CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

A fl00d is an unusually high stage in a river. It is an OverflOw Of water Outside its nOrmal
cOurse. A flOOd results when a stream runs Out Of its cOnfines and submerges surrOunding areas.
A fl00d frOm sea may be caused by a heavy stOrm, a high tide, a tsunami, Or a cOmbinatiOn
thereOf. As many urban cOmmunities are 10cated near the cOast this is a majOr threat arOund the
wOrld. The annual cycle Of fl00d and farming was Of great significance tO many early farming
cultures, mOst famOusly tO the ancient Egyptians Of the Nile River and tO the MesOpOtamians Of
the Tigris and Euphrates rivers. In less develOped cOuntries, humans are particularly sensitive tO
fl00d casualties because Of high pOpulatiOn density, absence Of zOning regulatiOns, lack Of fl00d
cOntrOl, and lack Of emergency respOnse infrastructure and early warning systems. Bangladesh is
One Of the mOst susceptible cOuntries tO flOOd disasters. AbOut One half Of the land area in
Bangladesh is at an elevatiOn Of less than 8 meters abOve sea leveXI. Up t0 30% Of the cOuntry
has been cOvered with fl00d waters. In 1991 mOre 200,000 deaths resulted frOm fl00ding and
assOciated trOpical cyclOnes. In industrialized cOuntries the 10ss Of life is usually 10wer because
Of presence Of fl0OOd cOntrOl structures, zOning regulatiOns that prevent the habitatiOn Of
seriQusly vulnerable lands, and emergency preparedness. Still, prOperty damage and disruptiOn
Of life takes a great tOll, and despite fl0Od cOntrOl structures and land use planning, fl00ds still
d0 Occur.

AccOrding tO the repOrt Of InternatiOnal FederatiOn Of Red CrOss and Red Crescent
sOcieties mOre than 16 milliOn peOple are affected in India, Nepal and Bangladesh and the death
tOll reaches tO mOre than 400. FIOOds have becOme majOr humanitarian crises and there is urgent

action needed.

HEC-RAS is based On the U.S. Army COrps Of Engineers’ HEC-RAS water surface
prOfile mOdel used fOr mOdeling bOth steady and unsteady, One-dimensiOnal, gradually varied
flow in bOth natural and man-made river channels. HEC-RAS alsO allOws sediment

transpOrt/mObile bed cOmputatiOns and water temperature mOdeling.
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HECRAS versiOn 5 and later includes functiOnality tO analyze water flOws mOving

acr0ss a surface this is knOwn as 2D fl00d mOdeling and prOvides mOre accurate mOdeling Of

water mOvement acr0ss a surface than 1d (Or sectiOn based) fl00d mOdeling.
HEC-RAS can be used fOr

Steady and unsteady flOow mOdeling.

Mixed flOw regime analysis, allOwing analysis Of bOth subcritical and supercritical flOw

regimes in a single cOmputer run.

Bridge and culvert analysis and design, including FHWA culvert rOutines fOr elliptical,

arch, and semi-circular culverts

Multiple bridge and culvert Openings Of different types and sizes at a rOadway cr0ssing.
FIOOdplain and fl00Odway encrOachment mOdeling

Tidal bOundary cOnditiOns

ReservOir and spillway analysis

User defined rules fOr cOntrOlling gate OperatiOns

Pumping Of fl0Oded areas.



1.2 FLOW CHART FOR FLOOD MAPPING USING ARCGIS AND
HECRAS
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The river generally exhibit a two stage grometry
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1.3 SITE DESCRIPTION

e The study area is a pOrtiOn Of the WOIf River and its twO main tributaries .In tOtal, the
WOIf River is 138 km 10ng with a 2121 km? watershed.

e Tributary 1 and tributary 2 have 83 km? and 148 km? Of cOntributing tOtal basin area,
respectively .

e TOpOgraphy within the WOIf River watershed ranges frOm 60 tO 130 meters abOve mean
sea level

e The area receives an average precipitatiOn Of 130 cm per year, with precipitatiOn mOre
cOmmOn frOm March tO May and mOre extreme in mOnth Of NOvember tO December.

e TOpOgraphy within the WOIf River watershed ranges frOm 60 tO 130 meters abOve mean
sea level

e The upstream sectiOn Of the WOIf River basin cOnsists Of a mixture Of fOrest, wetland

and agricultural areas, while the 10wer sectiOn is dOminated by urban develOpment

There are three tOpOgraphic datasets fOr the study area. They are the USGS 30- and 10-
meter digital elevatiOn mOdels (DEM) and a mOre recently develOped 1-meter resOlutiOn LiDAR
dataset. The LIDAR data, acquired by USGS and NGTOC (NatiOnal GeOspatial Technical
OperatiOns Center) between December 2010 and January 2011, is used in this study tO map the
lateral fl00d extents simulated by hydraulic mOdels.
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1.4 DIGITAL TERRAIN MODEL SOURCE

In late 2010, the United States gOvernment released the highest resOlution SRTM DEM
tO the public. This 1-arc secOnd glObal digital elevatiOn mOdel has a spatial resOlutiOn Of abOut



30 meters. AlsO, it cOvers mOst Of the wOrld with absOlute vertical height accuracy Of less than
16m SRTM DEM data is being hOused On the USGS Earth ExplOrer.

1.5 HEC RAS

HEC-RAS is integrated system Of sOftware, designed fOr interactive use in a multi-user and
multi-tasking envirOnment. The system is cOmprised Of Graphical user Interface Separate
hydraulic analysis cOmpOnents, data stOrage and management capabilities, graphics and
repOrting facilities The HydrOlOgic Engineering Center’s River Analysis System allOws t0

perfOrm variOus wOrks which can be listed as fOllOws

e One- dimensiOnal steady

e One and TwO-dimensiOnal steady and unsteady analysis
e Sediment transpOrt hydraulics

e MObile bed cOmputatiOns

e Water temperature mOdeling

e Water quality mOdeling

1.5.1 1D RIVER ANALYSIS COMPONENTS
.HECRAS System cOmprise Of fOur 1D River Analysis COmpOnents fOr

e Steady water surface prOfile cOmputatiOn

e Unsteady FIOw SimulatiOn(1D and 2D hydrOdynamics)
e Water quality Analysis

e Sediment TranspOrt COmputatiOns

1.6 HYDAULIC CAPABALITIES OF HEC RAS

1.6.1 Steady Flow Water Surface Profiles

This capability Of HEC-RAS is t0 calculate the water surface prOfiles fOr flOw which is
steady and gradually varying in nature. It can handle numerQus river prOfiles and geOmetries
frOm single River tO Dendritic system and Over a netwOrks Of Channels. The steady flOw
cOmpOnent can mOdel supercritical, subcritical and mixed flOw regime surface proOfiles.

COmputatiOn is dOne based On the results Of using 1-D Energy equatiOn.



e LOss Of energy is calculated using Resistance equatiOn like manning’s equatiOn and
cOefficient fOr expansiOn and cOntractiOns are multiplied with velOcity head.

e FOr rapidly varied flOw as 10ss Of energy is there thus we use mOmentum equatiOn fOr
finding water surface proOfiles.

e Where there are stream junctiOns, bridge hydraulics and hydraulic jump Occurs we use
mOmentum equatiOn as this incOrpOrates mixed flOw regime calculatiOns.

e Effects Of ObstructiOn such as spillways, bridges, culvert, weirs and Other structure can be

cOnsidered while dOing the cOmputatiOns.

1.6.2 Applications of finding water surface profiles
e FI0O0dplain management
e FIOO0d insurance studies

e Change In water surface elevatiOns pOst channel imprOvements and leeve cOnstructiOn

etc.

1.6.3 SPECIAL FEATURES
e Multiple plan analysis
e Multiple prOfile cOmputatiOns
e Multiple bridge and/Or culvert Opening analysis
e Split flow OptimizatiOns at stream junctiOns

e [Lateral weirs and spillways

1.7 UNSTEADY FLOW SIMULATION

This cOmpOnent Of HEC RAS enables tO simulate 1-D unsteady flOw, 2-D unsteady
flow and cOmbined 1-D and 2-D unsteady flow mOdeling thrOugh netwOrk Of channels.1D
Unsteady flOw sOlver equatiOn is taken frOm Dr. RObert Barkau’s UNET mOdel this was
primarily designed fOr sub-critical flOw regime calculatiOn.The 2D unsteady flOw sOlver
equatiOn was intrOduced at HEC and was integrated int0 HEC- RAS unsteady flOw engine in
Order tO perfOrm cOmbined 1D and 2D hydrOdynamic mQdeling The hydraulic calculatiOns fOr

Cr0Oss-sectiOns, culvert and Other hydraulic structures which were develOped fOr steady flOw



were incOrpOrated in unsteady flow mOdule. AdditiOnal this is capable Of mOdeling stOrage areas

and hydraulic cOnnectiOn between them, 2D flOw areas and between stream reaches.

1.8 SEDIMENT TRANSPORT

This mOdeling system is dOne tO simulate 1-D sediment transpOrt and mOvable bOundary
calculatiOn which Occurs as a result frOm scOuring and depOsitiOn actiOn Over mOderate time
periOds. Sediment transpOrt pOtential is calculated by Grain size fractiOn thus allOwing tO
simulate hydraulic sOrting and armOring. Features Include full mOdeling Of netwOrk Of streams,

channel dredging and using different equatiOn fOr sediment transpOrt.

