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Abstract 

 

Water is the precious gift by the nature has now become limited, especially for drinking water 

need due to increasing population and pollution. Such situation arise the need to manage and 

conserve it more efficiently and judiciously. Dams are needed to effectively use the water in 

various useful purposes.  In this study, an attempt was made to develop a hydrologic model with 

help of advance software HECRAS to get an over view of the hydrological condition of the 

downstream of a Tail race channel of Maithon Hydel station. Q-GIS software is used to get the 

involvement of the catchment area for the flow calculation of the various points of the river 

Barakar. Digital Elevation Model (DEM) is used to identify the change in the topographical 

scenario throughout the study area .Finally from the satellite images of the Google Earth of the 

river system schematic is adapted for the model generation .Detail analysis of the sites is carried 

out from the data of the site visits and the data obtained from survey report. Due to  high 

discharge in rainy season low lying areas such as  tails race of the downstream side of the 

Maithon dam affected by the floods and cased massive soil erosion and scouring which will also 

effect impact on stability of the dam. To prevent this hazards sustainable stable channel design is 

needed. In this present thesis work an attempt had been made to know the stable channel 

dimension with help of HEC-RAS software. The simulated results from HEC-RAS will provide 

important information’s related to natural disaster. In addition, it reduces the uncertainty for 

flood inundation mapping under future dam releases. The collected data were used to generate 

the output by the software model and for flow calculation. The present study revealed that the 

flow rates of 65 m
3
/s ,130 m

3
/s and 200 m

3
/s is carried out and it can be concluded that the tail 

race cross section is sufficient to carry the above-mentioned discharges. Outcome of model 

quantify that the  average velocity of downstream section is  1.75 m/s which is  quite  more than 

the normal river velocity so bed material with boulder pitching needs to be addressed in the  

downstream channel to avoid scouring and erosion at bed level. The results are also depicted in 

the form of cross section outputs, profile outputs, XYZ perspective plots, general profile plots 

,water surface profiles, rating curves which are useful for predicting flood mitigation measures. 
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1. INTRODUCTION 

 

1.1 i. iGENERAL iBACKGROUND 

 

Water iis ione iof ithe imost iimportant ielements ifor iliving ibeing ion iearth. iIt isolves ithe ivarious ipurposes 

isuch ias ibiological ineed, idomestic i, iagricultural iand iindustrial irequirement iof iwater. iWater iavailability 

iin iIndia imainly iobtained ifrom iprecipitation, isurface iwater iand igroundwater istorage. iIndia iexperiences 

ian iaverage iprecipitation iof i1,170 imillimetres iper iyear, ior iabout i4,000 icubic ikilometres iof irains 

iannually ior iabout i1,720 icubic imetres iof ifresh iwater iper iperson ievery iyear. iSome i80 ipercent iof iits iarea 

iexperiences irains iof i750 imillimetres ior imore ia iyear. iHowever, ithis irain iis inot iuniform iin itime ior 

igeography. iMost iof ithe irains ioccur iduring iits imonsoon iseasons i(June ito iSeptember), iwith ithe inorth 

ieast iand inorth ireceiving ifar imore irains ithan iIndia's iwest iand isouth. iOther ithan irains, ithe imelting iof 

isnow iover ithe iHimalayas iafter iwinter iseason ifeeds ithe inorthern irivers ito ivarying idegrees. iThe isouthern 

irivers, ihowever iexperience imore iflow ivariability iover ithe iyear. iFor ithe iHimalayan ibasin, ithis ileads ito 

iflooding iin isome imonths iand iwater iscarcity iin iothers. iDespite iextensive iriver isystem, isafe iclean 

idrinking iwater ias iwell ias iirrigation iwater isupplies ifor isustainable iagriculture iare iin ishortage iacross 

iIndia, iin ipart ibecause iit ihas, ias iyet, iharnessed ia ismall ifraction iof iits iavailable iand irecoverable isurface 

iwater iresource. iIndia iharnessed i761 icubic ikilometres i(20 ipercent) iof iits iwater iresources iin i2010, ipart 

iof iwhich icame ifrom iunsustainable iuse iof igroundwater. iOf ithe iwater iit iwithdrew ifrom iits irivers iand 

igroundwater iwells, iIndia idedicated iabout i688 icubic ikilometres ito iirrigation, i56 icubic ikilometres ito 

imunicipal iand idrinking iwater iapplications iand i17 icubic ikilometres ito iindustry.Vast iarea iof iIndia iis 

iunder itropical iclimate iwhich iis iconducive ithroughout ithe iyear ifor iagriculture idue ito ifavourable iwarm 

iand isunny iconditions iprovided iperennial iwater isupply iis iavailable ito icater ito ithe ihigh irate iof 

ievapotranspiration ifrom ithe icultivated iland. iThough ithe ioverall iwater iresources iare iadequate ito imeet 

iall ithe irequirements iof ithe icountry, ithe iwater isupply igaps idue ito itemporal iand ispatial idistribution iof 

iwater iresources iare ito ibe ibridged iby iinterlinking ithe irivers iof iIndia.The itotal iwater iresources igoing 

iwaste ito ithe isea iare inearly i1200 ibillion icubic imeters iafter isparing imoderate ienvironmental i/ isalt iexport 

iwater irequirements iof iall irivers. iFood isecurity iin iIndia iis ipossible iby iachieving iwater isecurity ifirst 

iwhich iin iturn iis ipossible iwith ienergy isecurity ito isupply ithe ielectricity ifor ithe irequired iwater ipumping 

ias ipart iof iits irivers iinterlinking. iWater iresources iincluding irivers, ilakes ior ifresh iwater iwetlands iare 

iknown ias isurface iwater iresources. iPrecipitation iis ithe inatural irecharging isource ifor ithe isurface iwater 

iresources iand iit ialso imaintain ithe ihydrological icycle. i iRivers iare ithe imajor isource iof iwater iin iIndia. 

iThe iutilizable iannual isurface iwater iin irivers iof ithe icountry iis i690 ikm
3
. iHuman iactivities ilike iartificial 

idams, ireservoirs iare ialso iincluded iin ithe isame icategory iand ihave icapacity ito iincrease iutilization iof ithe 

iwater. 

 

Large idams iand idevelopment iare iinterrelated, iand ithis iacquaintance imay ibe iimplemented iin ian 

iintegrated iway ito iboost iup ithe ieconomy iof ibackward iregion iusing imainly ithe iwater, imineral, iand 

ipower iresources. iDevelopment ihas ibeen idefined ias ia idynamic iprocess iof igrowth, iexpansion, ior 

irealization iof ipotential, ibringing iregional iresources iinto ifull iproductive iuse i(Husain i2011). iRegional 

idevelopment iemphasizes ion ire-organizing ithe ispace ifor iits icomprehensive idevelopment iwith ia iview 

ito iproviding iideal iliving iconditions ito iall ihuman icommunities iin iall iregions iof ihuman ioccupancy inot 

iin iisolation ifrom ieach iother ibut iin iintegration iwith ieach iother i(Chandna i2008). iIn iIndia, ione iof ithe 

iearliest ioutcomes iof icomprehensive iregional iplanning iwas ienacted ias ithe imultipurpose iriver ivalley 

iproject, iconstructing ilarge idams ion imajor irivers i(focusing ion iflood imitigation, iirrigation iand 

ihydropower). iImportantly, ithe ifirst iriver ivalley iproject iof iIndia iwas ijointly iimplemented iin iDamodar 

https://en.wikipedia.org/wiki/Precipitation
https://en.wikipedia.org/wiki/Groundwater
https://en.wikipedia.org/wiki/Monsoon_of_India
https://en.wikipedia.org/wiki/Evapotranspiration
https://en.wikipedia.org/wiki/Indian_Rivers_Inter-link
https://en.wikipedia.org/wiki/Dissolved_load
https://en.wikipedia.org/wiki/Food_security
https://en.wikipedia.org/wiki/Water_security
https://en.wikipedia.org/wiki/Energy_security
https://en.wikipedia.org/wiki/Talk:Kalpasar_Project
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iRiver iBasin i(DRB) iby ithe istates iof iJharkhand i(then iBihar) iand iWest iBengal iunder ithe igreat 

ileadership iof ifirst iPrime iMinster, iPandit iJawaharlal iNehru. iThe imost isignificant igeographical iaspect 

iof ithis idevelopmental iprogram iis ithe imodification iof inatural ispatial iunit, ii.e., idrainage ibasin, iwhich iis 

ithe ifundamental iunit iof igeomorphic iand ihydrological istudy. iUnder ithe iDamodar iValley iMultipurpose 

iProject i(DVMP), ithe ivast iresources i(water, iminerals, icoals, iforest, iand ialluvial isoils) iof iDRB iare inot 

ionly ito ibe ienvisioned iin itheir ientirety ibut ialso ito ibe ideveloped iin ian iintegrated iway iwhere ithe iwater, 

iland, iand ipeople iare isimultaneously ibounded iin ia iseamless iweb i(Krik i1950; iSaha i1979). iThe ilarge-

scale imodification iof iriver ibasin iis ienacted iby ithe ifluvial iengineering istructures, iincluding idams, 

ibarrages, iweirs, isluices, icanals, iand iembankments, ito iregulate istream iflow iand ito iuse iwater iresource 

iin iproductive iways i(Mishra i2001). iHowever, iriver ibasins iare iconsidered ian iimportant irepository iof 

ineo-tectonic, ihydrological, iclimatic, iand ianthropogenic ichanges ibecause ithe ifluvial isystem iis ithe imost 

isensitive ielements iof ithe iearth’s isurface, iand iany ishift iin ienvironmental iconditions iinstigates ia irapid 

iresponse ifrom ithe ifluvial isystem i(Sridhar i2008; iSinghviandKale i2009). iSo ithe iconstruction iof idams 

iand iother istructures ion ithe iriver idemolishes iits iprevious inatural ientity iand icompels ithe ifluvial isystem 

ito ienter iinto ia inew iphase iof iequilibrium iwith ichanging iaggradation iand idegradation iprocesses. 

 

Flood iinundation imapping iand iHydraulic imodelling iare iperformed ito iprovide iimportant iinformations 

ifrom ithe iflood ievent iincluding ithe iwater isurface ielevations iand ilevel iof iinundation iwithin ithe istudy 

iarea. iA ihydraulic isimulation imodel iis ia imathematical irepresentation iof ithe iphysical ihydraulic 

iprocesses ithat ioccur iduring ia iflood ievent. iSuch iprocesses ican ibe idescribed iby iConservation iof iMass, 

iConservation iof iMomentum, iand iConservation iof iEnergy iequations iposed iin ieither ione, itwo ior ithree 

idimensions. iAs ione imight iexpect, ias ithe idimensionality iof ithe iproblem iincreases ithe icomplexity 

iassociated iwith isolving ithe iproblem ialso iincreases. iAs ia iresult, imany idifferent isimplifications iand 

iassumptions ihave ibeen imade ito icreate imodels icapable iof iproviding isuitable iaccuracy iwithout 

irequiring ia ilarge iamount iof icomputing ipower ior iinput idata. iA iriver isystem iis ia icombination iof ithe 

imain iriver ichannel iand iadjacent ifloodplain iareas. iWhen ithe iwater isurface ielevations iof ia iwaterway 

iduring ia iflood ievent iexceed ithe idepth iof ithe imain ichannel, ithen ithe iflow iexpands iinto ifloodplains. 

iIn i1D ihydraulic imodelling, ithe iflow iis iassumed ito imove iin ithe ilongitudinal idirection ionly, ithat iis, 

idownstream. iThe iterrain iin ia1D imodel iis irepresented ias ia isystem iof icross-sections iand ithe iresults 

iare ian iestimate iof ithe iaverage ivelocity iand iwater idepth iat ieach icross isection. iThe iuse iof ihydraulics 

imodels ias idecision isupport ihas ibecome iessential ito ibetter idescribe iand iknowledge ithe iflow 

icharacteristics, iparticularly ithe iwater isurface iprofiles. iHowever, ithe ichoice imust ibe imade iby 

iidentifying iparsimonious imodel istructure iwhich iprovides igood ipredictive ipower iand irepresents ithe 

ireal ibehaviour iof ithe ihydraulic isystem. iThis irepresentation ipasses iby ithe iestimation iof ithe imost 

iimportant ihydraulic iparameters iof iflow isuch ias iwater isurface, iFroude inumber, iwater iflow ivelocity, 

islope ietc. i iIn ithis ipaper, iwe ifocus ion ithe iBarakar iriver ibasin ilocated idownstream iof ithe itail irace iof 

iMaithon iDam. 

 

The ihydraulic iengineer’s iinevitable itask iin ihydraulic idesign ipractices iincludes ithe icomputation iof 

iwater isurface iprofiles ifor ian iopen ichannel. iThe icomputation iis icarried iout ifor i(a) ithe idischarge iin ia 

ichannel iwith isub-critical ior isuper-critical iflow i(b) idetermination iof iback iwater ieffect iof ia iproposed 

ihydraulic istructure ilike idam, ibarrage, iweir ibridge ietc. iand ito idesign icanals iand itransition izones 

i(c)tracing iof iupstream iflood ilevels iwith ithe ichannel iimprovement i(d) iestablishing iwater isurface 

iprofiles ifor ilevee idesign i(e) iestablishing iflooded iarea ilimits ifor iflood iinsurance istudies i(f) 

idetermination iof iwater isurface ielevation ifor iflood iplain imanagement i(g) idetermination iof iareas 

iinundated iby ivarious iflood idischarges ifor ithe iassessment iof idamages i(h) iproviding ia ireasonable 
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iinitial icondition ifrom iwhich ian iunsteady isimulation ican ibe istarted i(i) idetermination iof ithe isafe iand 

ioptimum ioperation iof icontrol istructures iand iso ion. 

