum extent will be considered as flood plain zone.The delineated flood plain for
100 year return period flood will be provided in forms of map and results in KML file
{can be opened in Google Earth) and shape files. The tabular value of coordinate
(Longitude, Latitude) will also be provided.

14



7  FutureWorkPlan
Themajortimeiineofactivitiesofthisstudyaregivenbelow.Asmentionedatsection3. 1 the

satellite /remote sensing-based flood inundation extent needs to be obtained from
RSAC, UP and further classification/ ground truthing for extraction of riverine Flood
(floodingduetooverbankﬂoodoftheramgangariver)andthiswillbejointlycarriedoutby NiH and
Irrigation and Water Resources Department, Govt. of UP. Moreover, the DEM provided
by SOI is being pre-processed for hydraulic modelling. The hydraulicmodelling
approach based inundation map will be developed using these data as per availability
of any surveyed river cross-section. After this, in hybrid approach both the results will
be combined by taking union of the flood inundation areas obtained these approach to
make final flood plain boundary- for 100 year return period flood. The flood
plainboundarywillbeprovidedasgeoreferencedGIS!ayer(shapefile)sothatitcanbe super
imposed over any other layer as per requirement. The coordinates (Lat, Long) at
regular interval will also be provided, so that it can be marked on the ground when
required.

20)

Month

SN TaskiComponent "Nov [ Dec[ Jan| Feb| March|

2 | DatacollectionandProcessing

o Dischargedata,embankment, JRCdata Completed

» SOIDEM,rivercross-section,satellitebase Under
inundation extent from RSAC, UP progress

Floodfrequencyanalysis Completed

Floodplainzoningbasedonthe JRCSatelliteimages of

past 37 years (1984-2021) Completed
FloodPlainDemarcationbasedonSatellite Data/images ri e
(RSAC, UP) L.
HECRASmodelsetup (Calibration/validation) L | el

~J| O (431 B W

Finalizationofhydraulicmodelresults

Submissionofinterimfindingsdiscussion,ground truthing/
result verification

Demarcationofflood plain

0 | SubmissionofdraftReport
1 | Submissionoffinal Report

*Finalreportwillbesubmittedafterincorporatingthecommentsreceivedfromthe sponsoring
agency.
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