MOdel is designed tO simulate 10ng-term trends Of scOurs and depOsitiOn by changing
trends Of flO0d frequency, stage Of channel, discharge in channel and mOdificatiOn in channel

geOmetry.

1.8.1 Application of Sediment Transport System
e EvaluatiOn Of silting in ReservOirs
e Predicting influence Of dredging On rate Of silting
e CalculatiOn Of maximum scOuring that can Occur during fl0Ods

e Designing channel cOntractiOn fOr maintaining navigable depth

1.9 WATER QUALITY ANALYSIS

This mOdeling system allOws tO perfOrm riverine water quality analysis. It includes the
follOwing

e Detailed temperature Analysis
e TranspOrt Of water quality cOnstituents like-
I.  Algae
Il.  DissOlved Oxygen
1. CarbOnaceOus biOchemical Oxygen Demand
IV.  DissOlved OrthOphOsphate
V.  DissOlved Organic PhOsphOrus
VI.  DissOlved AmmOnium Nitrate
VII.  DissOlved Nitrite NitrOgen
VIIl.  DissOlved Nitrate NitrOgen



IX.  DissOlved Organic NitrOgen

1.10 BASIC EQUATIONS USED IN HEC RAS
1.10.1 EQUATION FOR BASIC PROFILE CALCULATIONS

Water surface prOfile is calculated by sOlving energy equatiOn in an Iterative prOcedure frOm One
crOss-sectiOn tO Other mOving upstream by standard step methOd frOm a assumed Or knOwn

bOundary cOnditiOn at dOwnstream.

Energy equatiOn used is :

Zo+ Yo+ 0o V2129 = Z1 + Y1 +a1 VA4/2g + he
Where Zi, Z,=ElevatiOn Of main channel Invert
Y1, Y, = water surface elevatiOn fOrm bOttOm

a1, oz = Energy cOrrectiOn factOrs

he=head 10ss due t0 frictiOn and expansiOn and cOntractiOn within 2 crOss- sectiOns
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Fig 1.4 RepresentatiOn Of terms in energy equatiOn

He = LSt + C [ ao/V%2/2g9 — 0,V*1/29 ]
S¢ = FrictiOn slOpe between twO0 sectiOns

C = ExpansiOn/cOntractiOn 10ss cOefficient
L = Discharge weighted Reach length



1.10.2 CROSS SECTION SUBDIVISION FOR CONVEYANCE
CALCULATION

COnveyance is calculated using manning’s equatiOn. DeterminatiOn Of velOcity
cOefficient and tOtal cOnveyance mandates the divisiOn Of flOw intO the units where velOcity can
be taken as unifOrmly distributed. The basis Of sub-divisiOn fOr HEC-RAS is break pQint in n

values that is where there is change in manning’s rOughness cOefficient in the Overbank areas.

K =1.486/n AR2/3
Q=K(Sp"”

K = COnveyance fOr subdivisiOn

n = Manning’s rOughness cOefficient

A = FIOw area fOr sub-divisiOn

R = Hydraulic Radius fOr s sub-divisiOn

Sk = SlOpe Of Energy Grade line

Main channel cOnveyance is take a single cOnveyance element PrOgram sum up the incremental
cOnveyance tO get left and right bank cOnveyance and the tOtal cOnveyance is the tOtal sum Of

left Overbank, right Over bank and main channel
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Fig 1.5 Default COnveynace sub-divisiOn methOd




1.10.3 COMPOSITE MANNING’S N FOR THE MAIN CHANNEL

FIOw in the main channel is sub-divided Only when ROughness cOefficient is changed in
channel reach .If side slOpe Of main channel is steeper than 5H:1V and main channel has mOre

than 1 rOughness value, cOmpOsite rOughness n will be fOund Out(nc)

nc=Y [(Pin; +°) IP1H®

nc = cOmpOsite cOefficient Of rOughness

i)
1]

Wetted perimeter Of entire channel

Pi = wetted perimeter Of divisiOn |

1.10.4 EVALUATION OF THE MEAN KINETIC ENERGY HEAD

Within the 1D River reach segments, Only a single water surface and therefOre a single
mean energy is cOmputed at each crOss sectiOn. FOr a given water surface elevatiOn, the mean
energy is calculated by flow weighted energy frOm the three subsectiOns Of the CrOss sectiOn

(right Over bank, left Over bank , main channel)

Fig 1.6 kinetic Enerqgy Head

V1 = Mean velQOcity fOr sub-area 1

V, =Mean velQcity fOr sub-area 2

TO cOmpute the mean kinetic energy it is mandatOry tO get velOcity head weighting cOefficient
alpha. CalculatiOn Of alpha can be dOne as-

Mean Kinetic Energy Head = Discharge-Weighted VelOcity Head
aVa’ = (Q1V17/2g + Q2V2729) /(Q1+ Qo)
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In General
o= (Q1V21 + Q2V22 +...... QNVZN) / szav
The velOcity cOmpOnent, a is cOmputed based On the cOnveyance in the three flOw elements —

(right Overbank, left Overbank, main channel)

It can alsO be fOund in terms Of area and cOnveyance as fOllOws

o= (Ar)? [ K100/ A%i0n + K3/ AZeh + K300 A%on] 1 K

A = TOtal flOw area Of crOss sectiOn

Ach Arob Aiob = FIOw areas Of channel, right Over bank, left Overbank
Kioo Ken Krop = cOnveyances Of left Over bank ,channel, right Overbank
Kt = tOtal cOnveyance Of crOss sectiOn

1.10.5 FRICTION LOSS EVALUATION

FrictiOn 10ss is evaluated as the prOduct Of representative frictiOn slOpe Of the reach (Sy)

and the length, L FrictiOn slOpe is calculated at each crOss sectiOn using Manning’s equatiOn as —

St = (Q/K)?
Several Alternative expressiOns fOr the representative reach frictiOn slOpe in HEC RAS are as

fOllOws

e Average cOnveyance equation : S¢ = [(Q1 + Q2)/(K1 +K2)J?

e Average frictiOn slOpe equatiOn: S¢ = (Sf1 + S2)/2

e GeOmetric Mean FrictiOn SlOpe equation: S = (St * Sp)*?

e HarmOnic Mean FrictiOn SIOpe EquatiOn: S = 2*(Ss; *St, )/( Sii+St)

Average cOnveyance equatiOn is the default equatiOn used by the prOgram it is used
autOmatically unless different equatiOn is selected by the user. Other equatiOn can be selected by

the user depending On flOw type and flOw regime.

1.10.6 CONTRACTION AND EXPANSION LOSS EVALUATION
hee = C*[o1 V41/20 - 02 V%/20]

C =ExpansiOn and cOntractiOn cOefficient
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HEC RAS PrOgram assumptions:

e COntractiOn when velQOcity head dOwnstream is greater than velOcity head upstream.

e ExpansiOn when velOcity head upstream is greater than velOcity head dOwnstream.

1.11 BASIC DATA REQUIREMENT-GEOMETRIC DATA

The main Objective is tO find the water surface elevatiOns fOr a defined set Of flOw data(Steady
flow simulatiOn ) Or can be by rOuting hydrOgraphs(Unsteady flOw simulatiOn) .The data

required tO perfOrm these cOmputatiOns can be divided in categOries as fOllOws

e GeOmetric data- fOr any Of the analysis perfOrmed within HEC RAS
e Unsteady flOw data- unsteady flOw cOmputatiOns
e Steady flOw data- steady flOw cOmputatiOns

1.11.1 STUDY LIMIT DETERMINATION
When we perfOrm hydraulic study, it becOmes nOrmally necessary tO gather data bOth Of

upstream side and dOwnstream side Of the study reach. COllecting additiOnal data upstream is
mandatOry in Order tO find any upstream impacts because Of cOnstructiOn alternatives that are

being evaluated within the study reach.

The limits fOr the data gathering upstream shOuld be at such a distance that the increase
in water surface prOfile resulting frOm a channel mOdificatiOn cOnverges with the existing
cOnditiOns prOfile. AdditiOnal data cOllectiOn at dOwnstream Of the study reach is necessary in
Order tO prevent any user-defined bOundary cOnditiOn frOm affecting the results within the study
reach. In general, the water surface at the dOwnstream bOundary Of a mOdel is nOt nOrmally

knOwn.

A cOmmOn practice is tO use Manning’s equatiOn and cOmpute nOrmal depth as the
starting water surface. The actual water surface may be higher Or IOwer than nOrmal depth. The
use Of nOrmal depth will intrOduce an errOr in the water surface prOfile at the bOundary. In
general, fOr subcritical flOw, the errOr at the bOundary will diminish as the cOmputatiOns prOceed

upstream. In Order tO avOid any cOmputed errOrs in the study reach, the unknOwn bOundary
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cOnditiOn shOuld be placed far enOugh dOwnstream such that the cOmputed prOfile will cOnverge

t0 a cOnsistent answer by the time the cOmputatiOns reach the dOwnstream limit Of the study.