 

An iopen ichannel iis ia iconduit iin iwhich ia iliquid iflows iwith ia ifree isurface. iOpen ichannel iflow imay ibe 

ieither isteady ior iunsteady. iSteady iflow iin iopen ichannel iis isaid ito ioccur iwhen ithe iflow iproperties isuch 

as ithe idischarge iat ia isection ido inot ichanges iwith itime. iIf ithe ichange iin iflow icondition iwith irespect ito 

itime iis ia imajor, iconcern, ithen ithe iopen ichannel iflow ishould ibe itreated ias iunsteady. iIn imost iof ithe 

iopen ichannel iproblems iit iis inecessary ito istudy ithe iflow ibehaviour iunder isteady iconditions. iSteady 

iflowing ian iopen ichannel isystem iis itermed ias isteady iuniform iflow iwhen ithe idepth iis ithe isame iat 

ievery isection iof ithe ichannel. iOn ithe iother ihand, ithe iflow iis itermed ias isteady ivaried iflow iwhen ithe 

idepth iof iflow ichanges ialong ithe ilength iof ichannel. iSteady iuniform iflow iis ithe ifundamental itype iof 

iflow itreated iin iopen ichannel ihydraulics. iVaried iflow ialso imay ibe ieither igradually ior irapidly ivarying. 

iIn irapidly ivarying iflow, ithe idepth iof iflow ichanges iabruptly iover ia icomparatively ishort idistance. 

iHydraulic ijumps iand ithe ihydraulic idrops iare ithe iexamples iof irapidly ivaried iflows. 

 

Flow idynamics iunderstanding iin ia iriver isystem iis ian iessential istep ito ithe iwater ineeds iagreement i.This 

irepresentation idocumentations iby ithe iassessment iessential ifactors iof iflow ilike iwater isurface, iFroude 

inumber, ivelocity iof iwater iflow. iIn ithis ipaper, iwe ifocus ion ithe iriver iBarakar ibasin. 

When ithe ivarious iparameters iat iany ipoint ido inot ichange iwith itime, ithis iflow iis icalled iSteady iflow. 

iUnsteady i(non-steady) iis ithe iflow iin iwhich ichanges iwith itime ido ioccur ias idiscussed iearlier. iIn 

ipractice, isteady iflow iis ithe iexception irather ithan ithe irule, ibut ihere iin ithe ifollowing icase iit iis 

isupposed ithat ithe iflow iis isteady i.Steady iFlow iAnalysis ifor idownstream itail irace iusing iHEC-RAS 

iProgram iis iconducted iin ithe igiven istudy.HEC-RAS i5.0, i2016 iprogram iis ian iapplied isoftware ipackage 

ifor isimulation iof iriver inetwork iin isteady iand iunsteady iflow iregime iwhich iis ibased ion ihydraulic 

irouting. iThis iprogram iis icommonly imentioned iin ihydraulic isystems ianalysis. 

 

 

HEC-RAS imodel ibased ion ihydraulic irouting iis iselected ito idescribe ithe ihydraulic ibehaviour iof ithis 

iriver ibasin iby iperforming isteady iflow icalculations iin iorder ito igenerate iwater isurface iprofiles ifor 

idifferent idischarges. iThis isoftware iis iwidely irecommended iin ianalysis iof ihydraulic isystems ibecause iit 

iprovides iuseful iinformation ifor iwater imanagement iand iplanning. iThis imodel iis ivery ilittle idemanding 

iin idata, iit iis ivery ieasy ito iprovide iresults. iThe iapplication iof ithe imodel ion ithe itail irace iof ithe 

idownstream iof iMaithon idam igives isatisfactory iresults. iIt iallows iidentifying ithe ihigh iand ilow iflow 

icharacteristics iareas isuch ias iwater isurface iprofiles, iwater isurface ielevation, iflow ivelocity, itop iwidth, 

islopes, isurface, ivolume, ielevation iof ienergy igrade iline i, iwetted iperimeterandareas iof ithe ilarge iand 

inarrow iwidth i ihave ibeen ilocated i.It ialso iallows iview ithe ihydraulic iparameters iincluding iwater isurface 

iprofiles ievolution ialong ithe iriver ireach. iThese iresults ialso iindicate ithat iHEC-RAS imodel iis isuitable 

ifor iinvestigation iand isimulation iof ihydraulic iflows iin iriver inetwork iof iBaraka iriver icross-section. 

The iHydrologic iEngineering iCenter's i(HEC) iRiver iAnalysis iSystem i(HEC-RAS) isoftware iallows iyou 

ito iperform ione-dimensional isteady iflow, ione iand itwo-dimensional iunsteady iflow icalculations, 

isediment itransport/mobile ibed icomputations, iand iwater itemperature/water iquality imodelling. iHEC-

RAS iis ian iintegrated isystem iof isoftware, idesigned ifor iinteractive iuse iin ia imulti-tasking ienvironment. 

iThe isystem iis icomprised iof ia igraphical iuser iinterface i(GUI), iseparate ianalysis icomponents, idata 

istorage iand imanagement icapabilities, igraphics iand ireporting ifacilities. iThe iuser iinteracts iwith iHEC-

RAS ithrough ia igraphical iuser iinterface i(GUI). iThe imain ifocus iin ithe idesign iof ithe iinterface iwas ito 

imake iit ieasy ito iuse ithe isoftware, iwhile istill imaintaining ia ihigh ilevel iof iefficiency ifor ithe iuser. iThe 

iinterface iprovides ithe ifunctions isuch ias iFilemanagement, iData ientry/editing iand iGIS 
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idatainterfaces,Riveranalyses,Tabulation iand igraphical idisplays iof iinput iand ioutputdata,Inundation 

imapping iand ianimations iof iwater ipropagation,Reportingfacilities,On-linehelp. 

 

In ithis igiven istudy ithe iriver iBarakar iof ithe itail irace iof iMaithon idam iis iconsidered ifor ithe 

isteady iflow ianalysis. iIt iis iproposed iby iDVC ithat ithat ithe idownstream iculvert istructure iwill ibe 

idestroyed iand ithe inew iriver ipath iwill ibe iconstructed iconsidering ithe ifull istretch iof iriver iand 

ireducing ithe ireduce ilevel iof iriver ito i94m ias ispecified. iThe ireduce ilevel iwill ibe ireduced iby 

idredging iand iexcavation. iThere iis ia iupstream iadverse islope ithrough iwhich iwater iis ipumped 

iand isubsequently iafter ithe islope ithere iis itwo iwall iwhich ireduce ithe ivelocity iof iriver iand iafter 

ithat ithe iriver igoes idown ito ireduce ilevel iof i94 imother isteady iflow ianalysis iis icarried iout idue 

iconstant idischarge iof i65 im
3
/s i,130 im

3
/s iand i200 im

3
/s iis ireleased ifrom ithe ipumping 

istation.Whereas imain iemphasis iis igiven ito ithe imaximum idischarge iof i200 im
3
/s. iAccordingly 

ithe ihydraulic ianalysis iis icarried iout. 

 

1.2 THE i iSTUDY iAREA i 

 

The iStudy iArea iis ilocated i48 ikm ifrom iDhanbad, iat ia iplace icalled iMaithon, iwhich iis iin ithe 

istate iof iJharkhand. iIt iis i15,712 ift. i(4,789 im) ilong iand i165 ift. i(50 im) ihigh. iThis idam iwas 

ispecially idesigned ifor icontrol iof iflood iof ithe iregion iand igenerates i60,000 ikW iof ielectric 

ipower. iThere iis ian iunderground ipower istation ithe ifirst iof iits ikind iin ithe iwhole iof iSouth iEast 

iAsia. iThe idam iis iconstructed ion ithe iBarakar iRiver. iThe ilake iis ispread iover i65 isquare 

ikilometres iand ithe istudy iarea iis imainly idownstream iof iMaithon idam ion ione iof iits itail irace 

i.The iflow iinitially iis iuniform iand ifurther idownstream iis inon iuniform iin inature. iPS ilocations 

ihave ibeen iidentified, idischarge idata, iwater ilevel imaps iwere icollected ifrom ithe irecords iof 

iDVC, iin-situ isoil isamples iwere icollected ithrough islim iboring isurvey. iIn ichapter i3 ithe igeneral 

icharacteristics iand ifeatures ipertinent ito ithe iplace iare iillustrated. iThese icharacteristics iinclude 

ithe ilocation, iclimatic iconditions, iland iuse, itopography iand idrainage ipattern. 

 

Figure i1.1 i: iPicture iof iMaithon iDam 
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Map i1.1 i: iLocation iof istudy iArea 
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1.3.OBJECTIVE iOF iTHE iSTUDY 

 

The iobjective iof i ithis istudy iare ito idevelop ihydraulic icalculation imodel iat ithe idownstream iof ia iTail irace 

ichannel iof iMaithon iHydel istation iusing ithe isoftware- iHEC-RAS, ievaluation iof ithe iflow ipattern 

ithrough isteady iflow ianalysis iat ia istretch iin itail irace ichannel iin iriver iBarakar. iIdentification iof i ithe iflood 

iaffected iarea iof ithe istudy iregion iand ito idevelop iflood ireduction iplan. iTo idevelop ithe ivarious iprofile iplots isuch ias icross 

isections, iwater isurface iprofile, igeneral iprofile iplot, irating icurves, iX-Y-Z iperspective iplot ito ihave ithe iclear iview iof ithe 

ifuture icondition iafter iimplementing ithe iproposed ichange iof iriver icourse. 

 

1.4 iSCOPE iOF iWORK 

The ipurpose iof ithis iresearch iwork iis ito ioutline ithe iprocedure iengaged iin iusing ithe isoftware iHECRAS iincomputing ithe 

isteady iflow ianalysis iof ithe iconsidered iriver isystem ifor igenerating iprofiles iof iwater isurface. iThe iapplication iof ithe 

imodelling isoftware iis iefficient ito imanage ia ifull inetwork iof ichannels, iadentritic ior ia isingle iriver ireach. iThe isteady iflow iis 

iused ifor icarrying iout isupercritical isubcritical iand imixed iflow iregime iof iprofile iof iwater isurface i.The ioverall iaim iof ithe 

istudy iis ito iintegrate iand idevelop ia iriver ianalysis isystem iincluding idam iin ithe istudy iarea. iKey ifeature ito iachieve ithe 

iresearch iobjectives iare igiven ibelow. 

1. iHECRAS isoftware ifor isteady iflow ianalysis iof ithe iriver imodel. 

2. iSatellite iimages iusing iGoogle iEarth ifor idetermination iof itheelevations,latitude, iand ilongitude iof iseveral ipoints. 

3. iUse iof iDEM i& iQGIS ifor ihaving ithe iidea iof ithe icatchment iarea iinvolvement. 

4. iData iof icross isection,discharge, islope iand isoil iproperties igiven iby iDamodar iValley iCorporation. 

 

1.5 iOUTLINE iOF iTHE iTHESIS 

 

The ithesis iconsists iof iseven ichapters i.chapter i1 idescribes ithe ioverview iof ithe iresearch istudy, ichapter i2 icontains iliterature 

ireview i.Chapter i3 idescribes ithe istudy iarea iand iits icharacteristics. iChapter i4 ireveals ithe irelevance iof inumerical imodel iand 

iworking iprinciple iof iHECRAS iin i i idetermining ithe iresults. iChapter i5 iillustrates ithe iresearch imethodology i.Chapter i7 

ipresents idata ianalysis iand iresult.Finally iin ichapter i8 ithe isummary iof ithe iresearch istudy idescribes iin iconclusions iand 

irecommendations i.References iare igiven iat ithe iend iof ithe idissertations. 
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2. iLITERATURE iREVIEW i 

 

The ifollowing istudied ihave ibeen icarried iout iin iprevious iyears iin iHECRAS iusing idifferent iparameter 

imethodology iand iparameter iestimation. iThe imain ipurpose iof ithis iliterature ireview iis ito itake iguidance 

ifrom itheir iearlier istudies. 

 

Kayuun, iT.S. iet ial.(2018) imade ia itwo idimensional i isteady ianalysis ion ithe iNorthern iof iTigris iRiver 

ibetween iAl- iMuthana iBridge iand iSarai igauging istation iin iBaghdad icity iin iIraq. i iUsing ithe iHEC iRAS 

iversion i5.03 isoftware. iThe iunsteady ianalysis iis icarried iout ito isimulate ithe iresult iand imake iuse iof ithe 

ifield imeasured idata iand iuse ithe iresult ifor icalibration iand iverification ipurpose. iThe iflow ivelocities 

iand iwater ielevation iis icomputed ibased ion ithe ipredetermined iflow irate iof iflooding iscenario iof i3050 

im
3
/s. iThe iresult iare iused ito idetermine ithe iinundation imapping ifor ithe iregion ifrom i(1930- i2004), 

iusing irelevant idata. iThe ieffect iof iincrease iin iflow ion iroughness icoefficient iis iobtained ifrom irating 

icurve. iThe iroughness icoefficient iis iincreasing irapidly ifor ilow idischarge iand iless isteeper ifor imedium 

iand ihigh idischarge i.In ithis ianalysis itwo idimensional ianalysis iis icarried iout ifor ipeak iflow ito ifind ithe 

ivelocity iand ithe iwater isurface ielevation i.Hence ithe imaximum iand iminimum iwater ilevel iis iobtained 

ias i37m iand i35m irespectively. iThe ipredicted iwater ielevation iat iSarai igauging istation iis icompared 

iwith ithe imeasured iwater ilevel iand ifound iacceptable. iThe iaverage ivelocity icomputed iis iquite 

isatisfactory. 

 

Omran, iZ.A.et ial.(2018) iused ithe iHECRAS iprogram ifor ianalysis iof istudy iarea i iShatt iAl iHilla ifor 

i51.100 ikm ilength iof iit ifor ieach i100 im ilong. iThe i imodel isimulation iwith ifield isurvey ifor iShatt iAl-

Hilla iwere iverified iwith idifferent itable iand i igraph iand ithe iresults iis iobtained iin ithe iform iof ivarious 

iparameter ilike ivelocity i,slope, idischarge ietc. iThe iHECRAS iis iused ito icarry iout isteady iand iunsteady 

iflow ianalysis. iThe iwater isurface ilevel iincrease iwith iincrease iin idischarge iaccordingly ithe ivelocity 

ichanges iwith ichange iin icross isections. iThe iresults ishows ivelocity iincrease iin ithe icenter iof ithe iAl- 

iHilla icity ifrom ithe ibeginning iof ithe istudy iarea. iHigh iprobability iof iembankment ierosion imay icause 

ifrequent ishifting iof ibends. iThe iriver ihas ia irisk iof icumulative isedimentation iload i.This iis imainly idue 

ito islow ivelocity iof iriver i ifor iboth ihigh idischarge ii.e. i170m3/sand ilow idischarge i.i.e. i70m3/s iwhich iis 

iused ifor ithe ianalysis. 

Sathe, iN. iJ. iet ial. i(2018) ihad iused ithe iHECRAS isoftware ifor ithe ihydraulic ijump isimulation iover 

iogee ispillway. iThe imodel iis isimulating ito ilocate ithe iposition iof ihydraulic ijump iand ithe 

icorresponding iwater isurface ilevel iprofile. iComputed iresults iare icompared iwith ithe iexperimental 

iresults. iThe icomparison ishows ithe iHECRAS ioutput igives isatisfactory iresult iin idetermining ithe 

ilocation iof ihydraulic ijump i.the irange iof iFroude iNumber iis iacceptable. iThe ihydraulic ijump iis iwell 

imerged iwith ithe istilling ibasin. iThe ihydraulic ijump iforms iat ithe itoe iof ispillway iand ifurther imoves 

idownstream iwith iincrease iin idischarge. iThe iwater isurface iprofile ithe ihydraulic ijump igets isubmerged 

iat ithe itoe iof ithe ispillway. iFlow icharacteristic igiven iby iHECRAS ishows igood iresult. iThus ithe iresult 

iis isatisfactorily iin iagreement iwith iexperimental iresult ifor ihydraulic ijump iformation iover iogee 

ispillway. 

Shamkhi, iM.S. iet ial. i(2018), iused iHEC iRAS ifor icalibration ipurpose iof imanning`s in ivalue iof iTigris 

iriver ireach. iData iis icollected ifrom i2006-2017 ieight idata isets ifor itwo iparameters istage iand idischarge 

i.The istudy iis icarried iout iin idownstream iof iKut ibarrage ireach. iThe iresults igive iaverage ivalue iof 

imanning`s ivalue in i.The istudy iis iconducted ibecause ino istudy iis iconducted iin ithis ireach ifor icalibration 
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ipurposes. iThe irange iof iwater isurface ilevel iof i(+10.300 ito i+12.511) iand iflow idischarge irange iof 

i(202.7 i- i355.280) im
3
/secare iobtained ifor ithe igiven istudy. 

 

 

Shayannejad, iM.et ial. i(2018) icarried iout ithe iunsteady iflow ianalysis iin iopen ichannel. iThe 

icharacteristics iand ifinite idifference imethod iis iused ias ithe ibasis iin iHECRAS iunsteady iflow ianalysis. 

iThe icross isection idata, iboundary iconditions, iinitial idischarge iis iused ifor ianalysis. iThe isurface iprofile, 

iflowhydrograph, iflow ivelocity idistribution iis iobtained ias ithe iresult. i iIn ithis iprocess ithe ienergy iand 

iduration iequations iare idecided ifor isteady, islowly idiverse iflow iby ithe iNewton–Raphson iprocedure. 

 

Alzahrani, iA.S. i(2017) imade icomparison ion ianalysis iof ione-dimensional iand itwo idimensional 

ianalysis iof iHECRAS isoftware iin idetermination iof iwater ilevel iand iflood iinundation. iThe itwo 

imodelsare itested iin ithe iGreat iMiami iand ibear icreek. iThe iflood iinundation imap iis iobtained iand 

icompared iwith ithe imeasured iinundation iextent. iThe istudy iillustrates ithe iacademic ibasis ifor imodelling 

ifloodplain iflow ibased ion ithe itwo-dimensional ianalysis. iThe istudy ialso ihelps ito iget ithe isuitable 

imanning`s ivalue in ifor ithe itwo idimensional ianalysis. iThe itwo-dimensional ianalysis iis imore ireliable 

ifor istorage iarea iinclusion ias ialready isuch iinformation iis ipresent iin ithe itwo idimensional imodels iitself. 

iThe i itwo idimensional imodelling iis idone iby iterrain imap/model iwith iprojection icoordinate isystem, 

icreating ithe icomputational imesh, iproviding ia iflow iinputs iand iexit istage, iexploring ia iland icover iwith 

ia ispatial ibed iroughness, isetting ia iturbulence, irunning iSimulation iand iValidation ithe 

iresults.Thetwodimensional imodel ireduce itime iconsumption iand ieffort ias icompared ito ionedimensional 

imodel. 

 

Peck, iW.W. i(2017) iused iHECRAS ifor ihydraulic idesign iof ibridges i.The istudy iis icarried iout inine 

ibridge ilocation iof iLouisiana, iMississippi, iand iAlabama. iFactors iaffecting iare iexamined isuch ias 

ilocation iof itransitional ilength, iinterference idue iinappropriate iboundary iconditions, ieffect iof ibridge 

icalculation idue ito ihigh icurrent, ieffect iof ibridge icalculation idue ito ilow icurrent, ieffect iof icross isection 

iinterpolation. iComparison iis idone ibetween iobserved iand icomputed ivalue. iThe icalculated iwater ilevel 

iis imuch ilower ithan iobserved ivalue is ibecause ienergy ilosses idue ito icontraction iand iexpansion iare inot 

itaken iinto iaccount. iInterpolating icross isections igive imore idetailed iwater ielevation iascompared 

iportions iof ireach inot icontaining icross isection. iInterpolation idoes iaffect isignificantly iin icase iof irapidly 

ivaried iflow. iInappropriateselection iof iboundary ivalues iaffects iupstream iwater ielevation. 

 

Ahmad, iH.F. iet ial i(2016) idescribed ithe iapplication iof iHEC iRAS ion iprediction iof iflood iof iriver 

iJhelum i.The idata iof ipeak iflood iis iused ito ipredict ithe iexpected ifuture iflood i.This iwill ihelp ithe 

iinsurers, ipolicymakers, iengineers ito imake inecessary isteps. iThe imodel ioutputs ipredicted ioverflow iat 

imaximum ilocations iunder ithe istudy iarea ifor i50 iyears iand iabove ireturn iperiod. iThe imain iobjective iof 

ithe istudy iis ito ifind ithe iwater isurface ielevation iabove ithe ibed ilevel. i iThe imain ifocus iis ito iuse 

iHECRAS isoftware iin isimulating ithe iwater isurface iprofile iof ithe iriver iJhelum iwhich iis imost 

iresponsible ifor ithe iflood iin iKashmir. iThe ione idimensional iHECRAS imodel iis iused ifor icomputation 

iof iresults. iThe ianalysis isuggests ithat imost iarea iof ithe istudy iarea iis ito iget iinundated ifor i50 iyears iand 

i100 iyears iflood. iThe ileft ibank iarea iis imore isusceptible ito iflood ithan ithe iright ibank iarea. 

 

Maharjan, iL.B. iet ial. i(2016) ihad imade ia icomparative istudy ibetween i1D iand i2D iflow ianalysis iand ito 

ifind ithe ibest iamong ithe itwo. iThe ianalysis iare idone ion iboth iprismatic iand inon-prismatic ichannel.1D 

ianalysis iis iused ifor iprismatic ichannel iexpect iat ibends iwhich irequire i2D ianalysis. iFor inon-

prismaticchannel i2D ianalysis igive iprecise iwater isurface ielevation. iPrismatic ichannel igive isimilar 
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iresult ifor i1d iand i2d ianalysis i.but ifor inon-prismatic ichannel i1d iand i2d i ianalysis ifor ia igiven idischarge 

i.The iwater ilevel inear idam i,bridges iand ivarious ihydraulic istructure ican ibe iobtained iby ithis isoftware. 

iThe isediment itransport iand iscouring iof ibed imaterials ican ibe istimulated iby ithis imodel. iAccording ito ithe 

ioutcome iof ithese istudy iboth isteady iand iunsteady iflow ican ibe icarried iout ifor iflow inear idam iand 

ihydraulic istructures i.flow ifloe inear ihydraulic istructures itwo idimensional ianalysis ishould ibe icarried iout 

1d iand i2d iunsteady ifor ianalysis ishould ibe icarried ifor iboth iprismatic iand inon-prismatic ichannel. 

 

ShahiriParsa, iA.S. iet ial i(2016) i iin ithis istudy, ione-dimensional imodel iHydrologic iEngineering iCenters—

River iAnalysis iSystem iand itwo-dimensional imodel iCCHE2D iwere iused ito isimulate ithe iflood izoning iin 

ithe iSungai iMaka idistrict iin iKelantan istate, iMalaysia. iThe itwo imodel iHECRAS iAND iCCHE2D i iare 

iused i ito imatch ithe iresult iof ithe imost isection. iThe ifloodplain izoning imaps iis iuseful iin ichoosing ithe 

imost isignificant ifactors ithat ican iaffect iany iarea iof iflood ireturn iperiods iare ivolume iand isurface irunoff 

ito ithe iupstream iof ithe iriver ior iflood iconditions iand iits iphysical icharacteristics i(such ias isurface 

imorphology). iGeometry iof irivers iis ialso iimportant, ias ithey iare iused ifor ihydraulic icalculations iand 

istudies ion iriverbeds ito iestimate ithe iflow icharacteristics iof ia iparticular iinterval ion ia iriver; ithe iadaptation 

iof iboundary icondition iis irequired. 

Hussien, iH.(2015) iin ithe istudy iuses iHECRAS isoftware ifor iconstructing ione idimensional ihydrodynamic 

imodel iand ito imeasure ithe iwater iquality iparameters. iThe istudy iis iconducted ion ithe iDubai iCreek ito 

iunderstand ithe iprocess ieffecting i iof icreek i.The iresult ishows iincrease iin ialgae iconcentrations iin ithe 

iCreek iMouth istation ito iSanctuary istation iand iincrease iin inutrient iin ithe isewage itreatment iplant ioutfall 

istation. iThe iDissolve iOxygen iis imaximum iat ithe icreek istation iand iminimum iat ithe iWharfagestation.The 

imodel ivalidation iby icarrying iout ithe isensitivity ianalysis ion ihydrodynamic iand iwater iquality iparameters. 

iThis istudy ion i iwater iquality iparameter iis iinvestigated iand ieffect iof icombination iof ivarious iquality 

iparameter iis iassessed. iFurther istudies iare idone ifor iobtaining ithe idistribution iof ipollution iin iDubai icreek 

iregion. 

 

Serede, iI.J. iet ial. i(2015) ihad iconducted ithe istudy ion itheMwea iirrigation isystem i,Kenya. iThe iHECRAS 

imodel iis iused ito iestimate ithe ierror iand idetermine ithe icanal icapacity ipotential.The iHECRAS imodel iis 

iused ifor icalibration iand ivalidation iof idischarge, igate iopening iand iwater ilevels. iThe istatistical iand 

igraphical imethods iare iused ifor idetermining ithe icanal icapacity. iThe iresult ishows ithe iincrease iin 

ihydraulic iresistance iled ito idecrease iin icanal icapacity ipotential. iThis istudy iis ito iimprove ithe imanagement 

iand ioperation iof ithe iirrigation isystem ifor ieffective iand iefficient iwater isupply ifor ithe ifarmers. 

iCalibration iand iimmediate iinstallation iof imeasuring idevice iimmediate idownstream iof ithe ioff itakes. 

iResearch ion ithe icanal iconstruction iis ito icheck iwhether ithe iconstruction iis ias ipar ithe ioriginal idesign 

iand ithe itest imodel ivalidity iis imaintained. iThe iseepage iand ievaporation ilosses iare iobtained iby iother 

itechnique iwhich ithe iHECRAS imodel icannot iaccount ifor. iThe imodel iestimate ithe ipotential ibank 

ioverflow iat ispecific idischarge iand ito idredge iat irequired ilocation ito ikeep ithe istretch ifree ifrom isiltation 

iand ikeep ithe iwater ilevel iwell ibelow ithe ibank ilevel. 