1.11.2 RIVER SYSTEM SCHEMATIC

The River System schematic is required fOr any GeOmetric data set within the HEC-RAS
system. The schematic defines hOw the variOus River reaches, StOrage Areas, and 2D flOw areas
are cOnnected, as well as establishing a naming cOnventiOn fOr referencing all the Other data.The
river system schematic is develOped by drawing and cOnnecting the variOus hydraulic elements
Of the system within the geOmetric data editOr.. Each river reach On the schematic is given a
unique identifier. As Other river reach data are entered, the data are referenced t0O a specific reach
Of the schematic. FOr example, each crOss sectiOn must have a “River”, “Reach” and “River
StatiOn” identifier. The river and reach identifiers defines which reach the crOss sectiOn lives in,
while the river statiOn identifier defines where that crOss sectiOn is I0cated within the reach, with
respect tO the Other crOss sectiOns fOr that reach. The cOnnectivity Of reaches is very impOrtant
in Order fOr the mOdel tO understand hOw the cOmputatiOns shOuld prOceed frOm One reach tO
the next. The user is required tO draw each reach frOm upstream tO dOwnstream, in what is
cOnsidered tO be the pOsitive flOw directiOn. The cOnnecting Of reaches is cOnsidered a junctiOn.
JunctiOns shOuld Only be established at I0catiOns where twO Or mOre streams cOme tOgether Or
split apart. JunctiOns cannOt be established with a single reach flOwing intO anOther single reach.

These twO reaches must be  cOmbined and defined as One reach

13



1.11.3 CROSS SECTION GEOMETRY

Cr0ss-sectiOn geOmetry fOr the analysis Of flOw in natural streams is specified in
terms Of grOund surface prOfiles (crOss sectiOns) and the measured distances between
them (reach lengths). CrOss sectiOns are IOcated at intervals alOng a stream tO
characterize the flOw carrying capability Of the stream and its adjacent flOOdplain. They
shOuld extend acrOss the entire fl0Odplain and shOuld be perpendicular tO the anticipated
flOw lines. OccasiOnally it is necessary tO layOut crOss-sectiOns in a curved Or dOg-leg
alignment t0 meet this requirement. Every effOrt shOuld be made tO Obtain crOss sectiOns

that accurately represent the stream and fl0Odplain geOmetry.

1.11.3.1 OPTIONAL CROSS SECTION PROPERTIES

e Ineffective flOw areas
e Levees

e BIlOcked ObstructiOns

1.11.4. REACH LENGTH

The measured distances between crOss sectiOns are referred tO as reach lengths. The
reach lengths fOr the left Overbank, right Overbank and channel are specified On the crOss
sectiOn data editOr. Channel reach lengths are typically measured alOng the thalweg.
Overbank reach lengths shOuld be measured alOng the anticipated path Of the center Of
mass Of the Overbank flOw. Often, these three lengths will be Of similar value. There are,
hOwever, cOnditiOns where they will differ significantly, such as at river bends, Or where
the channel meanders and the Overbanks are straight. Where the distances between crOss
sectiOns fOr channel and Overbanks are different, a discharge-weighted reach length is
determined based On the discharges in the main channel and left and right Overbank

segments Of the reach
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1.11.6 ENERGY LOSS COEFFICIENT

Several types Of 10ss cOefficients are utilized by the prOgram tO evaluate energy
I0sses: (1) Manning’s n values Or equivalent rOughness “k” values fOr frictiOn 10ss, (2)
cOntractiOn and expansiOn cOefficients tO evaluate transitiOn (shOck) 10sses, and (3)
bridge and culvert 10ss cOefficients tO evaluate 10sses related tO weir shape, pier
cOnfiguratiOn, pressure flOw, and entrance and exit cOnditiOns Manning’s n. SelectiOn
Of an apprOpriate value fOr Manning’s n is very significant tO the accuracy Of the
cOmputed water surface elevatiOns. The value Of Manning’s n is highly variable and
depends On a number Of factOrs including: surface rOughness; vegetatiOn; channel
irregularities; channel alignment; scOur and depOsitiOn; ObstructiOns; size and shape Of
the channel; stage and discharge; seasOnal changes; temperature; and suspended
material and bedlOad.In general, Manning’s n values shOuld be calibrated whenever
Observed water surface elevatiOn infOrmatiOn (gaged data, as well as high water marks)
is available. When gaged data are nOt available, values Of n cOmputed fOr similar
stream cOnditiOns Or values Obtained frOm experimental data shOuld be used as guides

in selecting n values.

There are several references a user can access that shOw Manning's n values
fOr typical channels. An extensive cOmpilatiOn Of n values fOr streams and
floOdplains can be fOund in ChOw’s bOOk “Open-Channel Hydraulics”
[ChOw, 1959].

1.11.7 STREAM JUNCTION DATA

Stream junctiOn is defined as a pOint where twO Or mOre stream cOme tOgether Or
split apart. JunctiOn cOnsists Of reach length acrOss the junctiOn and tributary angles
.reach length acrOss the junctiOn are entered in the junctiOn data editOr. This allOws fOr

the lengths acrOss very cOmplicated structure tO be accOmmOdated
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1.12 STEADY FLOW DATA

Steady flOw data are required in Order tO perfOrm a steady water surface prOfile
calculatiOn. Steady flOw data cOnsist Of: flOw regime; bOundary cOnditiOns; and

discharge infOrmatiOn (peak flOws Or flOw data frOm a specific instance in time).

1.12.1 FLOW REGIME

PrOfile cOmputatiOns begin at a crOss sectiOn with knOwn Or assumed starting
cOnditiOns and prOceed upstream fOr subcritical flOw Or dOwnstream fOr supercritical
flow. The flOw regime (subcritical, supercritical, Or mixed flOw regime) is specified On
the Steady FIOw Analysis windOw Of the user interface. Subcritical prOfiles cOmputed by
the prOgram are cOnstrained tO critical depth Or abOve, and supercritical prOfiles are
cOnstrained tO critical depth Or belOw. In cases where the flOw regime will pass frOm
subcritical tO supercritical, Or supercritical tO subcritical, the prOgram shQuld be run in a

mixed flOw regime mOde

1.12.2 BOUNDARY CONDITIONS

BOundary cOnditiOns are necessary tO establish the starting water surface at the
ends Of the river system (upstream and dOwnstream). A starting water surface is
necessary in Order fOr the prOgram tO begin the calculatiOns. In a subcritical flOw
regime, bOundary cOnditiOns are Only necessary at the dOwnstream ends Of the river
system. If a supercritical flOw regime is g0ing tO be calculated, bOundary cOnditiOns are
Only necessary at the upstream ends Of the river system. If a mixed flOw regime
calculatiOn is g0Oing tO be made, then bOundary cOnditiOns must be entered at all ends Of
the river system. The bOundary cOnditiOns editOr cOntains a table listing every reach.
Each reach has an upstream and a dOwnstream bOundary cOnditiOn. COnnectiOns tO
junctiOns are cOnsidered internal bOundary cOnditiOns. Internal bOundary cOnditiOns are

autOmatically listed in the table, based On hOw the river system was defined in the
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geOmetric data editOr. The user is Only required tO enter the necessary external bOundary

cOnditiOns. There are fOur types Of bOundary cOnditiOns available tO the user:

KnOwn Water Surface ElevatiOns - FOr this bOundary cOnditiOn the user must enter a

knOwn water surface elevatiOn fOr each Of the prOfiles tO be cOmputed

Critical Depth - When this type Of bOundary cOnditiOn is selected, the user is
nOt required tO enter any further infOrmatiOn. The prOgram will calculate critical

depth fOr each Of the prOfiles and use that as the bOundary cOnditiOn.

NOrmal Depth - FOr this type Of bOundary cOnditiOn, the user is required tO
enter an energy slOpe that will be used in calculating nOrmal depth (using
Manning’s equatiOn) at that I0catiOn. A nOrmal depth will be calculated fOr each
prOfile based On the user-entered slOpe. In general, the energy slOpe can be
apprOximated by using the average slOpe Of the channel, Or the average slOpe Of

the water surface in the vicinity Of the crOss sectiOn.

Rating Curve - When this type Of bOundary cOnditiOn is selected, a pOp up
windOw appears allOwing the user tO enter an elevatiOn versus flOw rating curve.
FOr each prOfile, the elevatiOn is interpOlated frOm the rating curve given the
flOw, using linear interpOlatiOn between the user-entered pOints. Whenever the
water surface elevatiOns at the bOundaries Of the study are unknOwn; and a user
defined water surface is required at the bOundary tO start the calculatiOns; the user
must either estimate the water surface, Or select nOrmal depth Or critical depth.
Using an estimated water surface will incOrpOrate an errOr in the water surface
prOfile in the vicinity Of the bOundary cOnditiOn. If it is impOrtant tO have
accurate answers at crOss sectiOns near the bOundary cOnditiOn, additiOnal crOss
sectiOns shOuld be added. If a subcritical prOfile is being cOmputed, then
additiOnal crOss sectiOns need Only be added belOw the dOwnstream bOundaries.
If a supercritical prOfile is being cOmputed, then additiOnal crOss sectiOns shQuld
be added upstream Of the relevant upstream bOundaries. If a mixed flOw regime

prOfile is being cOmputed, then crOss sectiOns shOuld be added upstream and
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dOwnstream Of all the relevant bOundaries. In Order tO test whether the added
crOss sectiOns are sufficient fOr a particular bOundary cOnditiOn, the user shOuld
try several different starting elevatiOns at the bOundary cOnditiOn, fOr the same
discharge. If the water surface prOfile cOnverges tO the same answer, by the time
the cOmputatiOns get tO the crOss sectiOns that are in the study area, then enOugh
sectiOns have been added, and the bOundary cOnditiOn is nOt affecting the

answers in the study area.