 

Traore, iV.B. iet ial i(2015) iused iHEC-RAS ito ifind ithe ihydraulic icharacteristics iof ithe iriver. iThe iArc iGIS 

iis iused ito ifind ithe ibathymetry iof ithe iselected iregion i.The iregion ibetween ithe iconfluence idam iand 

iKounkane ithreshold iis itaken ias ithe iriver ireach ifor ithe igiven istudy. iThe iregion iis idivided iinto i24 icross 

isections iand ithe icross isections igeometry iis icreated iby iHEC iRAS isoftware. iThe ianalysis iis iused ito ifind 

ithe iflow ivelocity, idepth, islope iand iother iparameters. i iThe iresults ishow imost iof ithe ihydraulic iparameters 

idecreases ifrom iupstream ito idownstream. iThese ihelps idecisions imakers ito itake ioptimum idecision ifor ithe 

imanagement iof iwater ifor iirrigation iin ithe iAnambe iriver iregion. iThe iHECRAS imodel iis iused ito 

icompute ithe iflow icharacteristics iof ithe istudy iarea ito iknow ithe ihydraulic ibehaviour iof ithe iriver. iThis 

ihelps ito ifind ithe ihigh iand ilow iflow icharacteristics iof ithe iarea isuch ias iflow idepth, iflow ivolume iand 

itheir ispatial ievolution ialong ithe iriver ireach. 
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Mehta,D.J i.et ial i(2014) ihad iconducted istudy ion i iflood iprone iareas iof iSurat icity inear iriver iTapi.The 

ihydraulic imodel iwas iused ito icarry iout iuniform iflow icomputations iand ito ievaluate ithe iflood iconveyance 

iperformance. iThe imain iobjective iis ito ifind ithe icross isection ioutput ifor ivarious ipast iflood ievents, ito 

ifind ithe iself-adequacy iof ithe iexisting icross isection iat idifferent idischarge iand ito iensure isafe iconveyance 

iof idischarge iby iconstructing iretaining iwall iand iembankments i.With ithe iincrease iof islope ithe ivelocity 

iincreases iand ihence ithe idischarge icapacity iof ithe iriver iincrease i.The icapacity iof iriver iTapi iis ito ibe 

iincreased iso ias ito idecrease ithe ipossibility iof iflood iin ifuture iin ithe icity iof iSurat. iFrom ithe ianalysis iit 

ihad ibeen ifound ithat ithe iWest iand iSouthwest iSurat iis ihighly iprone ito iflood iwhereas ithe iEast iof iSurat 

iis ileast iprone. iThe icross isection iwhere ithe iwater ioverflows inecessary iprecautions iin ithe iform iof 

iretaining iwall iand iembankments ishould ibe itaken 

 

 

Tahmasbinejad, iH. iet ial. i(2012) iin ithe ipresent istudy iconducted itest iin ithe iKarun iRiver iregion, isouth 

iwest iIran. iThis iarea iis ithe idomain iof ifrequent ioccurrence iof isevere iflash iflooding. iThe itwo imodel iused 

iin ithis istudy iis iHEC iHMS iand iHEC iRAS i.HEC iHMS iis iused ito iobtain ioverland iflow iand ichannel 

irunoff ifrom ithe iprecipitation iof ithe igiven iarea iand iHEC iRAS iis ito icarry iout ihydraulic imodelling iof 

ithe iunsteady iflow iof ithe iriver isystem iobtained ifrom ithe iflood ihydrograph iwhich iis iobtained ias ithe 

ioutput iof ithe iHECHMS. iThe istudy iof ithis iarea ican ibe iused ias ia iprototype ito icarry iout ithe imodel 

iapplications iin iother iareas. iThis istudy ican ibe iused ias ithe ihydrological itool ifor ithe ifurther ifuture istudy 

iin ithe iarea. iThe isimulated idata iis icompared iwith iAthe iwater istorage idata iof iseveral istorm ievent idata. 

iThe imain iobjective iof ithe imodelling iis ito icreate ia idatabase iso ithat ithe icomputation imade iby imunicipal 

ioffice iin iriver itraining iwork i ihydraulic iwork iconverge i iat iappoint iand isame i iassumptions iis itaken ifor 

iroughness icoefficient iand ihydrological idata iso ithat iconstant iupdating iof ithe idata itakes iplace. i 

Kasper, iK.E. iet ial i(2005) iused ihydraulic imodel ito icalculate ithe iflow idepth iand ienergy ilosses iin ia iriver 

isystem i iand iare idefined ias ithe i1 id i2d iand i3d imodels.HEC iRAS iin i1D imodel iIs iused ito ifind iout ithe 

icalculations ifor isteady iand iunsteady iflow iin irapid ivaried iand igradually ivaried iflow. iThe imeander ibend 

is iwhere ithe ivelocity iin ione idirection iis inot isignificant iand ithe ivelocity iin iother itwo idirection iis 

isignificant ithe iHECRAS i1D imodel iis iused.HECRAS iis ioften iused ito ifind ithe i3d ivelocity iprofile iwith 

iand iwithout ibend iweirs iresearch iis ito ibe iconducted ito ifin ithe iaccuracy iof iHECRAS.In ithis ipresent 

istudy ithe ispiral iand isecondary icurrents iis ifound iout ias ithe iminor ilosses iin ithe imender ibends. ithe ispiral 

iand isecondary icurrents iis iquite isignificant iin iamount iin ienergy ilosses iand ito ibe imeasured iaccurately 

itom idetermine ithe itotal ilosses iin imeander ibends i.In ithis ipresent istudy ionly imanning`s in iand icontraction 

iand iexpansion icoefficients iis iused ito imeasure ithe ilosses i.The iBend iway iweirs ihas ilimited ioptions i.In 

ithe ifuture ithere iis ia iscope ito iextend ithe istudy ito iother istructures ilike ibridges, iweiroptions, iblock 

istructures ietc. 

 

Shelley,J.carried iout ia istudy iin ithe iTurtle iCreek ilake iregion. iOne idimensional iunsteady ianalysis iand 

isediment imodel ianalysis icarried iin ithe istudy iarea. iHEC iRAS imodel iwas iused ito ievaluate ithe itechnical 

ifeasibility iand ieffectiveness iof ialtering ithe ireservoir ioperations ito idecrease isediment itrapping iefficiency. 

iThis imodel iused inew ifeatures iof iRULES ieditor iand iunsteady iflow ianalysis iof ithe iHECRAS i5.0 ibeta 

iversion. iThis imodel iis iused ifor isedimentation ianalysis iand ito ifind ithe ivariation iof isediment iaccumulation 

ifor ivarious ireservoir ioperational iprocedures iin ilarge ireservoirs. iThe iresults ifound iout imainly ipreliminary 

ifor ithe icalculation is ifor iall ithe iearly istages. iThe ianalysis iused ithe iHECRAS i5.0 imodel ifor imobile ibed 

imodel ifor imodelling iand icalculating ithe isediment iload ifor ithe iTurtle iCreek ilake iregion. iAdditional 

imeasures ifor imodel istability ihad ito ibe itaken ifor iproducing istable ihydraulic imodel. i 
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3. DESCRIPTION iOF iSTUDY iAREA 

 

The iStudy iArea iis ilocated iat ilatitude i23°47ʹ13.06ʺ inorth iand ilongitude i86°49ʹ01.44ʺEast ion iriver 

iBarakar iat iMaithon iin iDistrict iDhanbad iin ithe istate iof iJharkhand. iIt iis iin ithe iLower iGanga ibasin. 

iThe icatchment iarea iup ito iMaithon iDam ihas ibeen iestimated ias6388.69 ikm², iusing iSRTM iDEM. iThe 

iheight iof ithe idam iis i56.08 im. iThe idam ihas ia itotal ilength iof i4426.76 im icomprising i4064.35 im ilong 

iearthen iembankment iand i362.41 im ilong iconcrete ioverflow isection. iThe iriver iforms ithe iboundary 

ibetween iWest iBengal iand iJharkhand iin ithat iarea. iThe idam iwas iinaugurated ion i27 iSeptember i1957. 

iThe idam i(both iconcrete iand iearthen) iis i4,860 imeters ilong iand ithe iconcrete idam iis i43.89 imeters ihigh 

iabove ithe iriver ibed ilevel. iThe ireservoir ihas ia ilive istorage icapacity iof i441.64 iMm³ iand ia igross 

istorage icapacity iof i1,093.54 iMm³. iThe iproject iwas iconstructed ibetween i1951 iand1957. iThe ispillway 

ihas ibeen idesigned ito ipass ia imaximum idischarge i13,592 im3/s. iAs iper icriteria ispecified iin iBIS 

i11223-1985, ithe idam iqualifies ifor ia ilarge idam iand ishould itherefore ibe idesigned ito isafely ipass 

iProbable iMaximum iFlood i(PMF).The iunique ifeature iof iMaithon iis ithat ithe ihydel ipower istation iis 

ilocated iunderground iin ithe ileft ibank iof ithe iriver i(on ithe iWest iBengal iside) iand iis ithe ifirst iof iits 

ikind iin iIndia. iThe iPower iStation ihas ia itotal igenerating icapacity iof i60 iMW iwith ithree iunits iof i20 

iMW ieach. iAbout i13 ikilometres idownstream ifrom iMaithon i, ithe iBarakar ijoins ithe iDamodar iat 

iDishergarh. iMaithon iDam iis i48 ikilometres i ifrom iDhanbad iand iaround i25 ikilometres ifrom iAsansol. 
 i 

 

 

 

 

. 

 

 

 

  

Map i3.1 i: iLocation iof iMaithon iDam i 

https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Dishergarh
https://en.wikipedia.org/wiki/Maithon_Dam
https://en.wikipedia.org/wiki/Dhanbad
https://en.wikipedia.org/wiki/Asansol
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Photograph i3.1: iTail irace ichannel iof iMaithon iHydel iPower iStation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph i3.2: iDischarge iout ilet iof ithe iMaithon iHydel iPower iStation 

Fig i3.1:Maithon iDam 
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3.1 iNATURAL iPROFILE iOF iTHE iSTUDY iAREA 

 

3.1.1 iClimatology 

 

Moderate iwinters iand ihot iand ihumid isummers icharacterize ithe iclimate iof ithe iarea. iThe imeanannual 

irainfalls iin idifferent icatchments iof ithe iDamodar ivalley iare iBarakar i126cm, iDamodar127.2cm iand 

ilower ivalley i132.9cm. iThe i82% iof ithe imean iannual irainfall ioccurs iduring ithe ifour imonsoon imonths 

ifrom iJune ito iSeptember. iThe imean idaily itemperature ivaries ifrom i40
0
C iin isummer ito ibelow i20 i

0
C iin 

iwinters. iThe irainfall iin ithis iarea iduring ithe imonsoon iseason iis imainly idue ito ithe ipassage iof 

idepressions iand ilows iover iand inear ithe iarea. 

 

3.1.2 iPedology 

 

The ireservoir iis ilocated ion ithe iChhotanagpur iGneissic iTerrain. iGneiss iand iamphibolite iare ithe imajor 

irocks iin ithe icatchment iarea. iThese irocks iare ihighly ijointed. iBasic iintrusive iand itheir imetamorphic 

iequivalents iare ialso icommon. iGondwana irocks icomprising isandstone iand ishale iare iencountered ione 

ikm isouth iof ithe idam i.The icountry irock iis isporadically iexposed iin ithe icatchment iarea iand iis iusually 

icovered iby iloamy isoil iand ithe isoil iis isubject ito iconsiderable iwater ierosion ileading ito imoderate iloss 

iof itop isoil. iThe iclimate iof ithe iarea iis ihot isub ihumid. iThe itripartite iwater iresources iaround ithe 

iMaithon ireservoir icomprise iportion iof ithe iBarakar iRiver, ithe ireservoir iwater iand ithe isubsurface 

iwater. 

 

 
 

Photograph i3.3: iForests iand iRocky iterrain iof ithe istudy iarea 
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Photograph i3.4: iRocky iterrain iof ithe istudy iarea 

 

 

3.1.3 iLand iuse ipattern 

Land ipattern imainly iconsists iof ihilly iareas, iforests ietc. iThe imajor ichanges iof ithe iland iuse iland icover 

iof ithe iriver ibasin iinclude iincrease iin ithe ibuild-up iarea iand iagricultural iland iand ireduction iof ithe 

ivegetation icover. iThe ihydrological iimpact iof isuch ichanges iin iland iuse iland icover iis imanifested iin ithe 

iincrease iof iminimum idischarge iand ithe ifluctuation iof ithe iwet iseason idischarge iare ithe iresult iof ithe 

iland iuse ichanges iover ithe istudied iperiod ifrom i1992 ito i2011. iThe ireduction iof ivegetation icover 

iincreases ithe isurface iflow iduring ithe irainy iseason ithat ileads ito ifluctuation iin ithe iwet iseason 

idischarge. iThe ireduction iof ithe ivegetation icover iand iincrease iof ibarren ilands ileads ito ithe isoil ierosion 

iin ithe icatchment iarea iand ireservoir isedimentation istarted iincreasing ifrom ithe ilast idecade iof ithe ilate 

i20th icentury. iThe iland iuse ichanges ialso imodify ithe iriver imorphology, isuch ias ichanges iin iplanform, 

isinuosity iratio iand ibraid-channel iratio. iThe irelated ichanges iin ibed iform iinclude iwidth, ilength iand 

iarea iof ithe imid-channel ibars, ipoint ibars ietc. iThe irainfall, itectonic iactivity iand ihuman iactivities iplay ia 

irole iin ithe imodification iof isediment isupply iand ithus iaffect ithe iaggradation iand idegradation iprocesses 

iof ithe iriver. iThe icurrent ipace iof ichanges ican ilead ito ifurther imodification iin ifuture iwhich ican ibe ia 

icause ifor iconcern iregarding ithe ifluvial ihealth iof iBarakar iriver isystem. 
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Photograph i3.5: iForest iand ihilly iterrain iof ithe istudy iarea 

 

 

Photograph i3.6: iHilly iand irocky iareas 
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3.1.4 Drainage ipattern i 

 

The imain itributaries iof iBarakar iRiver iapparently ifollow imajor ilineaments. iSatellite iimagery iof ithe 

iarea ireveals i3 isets iof imajor ilineaments, itrending iN-S i278 iS. iStudy iarea ishowing ithe iMaithon 

ireservoir, ilitho-boundaries iand ilineament itrends i(bold ilines). iTI-T4 iis itributaries ishowing idistinct 

icourse ichanges i(continuous iline ifor ithe ipresent iand ibroken iline ifor ithe ipast iflows.) iChanges iin ithe 

iStream iCourses iaround iMaithon iReservoir iFig. i3.2. iThe istreams iflow iover ia inearly iflat itopography 

ibut idisplays inumerous ihigh iangle ibends icontrolled iby ithe ilineaments. iLocated iat iDhanbad imay ithrow 

ifurther ilight ion ithe itectonic iregime iof ithe iarea. iThe isatellite iimagery ishows iabrupt ibeginning iand 

idisappearance iof iseveral ifirst ito ithird iorder istreams. iOne isuch istream iT i(Fig. i3.2) iflows iperennially 

inorth iof ithe iKalyaneswari itemple ialong ithe iNE-SW ilineament itrend. iIn icourse iof ifield ichecking, ian 

iattempt iwas imade ito iidentify iits isource. iAfter itracing iabout i2 ikm iupstream, iit iwas iobserved ithat 

iconsiderable ileakage ifrom ithe ireservoir icontributed ito ithe iflow iin iTI. iSubsequent iexamination iof ithe 

itop isheet iof ithe iarea, isurveyed iduring i1923-'27 i(pre-dam iperiod) iindicates ithat iTI iwas iin iexistence 

iahead iof ithe idam iconstruction. iThe iperennial isource iof iTj iis, itherefore, iindependent iof ithe ireservoir 

ileakage. iStreams ilike iT~ iwith iperennial ito iquasi iperennial iflow iabound iin ithis iarea. iLineament 

icontrolled idrainage ipattern iand iabsence iof iany ivisible isource iof iperennial iflow istrongly isuggest 

iexistence iof ia icomplex inetwork iof isurface iand isubsurface iwater iflows. iField ichecks irevealed 

iubiquitous ioccurrence iof igaping ijoint iplanes ithat iappears ito iform ian iinterlaced inetwork iof ihigh 

itransmissivity iin ithis iarea iallowing iconfinement iand isubstantial idownward imovement iof iinfluent 

iwater ifrom ithe iBarakar iRiver. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig3.2 i: iArea ishowing i iMaithon ireservoir, ilitho iboundaries iand ilineaments i(bold ilines) 
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3.1.5 iGeomorphology 

The iBarakar iRiver iis ithe imain itributary iof ithe iDamodar iRiver iin ieastern iIndia. iOriginating inear 

iPadma iin iHazaribagh idistrict iof iJharkhand iit iflows ifor i225 ikm iacross ithe inorthern ipart iof ithe 

iChotanagpur iPlateau, imostly iin ia iwest ito ieast idirection, ibefore ijoining ithe iDamodar inear iDishergarh 

iin ithe iBardhhaman idistrict iof iWest iBengal i.It ihas ia icatchment iarea iof i6,987 ikm
2
 iand ithe imain 

itributaries iBarsoti iand iUsri ijoin ithe iBarakar ifrom ithe isouth iand inorth irespectively. iThe istudied 

isection iconsists iof ithe iHazaribagh iplateau, ithe idissected iuplands iof iplateau ifringe iand ithe 

iaggradation iplain iof iJharkhand iand iWest iBengal i.In ithe iupstream iregion, ithe iBarakar iRiver iflows 

iover irugged itopography iin ithe igneissic iareas iwith iprominent inarrow iincised ivalley. iIn ithe iupstream 

ireach iof ithe iMaithon iand iTilaiya iDam, iaggradation iprocess ipredominates, iwith irelatively iwide 

ivalley. iIn ithe idownstream ireach ithe iwater iflow iis iregulated iby ithe idam, iwhere ithe iriver iflows iover 

idegraded ibedrock isurfaces. iAt ithe iconfluence ipoint, iwhere isandstones iare iexposed ias ibed irock 

iseveral ipotholes ihave iformed iwith imaximum idiameter iof i2 imeters, iindicating ihigh ienergy icondition 

iat ithis ipoint. iIn ithe iplateau ifringe iand iadjoining iplain iarea isoil ierosion iis iprominent iwith irates iabove 

i3.5 it iha/yr. iLand iuse ichange ifrom iforested ito iagricultural iland iis ialso iprominent. iThe imain itypes iof 

isoil ithat iare ipresent iin ithe iarea iare ialfisol iand iinceptisol. iThe ielevation iof ithis iarea ivaries ifrom i150 

ito i400 im iand ithe iaverage iannual irainfall iof ithe iregion iranges ifrom i1300–1400 imm/yr. iThis iregion iis 

irich iin iminerals iand imining iactivities iare ipredominant iin ithe iregion. iIn ithe iriver, isand imining ioccurs 

iin ithe idownstream iareas, iespecially iin ithe idownstream iarea iof iMaithon idam. 

 

3.1.6 iDVC iwater imanagement iplan 

 

Damodar iValley iWater iResources iProjects iare ithe ifirst imultipurpose iproject iof iits ikind iin ithe ipost 

iindependent iIndia. iThis iproject icame iinto iexistence iwith ithe iprimary iobjective iof iflood icontrol ialong 

iwith ithe ioverall idevelopment iof ithe ivalley iarea ifor isupplying iwater ifor iirrigation, imunicipal iand 

iindustrial ipurposes, ihydel ipower igeneration ietc. iIt iis ithe isecond ibiggest iriver ivalley iproject iin ithe 

iworld iafter ithe iTennessee iValley iProject iof iUSA. 

 

The iprimary iobjectives iof ithe iDVC iare iflood icontrol, iirrigation iand igeneration iand idistribution iof 

ipower. iThe iother iobjectives iare ias ifollows: 

 

(1) iThe isupply iof iadequate iwater ifor iindustrial iand idomestic ipurposes 

(2) iPromotion iand icontrol iof inavigation iin ithe iDamodar iRiver iand iits itributaries iand ichannels 

(3) iPromotion iof iafforestation iand icontrol iof isoil ierosion iin ithe iDeodar ivalley 

(4) iPromotion iof ipublic ihealth 

(5) iPromotion iof irecreation 

(6) iFish ienhancement 

 

The iprimary iobjective iof ithe iDamodar iValley iCorporation i(DVC) iwas ito iutilize ithe iwater iresources 

iof ithe imost iproblematic iriver i‘Damodar’ i– ithe isorrow iof ieastern iIndia i– iby iflood icontrol, iirrigation 

iand inavigation ibenefits iand ipower igeneration. iA iseries iof idams ihave ibeen iconstructed ion ithe iriver 

iDamodar iand iits itributary, ithe iBarakar. iHowever, irepeated idevastating ifloods iin ithe ilower iBengal 

ibasin iduring ithe irecent iyears ihave iled ito ithe iquestion iof iusefulness iof ithese idams. iThere iis ia isteady 

igrowth iof ipopulation iin ithe ivicinity iof ithe ireservoir isince iits iconstruction. iThe ihuman iactivities 

igreatly ireduce ithe ivegetation icover iand ithe itop isoil iconsequently... iApparently, ithe isituation iis ian 

iinevitable ioutcome iof ipopulation iexplosion, iand ia idetailed iexamination iof iland iuse iindicates ithat ithe 

ireservoir iis iunder iserious ithreat iof ipollution iand iincreased isedimentation. iThe iBarakar iis ithe imajor 
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itributary iof ithe iDamodar. iThe iDVC iconstructed ithe iMaithon ireservoir ion iBarakar iduring ithe ipost-

independence iperiod. iThe iMaithon ireservoir iand iits iadjoining iareas i(lat. i23°46′–23°56′N, ilong. 

i86°45′–86°54′E) iwere iselected ifor ithe ipresent istudy. iThe iarea iis isituated iat ithe iborder iof iWest 

iBengal iand iJharkhand. iThe ichanges iin iland iuse iand iland icover iin ithe iriver ibasin idrives ilong-term 

imodifications iin ithe iriver ihydrology, isedimentology iand imorphology. iThe iBarakar iRiver iis ithe 

iprincipal itributary iof ithe iDamodar. 

 

DVC ihas ia inetwork iof ifive idams i- iTilaiya iand iMaithon ion iriver iBarakar, iPanchet ion iriver iDamodar 

iand iKonar ion iriver iKonar. iBesides, iDurgapur ibarrage iand icanal inetwork, ihanded iover ito 

iGovernment iof iWest iBengal iin i1964, iremained ia ipart iof ithe itotal isystem iof iwater imanagement. iFour 

i imultipurposedams iwere iconstructed iduring ithe iperiod i1948 ito i1959.These iare iMaithon iDam, 

iPanchet iDam, iTilaiya iDam iKonar iDam iand iTenughat iDam. 

A ibarrage ion iriver iDamodar iwas iconstructed iin i1955 iat iDurgapur ifor isupply iof iirrigation iwater ito ithe 

idistricts iof iBurdwan, iBankura i& iHoogly. iIt ihas ian iirrigation ipotential iof i3.64 ilakh iha.3, i42,000 iha 

iunder iKharif icrop. i22,267 iha iunder iRabi icrop.30,000 iha iof iland iin ithe iupper ivalley iis ibeing iirrigated, 

ievery iyear iby ilift iirrigation iwith ithe iwater iavailable ifrom iabout i8400 icheck idams iconstructed iby 

iDVC. 

3.2 iCONTOUR iMAP iOF iTHE iSTUDY iAREA 

 

Steep islope iare ivisible ialong ithe iright ibank iof ithe icatchment iarea iwhich iis ihighly isusceptible ito ibank 

ierosion iand ia imanagement istructure iis ihighly irecommended. iGentle islope iis ivisible ialong ithe ileft 

ibank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i3.3: iContour imap iof istudy iarea 
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3.3 iELEVATION iAND iTOPOGRAPHY iOF iTHE iSTUDY iAREA: 

 

 

The ielevation iof ithe iregion ivaries ibetween i113 imeters ito i86 imeters. iThe igeneral islope iis ifrom iwest 

ito ieast. iThe iflow idirection iis ialso ifrom iwest ito ieast. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i3.4 i:Digital iElevation iModel iof ithe istudy iarea 
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Fig i3.5 i: i3D iView iof ithe istudy iarea 

3.4 iSURFACE iWATER iSCENARIO 

The iwater ilevel ihas ibeen iacquired ifrom idifferent ilocation iin ithe istudy iarea iand ihas ibeen iinterpolated. 

iThe iwater ilevel iis ihigher inear ithe isource iof ithe itrail ichannel. iThe iwater ilevel ivaried ifrom i94.33 

imeters ito i96.585 imeters 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i3.6: iWater ilevel imap iof ithe istudy iarea
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4. iCHAPTER i: iMETHODOLOGY i 

 

The iworking iprocedure iis idivided iinto iLiterature iReview, iData icollection, iData iAnalysis iOutput iand 

iResult iAnalysis iand iConclusion i& iRecommendation iPictorial iview istated iin iFig i4.1 iis idescribing iall 

ipoints iraised ito iunderstand ithe ientire iprocess. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i4.1 i:Flow ichart iof iMethodology 

 

 

Conclusion i& iRecommendation 

 

Data icollection 

Literature iReview 

Data iAnalysis 

Output iand iResult iAnalysis 

 

Publication 

iReports iBooks 

Field iSurvey 

Application iof 

iHECRAS 
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In ithis ichapter i,methodologies iby iwhich ithe ivarious iobjectives iof ithe istudy iis iobtained iis 

imentioned iand idiscussed i.The iprocess iof ihydrologic imodelling iis ishown iwith ithe ihelp iof 

iflowchart ias ishown iin iFig i4.2.The idetail idescription iof imethodolgy iis idiscussed ibelow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i4.2 i:Flow ichart iof iHydrological imodelling 

 

 

Obtained iData iand 
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isection,elevation 
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4.1 iCOLLECTION iOF iSATELLITE iIMAGES iAND iDATA iFROM iGOOGLE iEARTH. 

Firstly ithe istudy iarea iis iidentified iby iGoogle iEarth.The ipath iis iidentified iThe i iBarakar iriver i iprofile iis 

idrawn i.The icross isection ihas ibeen idrawn iwith ithe ihelp iof iline itool iin iGoogle iEarth.The icross isection iis 

inumbered iaccordingly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 iDATA iCOLLECTION iFROMDAMODAR iVALLEY iCORPORATION 

The idata iand irecords isuch ias icross isection i, ireduce ilevel iof ibed i,properties iof isoil,study imap iinformation 

iregarding ithe igabion istructure i, ibed iside islope ietc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i4.3 i: iGoogle iEarth iimage iof ithe iMaithon iDam itail irace 

iregion 

Fig i4.4 i:Proposed iPlan iof i iDownstream iregion i iof iMaithon iTail iRace ichannel 
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4.3 iDELINEATION iOF iSTUDY iAREA iBY iArcGIS 

The ibed ilevel imap ihas ibeen iprepared iusing ithe iGIS isoftware iin ithe isame iway ithe iDEM ihas ibeen 

iprepared i(Fig i4.5). iThe ibed ilevel ihas ibeen iacquired ifrom idifferent ilocation iin ithe istudy iarea iand ihas 

ibeen iinterpolated. iThe ibed ilevel iis ihigher inear ithe isource iof ithe itrail ichannel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i4.5 i:Delineation iof istudy iarea iby iArcGIS 

 

Fig i4.6:Base imap iof ithe istudy iarea 
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4.4 iHECRAS iMODELLING 

 

Hydraulic iAnalysis iof ifloods ican ibe icarried iout iusing iHECRAS i(developed iby iU.S. iArmy iCorps iof 

iEngineers) iversion i.Initially i,HECRAS icould ionly iused ifor isteady i,gradually iflow imodelling. iThe 

isteady iflow imodel iis icapable iof imodelling isubcritical, isuper icritical iand imixed iflow iregime iwater 

isurface iprofiles. iA ipeak idischarge iis iapplied iin iall ithe iobtained icross isection ito ifind ithe imaximum 

iwater ielevation i iof ithe icross isection. iIt iis ialso iused ito ifind ithe ivelocity iof ithe icross isection iso ias ito 

icheck ithe ivelocity iis iwithin ithe ipermissible ilimit. 

Final istep iis iin icorporating iall ithe idata iand iinputs iin iHECRAS iand idevelop ia imodel iof iriver isystem. 

 

HECRAS iutilises ithe iStandard iStep iMethod ihaving ithe ifollowing iutility i, 

 

1. iIterative icomputations iof iwater isurface ielevation ibetween itwo iknown icross isections. 

2. iSteady iflow. 

3. iDoes inot irequire iuniform icross isection. 

4. iRequires iknown ichannel icross isections ialong ithe ireach. 

5. iComputations iof ienergy iequation isection iby isection. 

6. iControl isection i. 

a) iSuper icritical iflow i: ievaluate ifrom iupstream ito idownstream. 

b) iSub icritical iflow i: ievaluate ifrom i idownstream ito iupstream. 

 

The icross isection iview i, ithe iwater isurface iprofile i,the irating icurve i,X-Y-Z iperspective iplot iand 

ivelocity ivs. ichainage itable iis iobtained ias ithe iresult iafter isteady iflow ianalysis iin iHECRAS isoftware. 
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5. iTHEORETICAL iCONCEPT iOF iHYDROLOGICAL iMODELLING 

 

5.1 iGRADUALLY iVARIED iFLOW i 

 

The iflow iin ian iopen-channel iis itermed ias igradually ivaried iflow i(GVF) iwhen ithe idepth iof iflow ivaries 

igradually iwith ilongitudinal idistance. iSuch iflows iare iencountered iboth ion iupstream iand idownstream 

isides iof icontrol isections. iAnalysis iand icomputation iof igradually ivaried iflow iprofiles iin iopen-channels 

iare iimportant ifrom ithe ipoint iof iview iof isafe iand ioptimal idesign iand ioperation iof iany ihydraulic 

istructure. 