1.12.3 DISCHARGE INFORMATION

Discharge infOrmatiOn is required at each crOss sectiOn in Order tO cOmpute the
water surface prOfile. Discharge data are entered frOm upstream tO dOwnstream fOr each
reach. At least One flOw value must be entered fOr each reach in the river system. Once a
flow value is entered at the upstream end Of a reach, it is assumed that the flOw remains
cOnstant until anOther flOw value is encOuntered with the same reach. The flOw rate can
be changed at any crOss sectiOn within a reach. However, the flow rate cannot be changed in
the middle Of a bridge, culvert, Or stream junctiOn. FIOw data must be entered fOr the

tOtal number Of prOfiles that are tO be cOmputed.

1.13 UNSTEADY FLOW DATA

Unsteady flOw data are required in Order tO perfOrm an unsteady flOw analysis.
Unsteady flOw data cOnsists Of bOundary cOnditiOns (external and internal), as well as

initial cOnditiOns.

1.13.1 BOUNDARY CONDITIONS
BOundary cOnditiOns must be established at all Of the Open ends Of the river
system being mOdeled. Upstream ends Of a river system can be mOdeled with the

fOllOwing types Of bOundary cOnditiOns: flOw hydrOgraph (mOst cOmmOn upstream
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bOundary cOnditiOn); stage hydrOgraph; flow and stage hydrOgraph. DOwnstream ends
Of the river system can be mOdeled with the fOllOwing types Of bOundary cOnditiOns:
rating curve, nOrmal depth (Manning’s equatiOn); stage hydrOgraph; flow hydrOgraph;
stage and flOw hydrOgraph. BOundary cOnditiOns can alsO be established at internal
I0catiOns within the river system. The user can specify the fOllOwing types Of bOundary
cOnditiOns at internal crOss sectiOns: lateral inflOw hydrOgraph; unifOrm lateral inflOw
hydrOgraph; grOundwater interflOw; and Internal Stage and flOw hydrOgraph.
AdditiOnally, any gated structures that are defined within the system (inline, lateral, Or
between stOrage areas and/Or 2D flOw areas) cOuld have the fOllOwing types Of
bOundary cOnditiOns in Order tO cOntrOl the gates: time series Of gate Openings;

elevatiOn cOntrOlled gate; navigatiOn dam; Rules; Or internal Observed stage and flOw.

1.13.2 INITIAL CONDITIONS

In additiOn tO bOundary cOnditiOns, it is required tO establish the initial cOnditiOns
(flow and stage) at all nOdes in the system at the beginning Of the simulatiOn. Initial
cOnditiOns can be established in twO different ways. The mOst cOmmOn way is fOr the
user t0 enter flOw data fOr each reach, and then have the prOgram cOmpute water surface
elevatiOns by perfOrming a steady floOw backwater analysis. A secOnd methOd can Only
be dOne if a previOus run was made. This methOd allOws the user tO write a file Of flOw
and stage frOm a previOus run, which can then be used as the initial cOnditiOns fOr a
subsequent run.In additiOn tO establishing the initial cOnditiOns within the river system,
the user must define the starting water surface elevatiOn in any stOrage areas and 2D flOw
area that are defined. This is accOmplished frOm the initial cOnditiOns editOr. The user
can enter a stage fOr each stOrage area within the system. 2D FIOw areas have several

ways Of establishing initial cOnditiOns within the 2D flOw area
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CHAPTER 2

LITERATURE REVIEW
2.1 RESEARCHES ABROAD

This is Outline and Organized infOrmatiOn abOut the previOus research wOrk
dOne in the field Of fl00d mOdeling and which is in line and relevance with my research
wOrk. Many fl0OOd mOdeling studies using available mOdeling package has been

cOnducted at variOus times in the pastOr.

Mckay, blain(2000) gave hydrOdynamic flOw and InundatiOn mOdel Of IOwer river in

IOusiana and missisippi

Snead(2000) ApplicatiOn Of steady flow mOdel using HEC-RAS fOr fl00d rOuting and

visualizatiOn fOr watershed 10cated in Cincinati, OhiO

Hammersmark (2002) used a One dimensiOnal unsteady hydraulic mOdel tO evaluate the
fl0Od stage impact Of seven management scenariO fOr the Mac COrmac — WilliamsOn

tract 10cated in the nOrthern scramentO-san JOaquin Delta.

W J wiseman Jr (2002) A high resOlutiOn integrated hydrOlOgy-hydrOdynamic mQdel Of
barataria basin,(esturine system situated west Of Mississippi delta) tO simulate

hydrOlOgical cycle Over the drainage basin and hydrOdynamics within basin.

Peppenberger et al. (2005) fOund Out that while ch00sing a rOuting methQd, the accuracy
and availability Of lateral inflOw data, channel crOss sectiOn and rQughness cOefficient
and velQcity discharge infOrmatiOn may have a greater effects On the predictive accuracy
Of the rOuting algOrithm than the chOice Of descriptive equatiOns.

The authOr cOncluded that it wOuld nOt be wise tO chOOse a mOdel based On full Saint-
Venant equatiOn if the quasi—unifOrm flOw relatiOnship used tO quantify the frictiOn
slOpe is nOt apprOpriate in the channel under study, Or if the discharge change between

twO sites is dOminated by pOOrly estimated lateral Or tributary inflOws.
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Paz et al.(2010) presents a One dimensiOnal hydrOdynamic mQdel Of a large scale river
netwOrk and flOOd plains. The study size cOmprises the upper Paraguay river and its main
tributaries in sOuth America central areas, including a cOmplex river netwOrk flOwing
along the pentanal wetland. The main issues were related tO preparing input data fOr the
hydraulic mOdel in a cOnsistent and geO-referenced database and tO presenting different

flOw regimes.

Kester and Davis (2010) thrOugh the Maryland state highway administratiOn, Office Of
structure had adOpted a prOactive apprOach with respect tO determinatiOn Of hydraulic

variables fOr cOmputing scOur at structure

KlenzendOrfet al.(2010) describe a methOd fOr incOrpOrating the hydraulics Of variOus
bridge rail geOmetries On a bridge structure tO determine the impacts On the surrOunding

fl00d plain during extreme fl00d events

Dai et al. (2010) presented the applicatiOn Of 3-D mOdel. A grid scheme was cOnstructed
by using SMS sOftware alOng the DetrOit river. MOdeling calibratiOn results prOvided an

average relative errOr Of 10% between measured and calculated velOcities.

2.2 FLOOD MODELING STUDIES IN INDIA
Vijay et al. (2007) describes a hydrOdynamic mOdel called River Cad that
prOvides the flOOd levels and land availability at variOus crOss — sectiOns in Order tO

assess the limitatiOn and evaluate the pOssibilities fOr riverbed develOpment.

Mazumder (2009) describes the meth0d0IOgy fOr the determinatiOn Of waterway fOr a
bridge using detailed tOpOgraphic, hydrOlOgic and mOrphOlOgical investigatiOn.

DOiphOde and Ravindra(2012) fOcused On the cOncepts Of hydraulic fl0Od rOuting
mOdel, with time-varying rOughness updating tO simulate flOws thrOugh natural channels.
The authOrs sOlved Saint Venant's equatiOnusing the quasi-steady dynamic wave and full
dynamic wave theOry. A case study Of unsteady fl00d mOdelling thrOugh HEC-RAS was

carried Out fOr the Karad - Kurundwad reach Of Krishna River
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The study by Timbadiya (2011) aimed at determining values Of Manning’s rOughness
cOefficients fOr upper and IOwer reaches Of the 10wer Tapi River fOr simulatiOn Of fl00d.
The requirement Of multiple channel rOughness cOefficients (Manning’s n values) alOng
the river has been spelled Out thrOugh simulatiOn Of fl00d, using HEC-RAS, fOr the years
1998 and 2003.

Sharma et al.(2012) fOcused On the mOnitOring Of the diffuse pOllutiOn characterstics Of
the agricultural land cOnfining the River Yamuna in Delhi. Agricultral fields surrOunding

Yamuna river are the pQint sOurce Of pOllutiOn that directly impact the river quality.

Sankhua et al. (20 12.) fOcused On cOncepts Of hydraulic fl0OOd rOuting mOdel, with time-
varying rOughnessupdating tO simulate flOws thrOugh natural channels, based On the
quasi-steady dynamic wave and full dynamic wave theOry, emphasizing the sOlving Of
the intricate Saint Venant’s equatiOns.

Parhi et al. used HEC-RAS 1O calibrate the channel rOughness cOefficient (Manning’s n
value) alOng the river Mahanadi, Odisha. The authOrs cOncluded thatmannnig’s "n” value
0f 0.032 gives best result fOr Khairrmal tO Munduli reach Of the Mahanadi river. The
calibrated mOdel,in terms Of channel rOughness, was used tO simulate the fl00d fOr year
2006 in the sam river reach. The perfOrmance Of the calibrated and validated HEC-RAS

based mOdel is tested using Nash and Sutcliffe efficiency

Arunesh (2012) estimated the design floOd at Hathnikund and Okhla barrages fOr
different return levels. An analysis Of the frequency Of fl00d peaks fOr different threshOld
was alsO carried Out at bOth the barrages. TwO methOds have been used fOr the estimatiOn
Of design flOOd, namely Gumbel’s extreme value distributiOn and LOg PearsOn type 3
distribution. The result Of frequency analysis clearly indicates that the frequency of
extreme events has increased in the recent past. This result is significant as it clearly
indicates that there is an urgent need tO develOp flOOd preventiOn and mitigatiOn

measures fOr Delhi and NCR regiOn

Mehta et al., (2012) presented a preliminary design fOr the physical enhancement Of the

reach Of the Tapi River IOcated near the cOnfluence Of Arabian Sea and the Tapi River in
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Surat City, Gujarat. The design Of table channel was carried Out using the cOpeland
methOd, which has been in included in the HEC-RAS mOdel. A review Of the applicatiOn
Of remOte sensing and GIS in fl00d management with particular fOcus On the develOping

cOuntries Of Asia has been presented by Sanyal et al., (2004)
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CHAPTER 3

METHODOLOGY
3.1 OVERVIEW

e A digital elevatiOn mOdel (DEM) is a digital file cOnsisting Of terrain elevatiOns
fOr grOund pOsitiOns at regularly spaced hOrizOntal intervals.

e Its uses range frOm scientific, cOmmercial, industrial, OperatiOnal tO military
ApplicatiOns.

e In the academic Or a research institutiOn, DEM is used primarily as an input Or as
a data sQOurce itself in studies alOng the fields Of climate impact studies, water &
wildlife management, geOlOgical hydrOlOgical mOdeling, geOgraphic infOrmatiOn
techn0lOgy, geOmOrph0lOgy & landscape analysis, mapping purpOses, &

educatiOnal prOgram . HOwever, sOmetimes DEM is nOt available

3.2 BASIC CONCEPTS AND DEFINATION
TOpOgraphic map - is a type Of map characterized by large-scale detail and quantitative
representatiOn Of relief, usually using cOntOur lines in mOdern mapping. It is a detailed &

accurate graphic representatiOn Of cultural & natural features On the grOund.