 

 iBasic iAssumptions iin iGVF iAnalysis i: 

1.The igradually ivaried iflow ito ibe idiscussed ihere iconsiders ionly isteady iflows. iThis iimplies ithat iflow i i 

i i i i i icharacteristics ido inot ichange iwith itime iand i ipressure idistribution iis ihydrostatic iover ithe ichannel 

isection. 

 i2. iThe ihead iloss iin ia ireach imay ibe icomputed iusing ian iequation iapplicable ito iuniform iflow ihaving 

ithe isame ivelocity iand ihydraulic imean iradius iof ithe isection. iThis iimplies ithat ithe islope iof ienergy 

igrade iline imay ibe ievaluated iusing ia iuniform iflow iformula isuch ias iManning iequation iand iChezy 

iequation, iwith ithe icorresponding iroughness icoefficient iapplicable iprimarily ifor iuniform iflow. i 

3. iChannel ibottom islope iis ismall. iThis iimplies ithat ithe idepth iof iflow imeasured ivertically iis isame ias 

idepth iof iflow imeasured iperpendicular ito ichannel ibottom. 

 i4. iThere iis ino iair ientrainment. i 

5. iThe ivelocity idistribution iin ithe ichannel isection iis iinvariant. iThis iimplies ithat ithe ienergy icorrection 

ifactor, iα i, iis ia iconstant iand idoes inot ivary iwith idistance. 

 i6. iThe iresistance icoefficient iis inot ia ifunction iof iflow icharacteristics ior idepth iof iflow. iIt idoes inot 

ivary iwith idistance. 

 i7. iChannel iis iprismatic. 

. 

5.2 iCOMPUTATION iOF iGRADUALLY iVARIED iFLOW 

 

The icomputation iof igradually-varied iflow iprofiles iinvolves ibasically ithe isolution iof idynamic iequation 

iof igradually ivaried iflow. iThe imain iobjective iof icomputation iis ito idetermine ithe ishape iof iflow 

iprofile. 

Broadly iclassified, ithere iare ithree imethods iof icomputation; inamely: 

1.The igraphical-integration imethod, 

2.The idirect-integration imethod, 

3.Step imethod 

 

5.2.1 iThe iStandard-Step iMethod i 
 

In ithis imethod, ithe idepth iis icalculated ifrom idistance. iThis imethod iis iapplicable ito iboth inon iprismatic 

iand iprismatic ichannels. iIt iis ia itrial iand ierror iprocess. 

 

Y2 iis iassumed iand iH2 iis icomputed iusing ithe iformula iH2= iZ2+Y2+V
2
/2g 

 

 

 

is icomputed i.Where 
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H2 i= iH`2 iis icompared iand iIf iH2 i= iH`2 i ithen iassumed iy2 iis iok. iElse ianother ivalue iof i iy2 iis iassumed. 

 

 

The iinitial iestimate ican ibe iimproved iby ithe iamount iof i 

 

 

Where iHe=H-H` 

 

For inatural irivers, iinstead iof idepth iy, iit iis ipreferable ito iuse ithe iheight ih iof ithe iwater ilevel iabove 

isome ifixed idatum. iThis iheight, ih=z+y, iis iknown ias ithe iSTAGE. iHence itotal ihead iat ia isection ican ibe 

iwritten ias: i 

 

 

 

 

5.2.2 iStep iMethod-Divided iChannels 
 

•Let ius iconsider ia ichannel icross isection iwhich iis idivided iinto idistinct iregions ihaving idistinct iflow 

icharacteristics. i 

•The imost icommon iexample iof ithis isituation iis ithe ione ishown iin iFig i6.1 ibelow, ithe icase iof ioverbank 

iflow, iwhen ithe iflow iover ithe iberms ihas ia idifferent idepths iand ithe isurface ipossible ia idifferent 

iroughness, ifrom ithose iexisting iin ithe imain ichannel. i 

 

 
 

Fig i5.1 i:Example iof ioverbank iflow iand ithe iuse iof i ia icoefficient ito idefine ia imean ivelocity ihead 

 

 

•If ithe ichannel iis istraight ithe iwater-surface ilevel iwill iremain isubstantially iconstant iover ithe iwhole 

isection iof iflow, isince ithe ihydrostatic ipressure imust iremain iconstant ialong iany ihorizontal iline idrawn 

iacross ithe isection. i 

•However, ithe idistinct iregions iof iflow ishown iin iFigure iwill ialmost icertainly ihave idifferent ivelocities 

iand ivelocity iheads; ithe iproblem ithen iis ito idefine ia itotal ihead iH iapplicable ito ithe ientire icross isection. 
i 
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•The isolution iis ito iuse ithe ienergy icoefficient, iα; ithe itotal ihead iline ithen iextends iacross ithe iwhole 

iwater isurface, ia idistance iof iabove iit, ias ishown iin iFig.5.1. iThis itotal ihead iline, iand iany ihead ilosses 

ideduced ifrom iit, iare iassumed ito ibe iapplicable ito ithe isection ias ia iwhole, iand ialso ito ieach iof ithe 

iindividual isubsections. 

•The ialgebra irequired iis iconveniently ihandled iby ithe iuse iof ithe iconveyance iK. iThe ienergy icoefficient 

i, iα, iis idefined iby ithe iequation 

 
•Where isubscripts i1, i2, i3,… iindicate ithe idistinct isubsections iof ithe iflow 

Now isince iwe iare iassuming ithat ithe isame ivalue iof ifriction islope iSf iapplies ito ieach isubsection, iit 

ifollows ifrom ithe idefinition iof ithe iconveyance iK i, ithat i 

 
And itherefore ithat i 

 

Since ieach ielement iof iEq. i(2) iis iequal ito i(Sf)1/2 i, iit ifollows ithat 

 

 

 

 

 

Where iQ iis ithe itotal iflow. 

 

Thus iα iand iSf, ithe itwo ifactors iwhich iare iof icritical iimportance iin ithe itabulation, ican ibe icalculated 

iwithout iexplicitly ievaluating ithe idischarges ietc. iThe ivalues iof iK iwhich iare ito ibe iinserted iin 

iEquations iare iobtained ifrom ithe iManning iequation ias i 

 

K i= i(1/𝑛) i𝑅h
2/3

A 

 

This iinformation iis iused ifor icarrying iout ihit iand itrial imethod iof istandard istep imethod idescribe iis 

iprevious isection. 

 

 

5.2.3 iConveyance iCalculation: i 

From iManning iEquation 

 

Q i= i(1/𝑛) i𝑅h
2/3

A𝑆F
1/2

 

K i= i(1/𝑛) i𝑅h
2/3

A 

Q i=𝐾𝑆F
1/2
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 iQ i= iflow 

 in i= iManning’s icoefficient 

A i= icross isectional iarea i 

Rh i= ihydraulic iradius i 

Sf i= ifriction islope i 

K i= iconveyance 

 

Fig i5.2 i: iCross isection idivided iinto isub isections 

 

 

 

 

5.3 i iSTEADY iFLOW iWATER iSURFACE iPROFILES 

 

HEC-RAS iis icurrently icapable iof iperforming ione-dimensional iwater isurface iprofile icalculations ifor 

isteady igradually ivaried iflow iin inatural ior iconstructed ichannels. iSubcritical, isupercritical, iand imixed 

iflow iregime iwater isurface iprofiles ican ibe icalculated. iTopics idiscussed iin ithis isection iinclude: 

iequations ifor ibasic iprofile icalculations; icross isection isubdivision ifor iconveyance icalculations; 

icomposite iManning's in ifor ithe imain ichannel; ivelocity iweighting icoefficient ialpha; ifriction iloss 

ievaluation; icontraction iand iexpansion ilosses; icomputational iprocedure; icritical idepth idetermination; 

iapplications iof ithe imomentum iequation; iand ilimitations iof ithe isteady iflow imodel. iFig i5.3 idepicts ithe 

iterms iof ithe ienergy iequation irepresentation 

 

5.3.1 iEquations ifor iBasic iProfile iCalculations 

Water isurface iprofiles iare icomputed ifrom ione icross isection ito ithe inext iby isolving ithe iEnergy 

iequation iwith ian iiterative iprocedure icalled ithe istandard istep imethod. iThe iEnergy iequation iis iwritten 

ias ifollows: 
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Z1 i, iZ2 i i i= iElevation iof ithe imain ichannel iinverts 
Y1 i, iY2 i i i= iDepth iof iwater ist icross isections 

V1 i, iV2 i i i i= iAverage ivelocities i 

a1 i, ia2 i i i i i i= iVelocity iweighing icoefficients 

g i i i i i i i i i i i= iGravitational iacceleration 

he i i i i i i i i i i i i i i i= iEnergy ihead iloss 

 

 
Fig i5.3: iRepresentation iof iterms iin ienergy iequation 

5.3.2 iEnergy iLoss, ihe 

 

Energy iloss imainly idivided iinto ifriction ilosses iand iother ilosses i. 

 

Friction ilosses 

The itransverse idistribution iof iflow iof ithe iriver iis idivided iinto istrips ihaving isimilar ihydraulic 

iproperties iin ithe idirection iof iflow. iEach icross isection i iis isub idivided iinto iportions ithat iare ireferred ito 

ias isubsections ias ishown iin iFig i5.2. iFriction iloss iis icalculated ias ishown ibelow: 

 

The ienergy iloss iterm ihe iin iabove iequation iis icomposed iof ifriction iloss ihf iand iform iloss iho. iOnly 

icontraction iand iexpansion ilosses iare iconsidered iin ithe igeometric iform iloss iterm. iTo iapproximate 

he= ihf+ho  

 

 

 



   
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i Theoretical iConcept iof iHydrological iModelling i│ iChapter i5 

School iof iWater iResources iEngineering i,Jadavpur iUniversity  iPage i| i31 
 

A1,A2 i= idownstream iand iupstream iarea, irespectively iof ithe icross isectional iflow inormal ito ithe iflow 

idirection 

J i i i i i i i i i= itotal inumber iof isubsections 

Lj i i i i i i i i i i= ilength iof ithe ij
th

 istrip ibetween isubsections 

 iN i i i i i i i= iManning’s iroughness icoefficient 

Q i i i i i i i i= i iwater idischarge 

R1,R2 i i i= i idownstream iand iupstream ihydraulic iradius 

Other ilosses 

Energy ilosses idue ifollowing iequation idue ito icontractions iand iexpansions iby iare icomputed iby 

 

Where, iCL i= iloss icoefficient ifor icontraction iand iexpansion. iIf ithe iquantity iwithin ithe iabsolute ivalue 

inotation iis inegative, iflow iis icontracting, i 

CL iis ithe icoefficient ifor icontraction; iif iis ipositive, iflow iis iexpanding iand iCL iis ithe icoefficient iof 

iexpansion. i 

In ithe istandard istep imethod ifor iwater isurface iprofile icomputations, icalculations iproceed ifrom ithe 

idownstream ito iupstream ibased iupon ithe ireach’s idownstream iboundary iconditions iand istarting iwater 

isurface ielevation. 

 

Friction iloss iis icalculated iwith ithe ihelp iof i iManning iEquation i i& iContraction/Expansion iloss iis 

iobtained iwith ithe ihelp iof i iloss icoefficient i 

 

ℎ𝑒=𝐿𝑆f i i+[(α1𝑉12/2g)− i(α2𝑉2
2
/2g)] 

 

L i= ireach ilength 

 

A i= icross isectional iarea 

 

C i= icontraction/expansion icoefficient i 

α i= ivelocity iweighing icoefficient i 

𝑆f i= ifriction islope 

he i= ihead iloss i 

g i= igravitational iacceleration 

V i= iflow ivelocity  
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5.4 iHEC-RAS iHYDRAULICS 

HEC-RAS iis ia ione-dimensional isteady iflow ihydraulic imodel idesigned ito iaid ihydraulic 

iengineers iin ichannel iflow ianalysis iand ifloodplain idetermination. iThe iresults iof ithe imodel 

ican ibe iapplied iin ifloodplain imanagement iand iflood iinsurance istudies. iIf iyou irecall ifrom 

ihydraulics, isteady iflow idescribes iconditions iin iwhich idepth iand ivelocity iat ia igiven ichannel 

ilocation ido inot ichange iwith itime. iGradually ivaried iflow iis icharacterized iby iminor ichanges 

iin iwater idepth iand ivelocity ifrom icross-section ito icross-section. iThe iprimary iprocedure 

iused iby iHEC-RAS ito icompute iwater isurface iprofiles iassumes ia isteady, igradually ivaried 

iflow iscenario, iand iis icalled ithe idirect istep imethod. iThe ibasic icomputational iprocedure iis 

ibased ion ian iiterative isolution iof i ithe ienergy iequation: , i 

 

 

 

which i istates i ithat ithe itotal ienergy iat iany igiven ilocation ialong ithe istream iis ithe isum iof 

ipotential ienergy i(Z i+ iY) iand ikinetic ienergy i(V
2
/2g). iThe ichange iin ienergy ibetween itwo 

icross-sections iis icalled ihead iloss i(hL). iThe ienergy iequation iparameters iare iillustrated iin ithe 

ifollowing iFig i6.4 

 

 

 

 

Given ithe iflow iand iwater isurface ielevation iat ione icross-section, ithe igoal iof ithe idirect istep 

imethod iis ito icompute ithe iwater isurface ielevation iat ithe iadjacent icross-section. iWhether ithe 

Fig i5.4 i: iTotal iEnergy iGrade iLine idiagram 
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icomputations iproceed ifrom iupstream ito idownstream ior ivice iversa, idepend ion ithe iflow 

iregime. iThe idimensionless iFroude inumber i(Fr) iis iused ito icharacterize iflow iregime, iwhere: 

 

 Fr i< i1 idenotes iSubcritical iflow 

 Fr i> i1 idenotes iSupercritical iflow 

 Fr i= i1 idenotes iCritical iflow 

 
For ia isubcritical iflow iscenario, iwhich iis ivery icommon iin inatural iand iman-made ichannels, 

idirect istep icomputations iwould ibegin iat ithe idownstream iend iof ithe ireach, iand iprogress 

iupstream ibetween iadjacent icross-sections. iFor isupercritical iflow, ithe icomputations iwould 

ibegin iat ithe iupstream iend iof ithe ireach iand iproceed idownstream 

 

5.4.1 iStandard iStep iComputations i 

 

 Initial iwater isurface i(WS) ielevation iat i2 iis iassumed i 

 Based ion iassumed iWater iSurface ielevation, idetermine ithe icorresponding itotal 

iconveyance iand ivelocity ihead i 

 With ivalues ifrom istep i2, i𝑆𝑓is icomputed iand isolution ifor ihe iis idone. 

 With ivalues ifrom isteps i2 iand i3, i i1D ienergy iequation iis iused ifor iobtaining inew iWS 

ielevation iat i2 i 

 WS ielevations iof istep i1 iand istep i4is icompared. iThe iprocess iis iiterated iuntil ivalues 

iagree ito iwithin i0.003 im ior ito iuser-defined itolerance. 

 

The iprogram iis iconstrained iby ia imaximum inumber iof iiterations i(default i= i20) i.If imax 

iiterations iis ireach ibefore ibalanced iWS iis iachieved, ithen i icritical idepth iis icalculated. iThen 

icheck iif ierror iof iminimum ierror iWS iis iwithin ipredefined itolerance iIf iwithin ipredefined 

ierror itolerance iand iat ithe icorrect iside iof icritical idepth, ithen iminimum ierror iWS iwill ibe 

iused iand iset ia iwarning imessage iOr ielse icritical idepth iwill ibe iused iand i ia iwarning imessage 

iis iset. iWhile iboth iare inot ivalid isolutions, iminimum ierror iWS iis ibetter ithan icritical idepth i. 

Common isources iof ierror iare iinadequate inumber iof icross isections i(reach ilength itoo ilong) 

i,Bad icross isection idata i,Wrong iboundary icondition ispecified i ii.e. isubcritical i,supercritical 

iand icritical i. 
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6. i iAPPLICATION iOF iHEC iRAS 

 

6.1 iPURPOSE iOF iHECRAS 

The iHydrologic iEngineering iCentre i(HEC) iin iCalifornia ideveloped ithe iRiver iAnalysis 

iSystem i(RAS) ito iaid ihydraulic iengineers iin ichannel iflow ianalysis iand ifloodplain 

idetermination. iIt iincludes inumerous idata ientry icapabilities, ihydraulic ianalysis icomponents, 

idata istorage iand imanagement icapabilities, iand igraphing iand ireporting icapabilities. iThe 

ibasic icomputational iprocedure iof iHEC-RAS ifor isteady iflow iis ibased ion ithe isolution iof ithe 

ione-dimensional ienergy iequation. iEnergy ilosses iare ievaluated iby ifriction iand icontraction i/ 

iexpansion. iThe imomentum iequation imay ibe iused iin isituations iwhere ithe iwater isurface 

iprofile iis irapidly ivaried. iThese isituations iinclude ihydraulic ijumps, ihydraulics iof ibridges, 

iand ievaluating iprofiles iat iriver iconfluences. iFor iunsteady iflow, iHEC-RAS isolves ithe ifull, 

idynamic, i1-D iSaint iVenant iEquation iusing ian iimplicit, ifinite idifference imethod. iThe 

iunsteady iflow iequation isolver iwas iadapted ifrom iDr. iRobert iL. iBarkau’s iUNET ipackage. 

iHEC-RAS iis iequipped ito imodel ia inetwork iof ichannels, ia idendritic isystem ior ia isingle iriver 

ireach. iCertain isimplifications imust ibe imade iin iorder ito imodel isome icomplex iflow 

isituations iusing ithe iHEC-RAS ione-dimensional iapproach. iIt iis icapable iof imodelling 

isubcritical, isupercritical, iand imixed iflow iregime iflow ialong iwith ithe ieffects iof idam, 

ibridges, iculverts, iweirs, iand istructures. iDifferent isteps iof iHEC-RAS imodel isimulation iin 

icurrent istudy idiscussed ibelow. 

6.2 iGENERAL iCAPABILITIES iOF iHEC iRAS 

a) iUser iInterface 

The imain ifocus iin ithe idesign iof ithe iinterface iwas ito imake iit ieasy ito iuse ithe isoftware, 

iwhile istill imaintaining ia ihigh ilevel iof iefficiency ifor ithe iuser. iThe iinterface iprovides ifor ithe 

ifollowing ifunctions: 

 File imanagement 

 Data ientry/editing iand iGIS idata iinterfaces 

 River ianalyses 

 Tabulation iand igraphical idisplays iof iinput iand ioutput idata 

 Inundation imapping iand ianimations iof iwater ipropagation 

 Reporting ifacilities 

 On-line ihelp 

 

b) iData iStorage iand iManagement 

Data istorage iis iaccomplished ithrough ithe iuse iof i"flat" ifiles i(ASCII iand ibinary), ithe iHEC-

DSS i(Data iStorage iSystem), iand iHDF5 i(Hierarchical iData iFormat, iversion i5). iUser iinput 

idata iare istored iin iflat ifiles iunder iseparate icategories iof iproject, iplan, igeometry, isteady 

iflow, iunsteady iflow, iquasi-steady iflow, isediment idata, iand iwater iquality iinformation. 
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iOutput idata iis ipredominantly istored iin iseparate ibinary ifiles i(HEC iand iHDF5). iData ican ibe 

itransferred ibetween iHEC-RAS iand iother iprograms iby iutilizing ithe iHEC-DSS.Data 

imanagement iis iaccomplished ithrough ithe iuser iinterface. iA isingle ifilename iis ientered ifor 

ithe iproject ibeing ideveloped. iOnce ithe iproject ifilename iis ientered, iall iother ifiles iare 

iautomatically icreated iand inamed iby ithe iinterface ias ineeded. iThe iinterface iprovides ifor 

irenaming, imoving, iand ideletion iof ifiles ion ia iproject-by-project ibasis. 

c) iGraphics iand iReporting 

Graphics iinclude iX-Y iplots iof ithe iriver isystem ischematic, icross- isections, iprofiles, irating 

icurves, ihydrographs, iand iinundation imapping. iA ithree-dimensional iplot iof imultiple icross-

sections iis ialso iprovided. iInundation imapping iis iaccomplished iin ithe iHEC-RAS iMapper 

iportion iof ithe isoftware. iInundation imaps ican ialso ibe ianimated, iand icontain imultiple 

ibackground ilayers i(terrain, iaerial iphotography, ietc.…).Tabular ioutput iis iavailable. i iPre-

defined itables ican ibe iselected ior iown icustomized itables ican ibe ideveloped. iAll igraphical 

iand itabular ioutput ican ibe idisplayed ion ithe iscreen, isent idirectly ito ia iprinter i(or iplotter), ior 

ipassed ithrough ithe iWindows iClipboard ito iother isoftware, isuch ias ia iword-processor ior 

ispreadsheet. 

 

6.3 iPROGRAM iCAPABILITIES iOF iHEC-RAS 

1. iSteady iFlow iWater iSurface iProfiles. i 

This icomponent iof ithe imodelling isystem iis iintended ifor icalculating iwater isurface iprofiles 

ifor isteady igradually ivaried iflow. 

2. iUnsteady iFlow iSimulation: 

This icomponent iof ithe iHEC-RAS imodeling isystem iis icapable iof isimulating ione-

dimensional; itwo-dimensional; iand icombined ione/two-dimensional iunsteady iflow ithrough ia 

ifull inetwork iof iopen ichannels, ifloodplains, iand ialluvial ifans. iThe iunsteady iflow icomponent 

ican ibe iused ito iperformed isubcritical, isupercritical, iand imixed iflow iregime i(subcritical, 

isupercritical, ihydraulic ijumps, iand idrawdowns) icalculations iin ithe iunsteady iflow 

icomputations imodule. 

3. iSediment iTransport/Movable iBoundary iComputations: 

This icomponent iof ithe imodeling isystem iis iintended ifor ithe isimulation iof ione-dimensional 

isediment itransport/movable iboundary icalculations iresulting ifrom iscour iand ideposition iover 

imoderate ito ilong itime iperiods 

4. iWater iQuality iAnalysis: 

This icomponent iof ithe imodeling isystem iis iintended ito iallow ithe iuser ito iperform iriverine 

iwater iquality ianalyses. iThe icurrent iversion iof iHEC-RAS ican iperform idetailed itemperature 

ianalysis iand itransport iof ia ilimited inumber iof iwater iquality iconstituents i(Algae, iDissolved 

iOxygen, iCarbonaceous iBiological iOxygen iDemand, iDissolved iOrthophosphate, iDissolved 

iOrganic iPhosphorus, iDissolved iAmmonium iNitrate, iDissolved iNitrite iNitrogen, iDissolved 
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iNitrate iNitrogen, iand iDissolved iOrganic iNitrogen). 

To istart ithe iHECRAS iSoftware iby iDouble iclicking ion ithe iHECRAS iicon iof ithe iwindow 

i.It ican ialso ibe istarted ifrom istart imenu iby iselecting iprogram ithen iHEC iand ithen iHECRAS. 

 

 

 

 

 

 

 

These iare ithe ifollowing ioptions iwhich iwill iappear ito iexecute ithe imodel. 

a) iFile: i i 

This ioption iis iused ifor ifile imanagement. i iOptions iavailable iunder ithe iFile imenu iinclude: 

iNew iProject; iOpen iProject; iSave iProject; iSave iProject iAs; iRename iProject: iDelete iProject; 

iProject iSummary ietc. iIn iaddition, ithe imost irecently iopened iprojects iwill ibe ilisted iat ithe 

ibottom iof ithe iFile imenu, iwhich iallows ithe iuser ito iquickly iopen ia iproject ithat iwas irecently 

iworked ion. 

b) iEdit: i 

This ioption iis iused ifor ientering iand iediting idata. iData iare icategorized iinto isix itypes: 

iGeometric iData; iSteady iFlow iData; iQuasi- iUnsteady iFlow; iUnsteady iFlow iData; iSediment 

iData; iand iWater iQuality iData. 

c)Run: i 

This ioption iis iused ito iperform ithe ihydraulic icalculations. iThe ioptions iunder ithis imenu iitem 

iinclude: iSteady iFlow iAnalysis; iUnsteady iFlow iAnalysis; iSediment iAnalysis; iWater iQuality 

iAnalysis; iHydraulic iDesign iFunctions; iand iRun iMultiple iPlans. 

d)View: 

 iThis ioption icontains ia iset iof itools ithat iprovide ifor igraphical iand itabular idisplays iof ithe 

imodel ioutput. iThe iView imenu iitem icurrently iincludes: iCross iSections; iWater iSurface 

iProfiles; iGeneral iProfile iPlot; iRating iCurves; iX-Y-Z iPerspective iPlots; iStage iand iFlow 

iHydrographs; iHydraulic iProperties iPlots; iDetailed iOutput iTables; iProfile iSummary iTables. 

e)Options: i 

This imenu iitem iallows ithe iuser ito ichange iProgram iSetup ioptions; iset iDefault iParameters; 

iestablish ithe iDefault iUnits iSystem i(U.S. iCustomary ior iMetric); iConvert iProject iUnits i(U.S. 

iCustomary ito iMetric, ior iMetric ito iU.S. iCustomary); 

f)Help: i 

This ioption iallows ithe iuser ito iget ion-line ihelp ifor iHEC-RAS; idisplay ithe iHEC-RAS 

imanuals i(User’s imanual, iHydraulic iReference iManual); iinstall iexample iprojects; iHow ito 

Fig i6.1: iHECRAS i5.0 iIcon ion iwindows 
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icustomize ithe iHelp imenu; igo ito ithe iHEC-RAS iweb ipage; igo ito ian ionline iguide ifor 

iselecting iManning’s in ivalues; iview ithe iterms iand iconditions iof iuse istatement; iand idisplay 

ithe icurrent iversion iinformation iabout iHEC-RAS. 

 

6.4 iSTEPS iIN iDEVELOPING iA iHYDRAULIC iMODEL iWITH iHEC-RAS: 

There iare isix imain isteps iin icreating ia ihydraulic imodel iwith iHEC-RAS 

1. iStarting ia inew iproject 

2. i iDrawing ithe iSchematic iof ithe iRiver iSystem 

3. iEntering iCross isection idata 

4. iEntering iflow idata iand iboundary iconditions 

5. iPerforming ithe ihydraulic icalculations 

6. iViewing iand iprinting iresults 

 

 

6.4.1. iStarting ia iNew iProject 

The ifirst istep iin ideveloping ian iHEC-RAS iapplication iis ito istart ia inew iproject. iThe 

iFilemenu ion ithe imain iwindow iis iclicked iand iNew iProject iis iselected. iThe iNew 

iProjectwindow ishould iappear ifirst, ithe idrive iis iset iand ithe idirectory idesired ito iwork iin. 

iNext ithe iproject ititle iand ifilename iis ientered. iOnce ithe iinformation iis ientered, 

itheOKbuttonis ipressed ito ihave ithe idata iaccepted. 