COntOur lines—COntOur line cOnnects a series Of pQints Of equal elevatiOn & is used t0
illustrate relief On a map. FOr example, numerOus cOntOur lines that are clOse tO One

anOther shOw hilly Or mOuntainOus terrain; when far apart, they indicate a gentler slOpe.
Scanning - is a prOcess Of cOnverting any paper-based material (in this case, paper
based tOpOgraphic map) int0 a digital fOrmat, which is usually integrated intO the GIS

database

GeO0 referencing - refers tO the prOcess Of assigning map cOOrdinates tO an image data

Data that are already geO referenced can be used as reference in GeO referencing.
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Digitizing - is a prOcess Of cOnverting spatial features (pQint, line & pOlygOn) frOm a
paper-based sOurce intO a digital fOrm by tracing. This can be dOne using adigitizing
tablet Or by On-screen digitizing.

InterpOlatiOn- is a prOcess Of assigning values tO unknOwn pOints by using values frOm

usually scattered set Of knOwn pQints.

3.3 FLOW DIAGRAM FOR CREATING DEM

an

G - Input
Topographic map Ground survey E _:ﬁi
(pap er ] (GPS data) l - Pointing
1 towards the next
I 1 step,/output
Scanning
| Interpolation
Georeferencing
_l_ ' Digital
Elevation
Digitizing I— Modet

3.4 UNSTEADY FLOW DATA

In Order tO perfOrm unsteady floOw cOmputatiOns unsteady flOw data are required.

unsteady flOw data cOmprises Of-

e BOundary cOnditiOns (external as well as internal)

e |nitial cOnditiOns
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3.4.1 BOUNDARY CONDITIONS

Upstream ends Of river system can be mOdeled using these different kind Of bOundary
cOnditiOns

e FIOw hydrOgraph
e Stage hydrOgraph
e FIOw and stage hydrOgraph

Similarly fOr mOdeling Of dOwnstream end Of river system fOllOwing can be used

e NOrmal depth(Manning’s n equatiOn)
e Rating curve

e Stage hydrOgraph

e FIOw hydrOgraph

e FIOw and stage hydrOgraph

We can alsO establish bOundary cOnditiOns at the internal 10catiOns at internal crOss

sections

e Lateral inflOw hydrOgraph
e UnifOrm lateral inflOw hydrOgraph
e GrOundwater interflow

e Internal stage and flOw hydrOgraph

Gated structure which are defined within in a system like-(inline, lateral, between stOrage
areas and Or 2D flOw areas) can have variOus kinds Of bOundary cOnditiOns tO cOntrOl the

gates-

e Time series Of gate Opening
e ElevatiOn cOntrOlled gate
e NavigatiOn dams rules

e Internal Observed stage and flOw
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3.4.2 INITIAL CONDITIONS

We have t0 add initial cOnditiOns alOng with the bOundary cOnditiOns befOre dOing the
simulatiOn at all the nOdes in the system. There are twO ways tO establish initial
cOnditiOns. MOstly used is adding the flOw data fOr each reach and then have a prOgram
t0 cOmpute steady flOw backwater analysis. AnOther way is tO use the previOus run by
writing a file Of flOw and stage using previOus run, which can be used as initial cOnditiOn

fOr subsequent run.
STEPS FOLLOWED FOR SIMULATION IN HEC RAS
3.5 IMPORT IN HEC RAS
3.5.1 Start the HEC-RAS project
e Select the I0catiOn and give name fOr the prOject
3.5.2 Establish the Units and Setup
e 0OptiOns >Units System tO cOnfirm the Units(here dOne using Sl units)
3.5.3 HEC-RAS Mapper

e HEC-RAS Opening windOwW>RAS Mapper

e Populate the terrain layer
3.5.4 Assigning the projection

BefOre creating a terrain, a prOjectiOn setting is dOne This is cOntrOlled by a prOjectiOn

file, extensiOn .prj.
3.5.5 Add the terrain

e Browse the location for Terrain file having the Projection .tif

e New terrain layer>Create to import the Terrain

3.5.6 Adding an Aerial photo
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e With RAS MAPPER we can alsO add imagery and Other GeO-spatial Data

e Map layer>Add map data layers>brOwse the .jpg file tO add aerial phOtO

e After impOrting data int0O RAS MAPPER it becOme available in the HECRAS
GeOmetry EditOr

e Here we can assign flOOd data alOng with bOundaries, establish mOdel grid size

fOr fl00d analysis, edit the surface break line, assign different manning’s n value
3.5.7 Creating the 2D flow area

e Click On edit geOmetric data
e The surface will initially represent cOIOrs depicting the elevatiOns
e Select the extent Of the terrain as the bOundary. This is a well-defined basin, when

we select the area we can establish a calculatiOn mesh acrOss the surface.
e Give the name Of the tOtal flOw area

e Inthe 2D FIOw area we can apply a cOmputatiOnal mesh, Establish manning’s n
Values t0 apply tO the default area and fOr any Other land cOver areas added.

e Generate cOmputatiOn pOints On regular interval with all break lines

e Set cOmputatiOn pQint spacing DX and DY bOth and generate pOints in 2D flOw
area.

e The 2D Area break lines cOmmand can be used tO incOrpOrate break lines int0 the

flOw area tO better represent valley lines and ridge fOr the surface.
3.5.8 Setting Boundary conditions (for incoming and outgoing flow)

e FIOw cOmes frOm the main river and the twO tributaries sO incOming bOundary
cOnditiOn is set acrOss the crOss sectiOn Of these river and the 2 tributaries

e Name the inflOw bOundary as main river ,tributary 1 and tributary 2

e Similarly create the OutflOw bOundary, 10w side Of the surface is set as OutflOw

bOundary thus water can exit alOng this bOundary.
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3.5.9 Establish flow condition at the boundary

e COpy the spreadsheet inputs tOOIs such as excel tO create flOw infOrmatiOn tO
HECRAS

e FOr Out flowing bOundary cOnditiOns, set fOr a nOrmal depth and apply a frictiOn
slOpe tO describe hOw exiting flOw is handled.

e Edit unsteady flOw data> Add bOundary cOnditiOn I0catiOn> Add flOw area tO
include tOtal flOw area

e StOrage/2D flOw area>0utfloOw>n0Ormal depth tO establish OutflOw cOnditiOn
along this line

e Type frictiOn slOpe 0.1>0k

e StOrage/2D flOw area>inflow>fl00d hydrOgraph tO establish a time dependent
flow tO this inflOw line

e FOr data time interval set the value tO 1hr using the pick list

e FOr EG slOpe fOr distributing flOw alOng BC line assign value 0.1

e Save>unsteady flOw data>0k
3.5.10 Re-Establish the Area Condition

ErrOr may be received if One mOve directly tO analyzing the flOw, withOut first returing
t0 the geOmetric data editOr fOrm and Re-establishing the grid calculatiOns tO ensure that

they are cOrrectly saved fOllOwing the flOw assignment.

e HEC RAS interface>Edit GeOmetric Data>2D Area >edit 2D flOw Area
e Generate cOmputatiOn pOints On regular interval>accept the default
spacing>Generate pOints in 2D Area>0K>Save GeOmetry Data.

e ClOse the GeOmetry EditOr
3.6 ANALYSIS IN HECRAS

e Setup time fOr calculating the flOw, RepOrting time and tOtal analysis duratiOn.
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e RAS Mapper is then used tO review fl00d extents Over the time, assess the peak

extents, flOw depths and flOw velOQcities.
3.6.1 Check boxes -

. GeOmetry PreprOcessOr
Il.  Unsteady flOw simulatiOn
I11.  POst PrOcessOr

3.6.2 Set the simulation Time Window

I.  Pick astart date and end date
Il.  Set the starting date t0 0:00
1. Set the ending time t0 24:00

3.6.3 Set the cOmputatiOnal Settings

. COmputatiOn Interval - 1min.

Il.  HydrOgraph Output interval -1 hQOur
I1l.  Mapping Output interval -1 hQur
IV.  Detailed Output interval -1 hQur

We can view the results directly inside HECRAS via RAS MAPPER ,we can als0
generate the flOOd Of the extents and Other flOw OutcOmes and expOrt this tO a GeO

spatial file fOrmat
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3.7 FLOW DATA TABLES
3.7.1 Flow data for Main River

Date/time Discharge(m®/ | Date/time | Discharge(m®/s) | Date/time | Discharge(m?/s)
5)
10/12/2010; ;0300 ;1200
1800 9.8 107.7 871.4
:1900 9.7 | ;0400 141.7 | ;1300 839.7
;2000 9.6 | ;0500 181.6 | ;1400 808.7
;2100 9.4 | :0600 224 .8 | ;1500 778.1
;2200 9.2 |:0700 266.4 | ;1600 748
;2300 8.9 | ;0800 304 | ;1700 718.7
;2400 8.6 | ;0900 337.8 | ;1800 690.8
11/12/2010 ;1000 ;1900
;0100 8.3 370.1 664.1
:0200 8.1|:1100 404.1 | ;2000 638.5
:0300 7.8 1:1200 442 .8 | ;2100 614.3
;0400 6.8 | ;1300 490.1 | ;2200 591.3
;0500 7.2 ;1400 550.6 | ;2300 569.1
;0600 7 | ;1500 625.8 | ;2400 547.9
;0700 ;1600 14/12/20
10
6.8 7254 | :0100 527.6
;0800 6.8 ;1700 836.8 | ;0200 508
;0900 7 |,;1800 952.2 | ;0300 489.1
;1000 7.6 :1900 1061.4 | ;0400 471
;1100 8.6 | ;2000 1159.4 | ;0500 453.6
;1200 10.2 | ;2100 1245.3 | ;0600 436.9
;1300 125 ;2200 1319.3 | ;0700 420.7
;1400 155 | ;2300 1376.9 | ;0800 405.1
;1500 19.1 | ;2400 1407.7 | ;0900 390.1
;11600 13/12/201 ;1000
0
23.2 | ;0100 1407.8 375.6
;1700 2751 :0200 1376 | ;1100 361.7
;1800 31.7 | ;0300 1320.2 | ;1200 348.3
;1900 35.6 | ;0400 1256.4 | ;1300 348.3
;2000 38.9 | ;0500 1191.1 | ;1400 3354
;2100 41.6 | ;0600 1126.9 | ;1500 311
;2200 44.4 | ;0700 1067.7 | ;1600 2995
;2300 48.4 | ;0800 1017.1 | ;1700 285.8
;2400 54.9 | ;0900 974.8 | ;1800 241.6
12/12/2010 ;1000 ;1900
:0100 65.7 937.8 240
:0200 82.7 | ;1100 904 | ;2000 239
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3.7.2 Flow data for Tributary 1

Date/time Discharge(m®/s) | Date/time | Discharge(m®/s) | Date/time | Discharge
10/12/2010; ;0300 ;1200
1800 0.98 10.77 83.97
:1900 0.97 | ;0400 14.14 | ;1300 80.87
;2000 0.94 | ;0500 18.16 | ;1400 77.81
;2100 0.92 | ;0600 22.48 | ;1500 74.8
;2200 0.89 | ;0700 26.64 | ;1600 71.87
;2300 0.86 | ;0800 30.4 | ;1700 69.08
;2400 0.83 | ;0900 33.78 | ;1800 66.41
11/12/2010 ;1000 ;1900
;0100 0.81 37.06 63.85
;0200 0.78 | ;1100 40.41 | ;2000 61.43
;0300 0.75 | ;1200 44.28 | ;2100 59.13
;0400 0.72 | ;1300 49.01 | ;2200 56.91
;0500 0.7 | ;1400 55.06 | ;2300 54.79
;0600 0.7 | ;1500 62.88 | ;2400 52.76
;0700 ;1600 14/12/2010

0.68 72.54 | ;0100 50.8
;0800 0.68 | ;1700 83.68 | ;0200 48.91
;0900 0.7 | ;1800 95.22 | ;0300 47.1
;1000 0.76 | ;1900 106.14 | ;0400 45.36
;1100 0.86 | ;2000 115.94 | ;0500 43.69
;1200 1.02 | ;2100 124.33 | ;0600 42.07
;1300 1.25 | ;2200 131.93 | ;0700 40.51
;1400 1.55 | ;2300 137.66 | ;0800 39.01
;1500 1.91 | ;2400 140.77 | ;0900 37.56
;1600 13/12/2010 ;1000

2.32 | ;0100 140.77 36.17
;1700 2.75 | ;0200 137.6 | ;1100 36.17
;1800 3.17 | ;0300 132.02 | ;1200 34.83
;1900 3.56 | ;0400 125.64 | ;1300 33.54
;2000 3.89 | ;0500 119.11 | ;1400 31.1
;2100 4.16 | ;0600 112.69 | ;1500 29.95
;2200 4.44 10700 106.77 | ;1600 28.58
;2300 4.84 | ;0800 101.71 | ;1700 24.16
;2400 5.48 | ;0900 97.48 | ;1800 24
12/12/2010 ;1000 ;1900
;0100 6.57 93.78 23.9
;0200 8.27 | ;1100 90.4 | ;2000

TABLE 2
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3.7.2 Flow Data for tributary 2

Date/time | Discharge(m®s) | Date/time | Discharge(m®/s) | Date/time | Discharge(m®/s)
10/12/2010 :0300 ;1200
1800 0.49 7.07 43.57
11900 0.485 | ;0400 9.08 | ;1300 41.985
;2000 0.48 | ;0500 11.24 | ;1400 40.435
;2100 0.47 | ;0600 13.32 | ;1500 38.905
;2200 0.46 | ;0700 15.2 | ;1600 37.4
;2300 0.445 | ;0800 16.89 | ;1700 35.935
;2400 0.43 | ;0900 18.505 | ;1800 34.54
11/12/2010 ;1000 ;1900
:0100 0.415 20.205 33.205
:0200 0.405 | ;1100 22.14 | ;2000 31.925
:0300 0.39 | ;1200 22.14 | ;2100 30.715
:0400 0.375 | ;1300 24.505 | ;2200 29.565
;0500 0.36 | ;1400 27.53 | ;2300 28.455
;0600 0.35 | ;1500 31.44 | ;2400 27.395
;0700 ;11600 14/12/201
0
0.375 36.27 | ;0100 26.38
:0800 0.36 | ;1700 41.84 | :0200 25.4
;0900 0.35 | ;1800 47.61 | ;0300 24.455
;1000 0.38 | ;1900 53.07 | ;0400 23.55
;1100 0.43 | ;2000 57.97 | :0500 22.68
;1200 0.51 | ;2100 62.265 | ;0600 21.845
;1300 0.625 | ;2200 65.965 | ;0700 21.035
;1400 0.775 | ;2300 68.83 | ;0800 20.225
;1500 0.955 | ;2400 70.385 | ;0900 19.505
;1600 13/12/201 ;1000
0
1.16 | ;0100 70.39 18.78
;1700 1.375 | ;0200 68.8 | ;1100 18.085
;1800 1.585 | ;0300 66.01 | ;1200 17.415
;1900 1.78 | ;0400 62.82 | ;1300 16.77
;2000 1.945 | ;0500 59.555 | ;1400 16.15
;2100 2.08 | ;0600 56.345 | ;1500 15.55
;2200 2.22 | ;0700 53.385 | ;1600 14.975
;2300 2.745 | ;0800 50.855 | ;1700 14.29
;2400 3.285 | ;0900 48.74 | ;1800 12.08
12/12/2010 ;1000 ;1900
:0100 3.285 46.89 12
;0200 5.385 | ;1100 45.2 | ;2000 11.95
TABLE 3
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3.7.4 RIVER LENGTH AND PROFILES

Main river Tributary 1 Tributary 2

54.4 km 17.1km(up to 12.7km(upto
Reach length confluence with | confluence with

main river) main river)
Channel’s Manning’s n | 045- 07 .04-.06 .025-.05
value
Average discharge(m3/s) | gpg 130 70
(100year)
TABLE 4

3.8 RIVER PROFILE

MATN RIVER g
UPSEREANT -,
g )3
__=v“'-_;l,'.-:"'.:_ __'..__ .l'L'I
- ':'5'-1'_:: i : ;
il ] ] .
T _ ’
. T bl ..,._II | |
:-..':_';..__ =
I =
1
: =
o .-:'_1-:_ _‘J-.-_. -
TRIBUTARY 1 =i

FIG 3.8 - SHOWING RIVER PROFILE IN HEC RAS
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3.9

KnOwn NOrmal
depth and MAIN RIVER TRIBUTARY 1 TRIBUTARY 2
Water surface
elevatiOn (m)
100-year 72.05 82.84 72.02
100-year 74.28 83.27 73.74.
TABLE 5
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CHAPTER 4

RESULTS
4.1 HEC RAS SOFTWARE

B HEC-RAS503 o X

File Edit Run View Options GlSTools Help
"

R AP P N
| E

e
i<

B Y&

Project:

Plan:

|

|
Geometry: |
Steady Fow: |
|

|

Unsteady Flow:
Description :

_| [q i

Fig 4.1 HEC RAS OPENING WINDOW

4.2 RAS MAPPER

ES RAS Mapper o O

File Tools Help

hb@@QxXe»>u ENG 2

Hessa_psl\ﬁm!Prﬂﬁle I_irbesl

Fig 4.2 RAS MAPPER OPENING WINDOW
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4.3 SETTING THE PROJECTION FOR PROJECT

Spatial Reference Projection File

ESRI Projection File (*.pr): |

oK

Cancel

Fig 4.3 SPATIAL REFERENCE PROJECTION FILE WINDOW

agl spatial reference projection file
Favorites _l Name Date modified lype Size
Desktop . PROJECT_DEM 5/4/2018 2:35 PM File folder
v | PROJECTERI 5/4/2018 3:45 PM PRI File
Recent places

Homegroup

This PC

MNetwork

Fig4.4 SETTING THE PROJECTION FILE

37




4.4 EXPORTING TERRAIN TO HEC RAS

ES RAS Mapper = O >

File | Tools | Help
Set Projection for Project .. b . a ORI e = o E E .ﬁ < > e H

Web Imagery ...

Add Map Layers ...

Mew Land Cover ...
Import NLD ...

Manage Results Maps ...
Render Mode Options

0000

¥ | Show Legend

* | Show Profile Line Distance

m@mm.m—r

Fig 4.5 LOADING TERRAIN DATA IN RAS MAPPER

4.5 SETTING PRECISION

Output Temain Fie
Rounding (Precision): [HEE]
Filename:

Fig 4.6 SETTING TERRAIN WITH PRECISION
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Computation Task

Importing 1 of 1: tut.flt

step 1 of 4: Translating to GeoTiff with SRS...

step 2 of 4: Rounding and/or Generating statistics...
step 3 of 4: Gengrating Wistogram...

Step 4 of 4: Adding Overlays...

tut.flt Import Complete.

Final Processing: Terrain.hdf

step 1 of 3: Creating Terrain.vrt...

step 2 of 3: Creating Terrain.hdf...

Creating stitch-TIN for merging rasters...

Terrain Complete

Fig 4.7 TERRAIN LOADING COMPLETED
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| Mhag Layers

- [ T oramm

Mansages | 'iews | Profie Lines

(T 0 120744 50 1 poed = 20 65 s

Fig 4.8 TERRAIN IN RAS MAPPER

] RAS Mapper -a
File Tools Help
Selected Layer: Terrain hbhOAx Le>m EHA v W 0]
-[_| Geometries
"I Results
[ IMap Layers
= [v| Temains
V. [
Layer Properties ...
Zoom to Layer
Remove Layer
Move Layer ]
‘ Exportlay!f i I R ple entire temain tosingle GeoTiff ...
Open Folder in Windows Explorer .
asflt..
Create Contour Bands... \

Fig 4.9 CREATE IMAGE OF THE LOADED TERRAIN

40



] RAS Mapper - B

File Tools Help

- s ki
D@PUNNEIL AW D P 0

| | Geomenes
| |Resdts
|| Map Layers
W/ tarrmin_img
| Temans
v Terrain

Messages | Views | Prefile Lines |

Fig 4.10 IMAGE OF TERRAIN LOADED IN RAS MAPPER

41



X Geometric Data i
File Edit Options WView Tables Tools GiSTools
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Fig 4.11 GEOMETRIC DATA WINDOW

R4 Geometric Data - o IEES
File Edit Options View Tables Tools GISTools Help

Took  Fiver Sorage sa;enam SA/EDArea] 20dren | 2DFinem Pusme = Description : Flot WS extents for Profile:
Reach Fraa
Estorsn, —— | B
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Fig 4.12 CHECKING FOR IMAGE IN GEOMETRIC DATA WINDOW
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& Geometric Data - o mm
File Edit Options View Tables Tools GISTools Help

e | 20non 1 |
Sl B ol e ey v e
s, | i | @D D | Pegins |
Junct,
°®

Cross
Sechor,

Plot WS extents for Profie:

RS jcsotston;

Pumo | g
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Inine:
Bicture)

Lateral
Hucune)
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View
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Fig 4.13 2D AREA/POLYGON CREATED OF STUDY AREA

2D Flow Areas

XD Flow Area: | 2d_area il _|Ii = SlorRge
Connections and References o fis 20 Flow Area

=1
Default Manning's n Vake: |I:_{-E- 2D Flow Area Computaton Points

Ediit Land Cover to Manning's n.. | irzent mesh contains no computation points
Cell Volume Fiter Tol{m): [0.003
e
Face Profle Filter Tol(m): |0.003

: i Gererate Computation Ponts on Regular Interval with All Breakiines. ., |
Face Area-Eley Filter Tolfm):  [0.003 |
Face C TolRatio:  |2.02 e e

s ' View Edit Computation Points ... |

Force Mesh Becomputation ™ | [ o Cancel |

Fig 4.14 MESHING OF 2D FLOW AREA
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LS Geometric Data - 0 3

File Edit Options View Tables Tools GlSTools Help

Jook FRwer | Storsge | 201 O wznmulezvnwni 06 Description Plot WS extents for Profie:
Rasch | Hews

new
Frea ™ BC Liner -

o, —— | @ 5 | GELD | P ol =l
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L

HY
5
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o e

Fig 4.15 MESHING OF STUDY AREA

N Geometric Data - a
File Edt Options View Tables Tools GISTools Helg

Tools River | Storage | 20Pw |Sarbives|saires 20fves | 20frea Description : Plot WS extents for Profie:
fva | At | Cow | BOUse Ereatlies myhn A
b D) o -f E

HEC-RAS

Enter the name for the S4/20 Flow Area Boundary
Condtion Line [max 16 chars|.

man_ver

| i 2l
Fig 4.16 DRAWING INLET BOUNDARY CONDITION SHOWING MAIN
RIVER
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{ Geometric Data -0E

File Edit Options View Tables Tools GISTools Help

Tooks Fiver | Srage | 20Pow [saodrealsanofnesl e | 0aem | pumg Destripton : Plot WS extents for Frofie:
Raach 1

o s

Fig4.17 MAIN RIVER AND TRIBUTARY 1

4 Geometric Data - Ol

Plot WS extents for Frofie:

=

Il

Fig 4.18 TRIBUTARY 2
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X Geometric Data - tut_geometry -0 l

File Edt Options View Tables Tools GISTool Help
| Descriphon : Plot WS extents for Profie:

sl B 1 |

\Jodls Rive
Reach

Fdtos\, =
et ||
ol )
Cross \ j
Section
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ey
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Fig 4.19 INLET, 2D AREA LOWER BOUNDARY CONDITION

HEC-RAS 5.0.3 — X
File | Edit Run View Options GISTools Help

|
= Geometric Data ... J "1 v‘&{ﬁ‘[‘g‘ I~ E E\@“DSS} M
Projed Steady Flow Data .. Bl @
Plan: Cuasi Unsteady Flow (Sediment Analysis] ... Tl
Geam Unsteady Flow Data ... B
el Sediment Data ... = !
Unste W litw D |
Descri gt e _J |US Customary Units

Fig 4.20 ADDING UNSTEADY FLOW DATA
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| File Options Help N
| - et |
{ Boundary Conditions || Initial Conditions | _fply Data |

Storage/2D Flow Areas Boundary Condition
1|2d arez BCLin2: tributary 1
2| 2d_area BCLine: tributary_2 |
3|2d area FSeler:t boundary condition Location in table and then select boundary condition typet
4| 2d_area BCLine: main_river I

Fig 4.21 ADDING BOUNDARY CONDITION LOCATION AND TYPE

= ‘Flow Hydrograph - o Il
| [Piat ] Tabie |
| e adtoc -
I SA: 2d_area BCLme: main_rnver
| 15-04: Legend
| —_——
I 14007 Floww
| 1200 1
| l
= 1000
= |
§ 800 1
= 8007
2001
| 2001
n-—
1200 2400 1200 2400 1200 2400 1200 2400 1200 2400
| 10Pec20Ma Dec2010 |12Dec2010|13Dec2010 | 14Dec2010 |
. Date :

Fig 4.22 FLOW HYDROGRAPH OF MAIN RIVER




™~ Read from D55 before simulation Select DSS file and Pat

File: |
path: |

% Enter Table Data time interval: Ill-luu'

- Select/Enter the Data's Starting Time
" Use Smulation Time: Date: Time: |

(% Fixed Start Time: Date: | 7| vime: [

No. Ordinates | Interpolate Missing Values | DelRow | InsRow |

p——
HyOroor S

Date Simulation Time | Fiow

§7:00

BIE|T|RG(T|D|B[2BE]E]|Y

~Time Step Adjustment Options ("Critical” boundary conditions)
[ Monitor this hydrograph for adjustments to computational time step

Max Thange n Flow (without changng tme step): l
Min Flow: | Mustipher: | EG Slope for distributing flow along BC Line: ]_

_Potoats | x| ¢

Fig 4.23 FLOW HYDROGRAPH DATA OF MAIN RIVER
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SA: 2d area BCLine: tributary 1

" Read from DSS before simulation Selact DSS file and Path

File: $
path: |
¥ Enter Table Data time interval: |1 Hour -
SelectEnter the Data's Starting Time Re
™ Use Smulation Time: Date: Time: |

& Fixed Start Time: Date: Iluueczu 10 :I‘nme 1800

No. Ordinates |  Interpolate Mssing Values | DelRow | InsRow |

Hydrograph Dats
Date Simulation Time Flow
{houwrs) (m3/s)

85 14Dec20 10 0200 87:00 .01

839 14Dec2010 1000 88:00 37.5%6

a0 190ec2010 1100 89:00 ».17

91 19Dec2010 1200 90:00 34.83

92 14Dec2010 1300 91:00 3354

93 14Dec2010 1400 92:00 32.3

il 14Dec2010 1500 93:00 311

a5 14Dec2010 1600 39400 29,55

95 14Dec2010 1700 95:00 8.5

a7 1490ec2010 1800 96:00 24.16

98 190ec2010 1500 97:00 24

99 14Dec2010 2000 98:00 3.9 .
100 19Dec2010 2100 95:00 23.8

Time Step Adjustment Options ("Critical” boundary conditions)
[T Monitor this hydrograph for adjustments to computational time step

Max Change in Fow (without changmg bme step): ]
Min Flow: | Mustipler; 1 EG Slope for distributing flow along BC Line: i

PlotData | x| Cancel

Fig 4.24 FLOW HYDROGRAPH DATA OF TRIBUTARY 10
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M area BCLine: ributary 2

" Read from DSS before simulation Select DSS file and Path

File: |
Path: |
% Enter Table Data time interval: |1 Hour -
Selact Enter the Data’s Starting Time
i~ Use Simulation Time: Date: Time: I

& Flwed Start Time: Date: Iluneczﬂ 10 3“‘* 1800

No. Ordinates |  Interpolste Mssing Values | DelRow | InsRow |

Hydrograph Data

Date Simulation Time Flow
(hours) [m3/s)
1 10Dec2010 1800 00:00 0.49
2 100ec2010 1900 01:00 0.485
3 100ec2010 2000 02:00 0.48
4 10Dec2010 2100 03:00 0.47
5 100ec20 10 2200 04:00 0.6
3 10Dec20 10 2300 05:00 0.445
7 10Dec20 10 2400 06:00 0.43
8 11Dec2010 0100 07:00 0.415
9 11Dec2010 0200 08:00 0.405
10 11Dec20 10 0300 03:00 0.39
i1 11Dec2010 0400 10:00 0.375
12 11Dec2010 0500 11:00 0.356
13 11Dec2010 0600 12:00 0.35 -

Time Step Adjustment Options ("Critical® boundary conditions)
[ Monitor this hydrograph for adjustments to computational time step

Max Change in Fow (without changing Bme step): F
Min Flow: | Muttipher: EG Slope for distributing flow along BC Line: I

PlotData | x | Cancel |

Fig 4.25 FLOW HYDROGRAPH DATA OF TRIBUTARY 2
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Y Unsteady Flow Data - 0 K3
File Options Help
Boundary Conditors | Intal Conditors | oy b |

Boundary Condition Types

Afld Bounaary Condition Location

Storage/ 20 Flow Areas Boundary Condition
112d area  BCLine: trbutary 1 Flow Hydrograph

2) aea  BCLine: trbutary 2 Flow Hydrograph

3|2 ares  BCLine: lower BC Normal Depth

4|2 wea  BCLine: main river Fluwﬂyﬁﬂm

Fig 4.26 ADDING NORMAL DEPTH AS LOWER BOUNDARY CONDITION

Unsteady flOw data added fOr tributary 1 is flOw hydrOgraph at a sectiOn
Unsteady flOw data added fOr tributary 2 is flOw hydrOgraph at a sectiOn
Unsteady flOw data added fOr main river is flOw hydrOgraph flOw at a sectiOn

LOwer bOundary cOnditiOn is taken as NOrmal depth
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X Unsteady Flow Analysis IR

*File Options Help e

Plan ; [ ShortID |
Geometry File : |h.|l_geu'nr_tw j
Unsteady Flow Fie :  [tut_unstdy -~
Plan Description :
Programs to Run 1 J
W Geometry Preprocessos

W unsteady Flow Smulabion

I~ Sediment |

W Post Processor

Simulation Time Window -

Starting Date: [100Ec2010 | Starting Tme: 1800

Ending Date: [1pEC2010 1| Ending Time:  [2100
— Computabon Settings _

Computation Interval: Hydrograph Output Interval: |1 Hour h
Mapping Quiput Interval: Detaded Output Interval: 1 Hour >
[T Computation Level Qutput

DSS Output Fiename: | g
™ Mixed Flow Regime (see menu: "Opbions/Mixed Flow Options ...")

Compute ||

Fig 4.27 UNSTEADY FLOW ANALYIS

e SimulatiOn time is frOm taken frOm 1800 hOur (10 Dec 2010 ) t0 2100 hOur (14
Dec 2010)

e COmputatiOns interval is taken as 10 min.

e Mapping Output interval is taken as 1 hQur

e HydrOgraph Output interval is taken as 1 hOur

e Detailed Output interval is taken as 1 hOur

e Unsteady flOw data added fOr tributary 1 is flOw hydrOgraph
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& HEC-RAS Finished Computations - o

Write Geometry Information
Layer: Complete

Geometry Processor

River: RS:

Reach: Node Type: Storage Area
IE Curve:

Unsteady Flow Smulation

Smulation:

Time: 29,0000 1DEC2010  21:00:00 Tteration (1D): Iteration (2D): 0
Unsteady Flow Computations

-Computation Messages

Writng Geometry

Geometry ‘GeomWriter' association was set to the terrain layer (Terrain)
(Computing 2D Flow Area '2d_area' tables: Property tables do not exist.
2D Flow Area '2d_area’ tables complete 215,75 sec

ICompleted Writing Geomatry

‘Geometric Preprocessor HEC-RAS 5.0.1

Finished Processing Geometry

Writing Event Conditions
|Event Condibons Complete

Performing Unsteady Flow Simulation HEC-RAS 5.0.1

Finished Unsteady Flow Simulation
Writing Results to DSS
1D Post Process Skipped (simulation is all 2D)

‘Computations Summary

(Computation Task Time(hh:mm:ss)

(Completing Geometry 338

Preprocessing Geometry(54) <1

Unsteady Flow Computations(64) 10:30

Writing to DSS(64) <1

iComplete Process 14:10 v

| - I Close ]

Fig 4.28 HEC RAS COMPUTATIONS
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File Tools Help

Selected Layer: tutorial

Geometnes
— v Results
=H|
|| Geometry
[_]Depth (Max
| Velocity (Max)
L_|\WSE (Max)
= |+|Map Layers
| terrain_img
= Temans
¥ Terrain

RAS Mapper S=atal ﬂ

b bH@a 2 im E A M| Mo )
- _

}_','le.-:s | Profile Lines |

File Tools Help
Selected Layer: tutonal

| Geomelnes
-+ Results
-V tutona
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Velocity (Max)
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-+ Map Layers
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= Temamns
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Fig 4.29 COMPUTATION RESULTS

RAS Mapper - o IEN

h H @R x X € ic B S Max | Min| < > p H

M&suu} Views | Profile Lines |

Fig 4.30 DEPTH OF INUNDATION MAP FOR 100 YEAR FLOOD
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— River Carlerdines
KE's

Flow Daeckon

— Major Rcads

100-yr flaad

a0

Elevation (m)

LB o e S ———BFE (DFIRM)
60 - - e WSE 100-yr (HEC-RAS, Normal Depth)
g WSE 100-yr (HEC-RAS, Known WSE)
=3 - — — Min EL. [DEM}
g e Min Ch. EL {Survey)
50 .
0 10 20 30 40 50 RS (Km)

FIG 4.32 MAIN RIVER WATER DEPTH ALONG RIVER

REBDBBINE- \WATER DEPTH FOR KNOWN NORMAL DEPTH FOR 100
YEAR RETURN PERIOD

GREEN LINE- KNOWN DEPTH ELEVATION FOR KNOWN WATER
SURFACE ELEVATION
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DOTTED LINE - SHOWS MINIMUM CHANNEL ELEVATION

105
95

a5

Elevation (m)

5

65 .
0 5 100 15 RS (km)

FIG 4.33 TRIBUTARY 1 WATER DEPTH

1040

a0

Fih I
0 5 10 RS (kKmij

Fig 4.33 TRIBUTARY 2 WATER DEPTH ALONG THE RIVER
REBIBINE -\WATER DEPTH FOR KNOWN NORMAL DEPTH
B \WATER DEPTH FOR KNOWN WATER SURFACE ELEVATION
DOTTED LINE SHOWS ~MIN CHANNEL ELEVATION

FIG 4.35 SHOWING MAIN RIVER FLOOD ON ITS BANKS

56



FIG 4.34 - SHOWING MAXIMUM DEPTH CONTOUR IN FLOODED AREA

4.36 FLOODING CHARACTERSTICS OF THE STUDY AREA

For known normal
depth

For known water
surface elevation

FLOW 1888338.20 1522613.16
VOLUME(1000M3)
FLOOD AREA(KM?) | 128.20 115.89
MAX.- 2.01 MAX.- 1.85
INUNDATION MIN-.35 MIN-.24
DEPTH(m) MEAN- 1.05 MEAN- .93
MAX-3.51 MAX-3.27
FLOW MIN-.01 MIN-.01
VELOCITY(M/S) MEAN-1.25 MEAN-1.28

TABLE 6
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CHAPTER 5
CONCLUSIONS

e When 100 year fl00d is evaluated max flow depth in the fl0Od plain in the entire

stretch that was studied is 201 cm and 185 cm respectively

e Max velOcity fOund in the entire stretch 3.51 m/s and 3.27 m/s fOr twO

dOwnstream cOnditiOn.

e Area Of inundatiOn vary fOr main river stretch between 115-130 km?

e Max Distance Of up tO which inundatiOn Occurs Over right bank is 600 m and fOr
left bank is 1500 m.

When inundatiOn areas are examined, it is seen that mOstly agricultural areas and small
parts Of several little settlements and sOme majOr rOads, are submerged. In study area,

mOst Of fl00d damage is Originated frOm agricultural 10sses.
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