 

 

Fig i6.2:The iHECRAS iMain iWindow iwith iExample 

6.4.2. iDrawing ithe iSchematic iof ithe iRiver iSystem 

By iClicking ithe iRiver iReach ibutton ion ithe igeometric idata iwindow. iThe imouse ipointer iis 

imoved iover ito ithe idrawing iarea iand ithe ipointer iis iplaced i iat ithe ilocation iin iwhich ithe ifirst 

ireach iis idesired ito i idraw. iThe ileft imouse ibutton iis ipressed ionce ito istart idrawing ithe ireach. 

iBy imoving ithe imouse ipointer iand icontinuing ito ipress ithe ileft imouse ibutton ito iadd 
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iadditional ipoints ito ithe iline isegment. iTo iend ithe idrawing iof ithe ireach, ithe ileft imouse 

ibutton iis idouble iclicked iand ithe ilast ipoint iof ithe ireach iwill ibe iplaced iat ithe icurrent imouse 

ipointer ilocation. iAll ireaches imust ibe idrawn ifrom iupstream ito idownstream i(in ithe ipositive 

iflow idirection), ibecause ithe iprogram iassumes ithis ito ibe itrue. iOnce ithe ireach iis idrawn, ithe 

iinterface iwill iprompt ito ienter ian iidentifier ifor ithe iRiver iname iand ithe iReach iname. iIn ithis 

icase istudy, ithe iriver iname iis igiven ias iBarakar2 iRiver. i 

6.4.3. iEntering iThe iCross iSectional iData 

In ithis istep icross isectional idata iis ientered i.First ithe iriver ireach iis iselected i.Then ithe 

iOptions iMenu iis iclicked iand iAdd inew icross isection iis iselected. iThen ithe iRiver istation 

iidentifier ibox iappear i.Cross isection iis iplotted ifrom iupstream ito idownstream iand iproper 

idescription iis ientered iin ieach icross isection. iThe iapply ibutton iis ipressed iafter ientering iall 

icross isectional idata isuch ias istation ivs ielevation i,Manning`s ivalue, idownstream ireach ilength 

ietc. iThe idata iis isaved iin ihard idisk iby igoing ito igeometric idata iwindow. 

 

 

Fig i6.3 i: iThe iCross iSection iData iEditor iwith iexample 

 

6.4.4. iEntering iFlow iData iAnd iBoundary iConditions 

In ithe inext istep ithe irequired idata iis ientered ito iperform ithe iwater iprofile icalculations. i. iIn ia 

isupercritical iflow ianalysis iis igoing ito ibe iperformed, ithen ionly ithe iupstream iboundary 

iconditions iare irequired. iThe iBoundary iConditions idata ientry iform ican ibe ibrought iup iby 

ipressing ithe iReach iBoundary iConditions ibutton ifrom ithe iSteady iFlow iData ientry iform. 

iThe iboundary iconditions iis iavailable iin ithe iform ifour ioptions i1. iKnown iwater isurface 

ielevations i2.Critical idepth i3. iNormal idepth i4.Rating icurve i.Once iall iof ithe isteady iflow 

idata iand iboundary iconditions iare ientered, ithe idata iis isaved iin ithe ihard idisk. iThis ican ibe 

iaccomplished iby iselecting iSave iFlow iData iAs ifrom ithe iFile ioption ion ithe iSteady iFlow  
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iData imenu ibar. iFlow idata iis isaved iin ia iseparate ifile. iA ititle iis ientered ifor ithe iflow idata, 

ithe ifilename iis iautomatically iassigned. 

Fig i6.4 i:Steady iFlow iData iwindow 

 

6.4.5. iPerforming iThe iHydraulic iCalculations 

Once iall iof ithe igeometric idata iand iflow idata iare ientered. iThe ihydraulic icalculations iare 

iready ito ibe iperform i. iAs istated ipreviously, ithere iare ifive itypes iof icalculations ithat ican ibe 

iperformed iin ithe icurrent iversion iof iHEC-RAS: iSteady iFlow iAnalysis, iUnsteady iFlow 

iAnalysis, iSediment iTransport/Mobile iBoundary iModeling, iWater iQuality iAnalyses, iand 

iHydraulic iDesign iFunctions. i iAny iof ithe iavailable ihydraulic ianalyses ican ibe iselected ifrom 

ithe iRunmenu ibar ioption ion ithe iHEC-RAS imain iwindow. iThe isteady iflow ianalysis iis 

iperformed iin ithe ipresent istudy. iOnce ia iPlan iTitle iand iShort iIdentifier i(Short iID) ihave ibeen 

ientered, ia iFlow iRegime ian ibe iselected ifor iwhich ithe imodel iwill iperform icalculations. 

iSubcritical, iSupercritical, ior iMixed iflow iregime icalculations iare iavailable. iOnce ia iPlan iis i 

iselected iand ithen iset iall iof ithe icalculation ioptions, ithe isteady iflow icalculations ican ibe 

iperformed iby ipressing ithe iCompute ibutton iat ithe ibottom iof ithe iSteady iFlow iAnalysis 

iwindow. iWhen ithis ibutton iis ipressed, ithe iHEC-RAS isystem ipackages iup iall ithe idata ifor 

ithe iselected iplan iand iwrites iit ito ia irun ifile. iThe isystem ithen iruns ithe isteady iflow imodel 

iand ipasses iit ithe iname iof ithe irun ifile. iThis iprocess iis iexecuted iin ia iseparate iwindow. 

 

 

 

 

 

 

 

 

 

Fig i6.5 i i:Steady iFlow iAnalysis iwindow 
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6.4.6.Viewing iGraphical iand iTabular iResults 

Once iall iof ithe icomputations ihas ifinished i,the iresults ican ibe iviewed. iSeveral ioutput 

ifeatures iare iavailable iunder ithe iView ioption ifrom ithe imain iwindow. iThese ioptions iinclude: 

a) iCross isection iplots: 

This ihelp ius ito iview icross isection iat ivarious ilocations ialong ithe iriver ireach. i 

b) iWater isurface iprofile iplot: 

It ishows ithe iwater isurface idepth ifor ieach idischarge iin ithe ilongitudinal idirection. 

c) iGeneral iprofile iplots i: 

 iIt ishows ithe iplot iof ithe ivelocity ivs imain ichannel idownstream idistance ifor ieach idischarge. i 

d) iRating icurve iplots i: 

It iprovide ithe igraphs ibetween iwater isurface ilevel i(stage) ivs idischarge iat ieach icross isection. 
i 

e) iX-Y-Z iperspective iplots: 

It iplots iwater isurface ilevel iw.r.t ibank istations ipoints ifor ia iparticular idischarge. 

f) iHydrograph iplots i: 

It iprovides ithe iplot ibetween idischarge iand itime. 

g) iHydraulic iproperty itables(if iunsteady iflow isimulation iwas iperformed) 

h) iTabular ioutput iat ispecific ilocations(Detailed iOutput iTables) i: 

 iDetailed ioutput itables ishow ihydraulic iinformation iat ia isingle ilocation, ifor ia isingle iprofile. 

f) iTabular ioutput ifor imany ilocations(Profile iSummary iTables): 

Profile isummary itables iare iused ito ishow ia inumber iof ihydraulic ivariables ifor iseveral icross 

isections. 
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Fig i6.6 i: iProfile iOutput iTable iWith iExample 

Fig i6.7 i:Cross isection ioutput itable iwith iExample 
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Fig i6.8 i: iCross iSection iPlot 

 

 

 

 

Fig i6.9 i: iProfile iPlot 
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6.4.7. iPrinting iGraphics iand iTables 

All iof ithe iplots iand itables ican ibe isent idirectly ito ia iprinter/plotter ior ipassed ithrough ithe 

iWindows iclipboard ito ianother iprogram i(e.g., ia iword iprocessor). iThe iprinter ior iplotter ithat 

igets iused iis ibased ion iwhat icurrently ihave ibeen i iselected ias ithe idefault iprinter ifor 

iWindows. iThe idefault iprinter isettings(e.g., iportrait ito ilandscape) ibefore iprinting ioccurs 

imay ibe ichanged. 

a) iSending iGraphics iDirectly ito ithe iPrinter 

b) iSending iGraphics ito ithe iWindows iClipboard 

c) iSending iTables ito ithe iWindows iClipboard 

 

6.4.8. iExiting ithe iProgram 

Before ithe iHEC-RAS isoftware iis iexited i,all ithe idata iis isaved. iThis ican ibe iaccomplished 

ieasily iby iselecting iSave iProject ifrom ithe iFile imenu ion ithe iHEC-RAS imain iwindow. iAny 

idata i(geometric, iflow, iand iplan idata) ithat ihave inot ibeen isaved iwill iautomatically ibe isaved 

i.To iexit ithe iHEC-RAS isoftware, iExit iis iselected ifrom ithe iFile imenu iof ithe iHEC-RAS 

imain iwindow. i 

 

6.5 iADVANTAGES iAND iDISADVANTAGES iOF iHECRAS i 

Advantages 

 

a) iHEC-RAS ihelps iin imodelling iwater iflowing ithrough isystems iof iopen ichannels iand 

icomputing iwater isurface iprofiles. 

 

b) iHEC-RAS ifinds iparticular icommercial iapplication iin ifloodplain imanagement iand iflood 

iinsurance istudies ito ievaluate ifloodway iencroachments. i 

 

c) iSome iof ithe iadditional iuses iare: ibridge iand iculvert idesign iand ianalysis, ilevee istudies, 

iand ichannel imodification istudies. 

 

d) i iIt ican ibe iused ifor idam ibreach ianalysis, ithough iother imodeling imethods iare ipresently 

imore iwidely iaccepted ifor ithis ipurpose. 

 

Disadvantages 

 

a) iUsers imay ifind inumerical iinstability iproblems iduring iunsteady ianalysis. 

 

b) iProblems iof iinstability iespecially iin isteep iand/or ihighly idynamic irivers iand istreams.

https://en.wikipedia.org/wiki/Flood_insurance
https://en.wikipedia.org/wiki/Flood_insurance
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7. iDATA iANALYSIS iAND iRESULTS 

Throughout ithe iBarakar iriver ithe iflow iis igradually ivaried i(steady) iflow. iFrom ithe 

iHECRAS iOutput iof iall ithe icross isections iit ican ibe iinterpreted ithat ithe iwater ilevel i iwill ibe 

iwell ibelow iboth ithe ibanks iof ithe icross isection iunder isteady i(gradually ivaried i)flow iof 

idischarge i200m
3
/s. iFollowing ifigure ipresents icomputed isection iusing iHEC-RAS isoftware 

iand igiven idischarge. 

The ihydrological imodelling ifor ithe ipresent iriver iin istudy iwas iperformed iusing ithe iUSACE 

iHydrologic iEngineering iCentre’s iRiver iAnalysis iSystem i(HEC-RAS) iversion i5.0 ifor 

iperforming ione idimensional isteady iflow ianalysis. iBy igiving ithe iparameters iat itheir 

irespective icross-sectional ilocations iwithout ileaving iany iclass iunattended ithe imodel ithen 

ibecame iready ito irun ito isimulate ithe idesired iresults. iThe imodel iwas irun ifor ione 

idimensional isteady iflow iwater isurface iprofile icomputations ifor iriver iBarakar. iThe ienergy 

iequation, iusing ithe istandard istep imethod, isolved ithe isteady iflow, iwhile iManning’s iequation 

iand icontraction/expansion icoefficients idetermined ihead ilosses ias imentioned iin iprevious 

isections. 

The iflow iin ithe ichannel ias igiven ias i200 im
3
/s, i130 im

3
/s iand i65 im

3
/s ihas ibeen iconsidered 

ifor isteady iflow ianalysis. iWhen ithese ivalues iare igiven ias iinput iat iall ithe i17 icross-sections 

ithe ioutput iobtained iis ias ishown iin ifollowing ifigure. i 

 

 

7.1 iPROFILE iOUTPUT i 

 

The ioutput iof ithe iHECRAS isoftware ifor idischarge iof i200 im
3
/s i, i130 im

3
/s iand i65 im

3
/s iis 

ishown iin itabular iform iin iTable i7.5 i, iTable i7.6 iand iTable i7.7. 

 

 

Table7.1 i:Profile ioutput i itable ifor i200 im
3
/s idischarge 
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Table7.2 i:Profile ioutput i itable ifor i130 im
3
/s idischarge 

 

 
 

 

 

Table7.3 i:Profile ioutput i itable ifor i65 im
3
/s idischarge 
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7.2 iCROSS iSECTION iOUTPUT i 

 

At icross-section ifrom i0-0` ito i13-13` ifor iflow iof i200 im
3
/s ithe icross-section iis isufficient ito 

icarry iflow. iThe ifigure iof ithe icross isections ifor imaximum igiven idischarge iof i200m
3
/s iis 

ishown ibelow 

The icross isection ioutput iis icalculated ifor imaximum idischarge ionly iso ias ito iobtain ithe 

imaximum iwater ilevel ipossible iin ithe igiven icross isections iof ithe iriver. iFrom ithe ioutput iit iis 

iclear ithat ithe iwater ilevel iis iwell ibelow ithe ibank ilevels. iSo ino ipossibility iof iflood iin ithe 

igiven istudy iregion ieven ifor imaximum idischarge iallowed. iThe icross isection ioutput iis 

ishown iin iFig i7.1, iFig i7.2, iFig i7.3,Fig i7.4 iand iFig i7.5. 

 

 

Fig i7.1 i: iWater ielevation ifrom icross isection i0-0` ito i1.5`-1.5`for i200 im
3
/s idischarge 
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Fig i7.2 i: iWater ielevation ifrom icross isection i2-2` ito i4`-4` ifor i200 im
3
/s idischarge 

 

Fig i7.3 i: iWater ielevation ifrom icross isection i5-5` ito i8-8` ifor i200 im
3
/s idischarge 
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Fig7.4 i(e) i: iWater ielevation ifrom icross isection i13-13` i 

 

Fig7.4 i: iWater ielevation ifrom icross isection i9-9` ito i13-13` ifor i200 im
3
/s idischarge 
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By iusing ithis ianalysis, ione ican ieasily ipredict ithe iwater ielevation ifor igiven idischarge iof 

i200m
3
/s iin ithe isurrounding iarea iof istudy ireach iand iaccordingly i imeasure ican ibe itaken iup 

iin ithe iform iof ibank iprotection ilike ilevees, ibunds, iby iraising ithe ilevel iof igabions, istone 

ipitches i, iembankment iand iscour iprotection. iIn ithis ipaper, ithe ipresent istudy iis iused ito 

icheck isufficiency iof iall ithe icross-sections iof iBarakar iriver ifrom itail irace iof iMaithon idam 

ito icarry ispecified imagnitude iof idischarge. 

 

From icross isection i0-0` ito i13-13` ithe iaverage ivelocity iof ithe iriver ihas ibeen ifound ito ibe 

irange ibetween i1.78 iand i9.72 im/s i.for i200m
3
/s idischarge iwhich iis idepicted iin ithe igiven 

ifigure. 

 

 

Table7.4 i:velocity ivs ichannel idistance itable ifor i200 im
3
/s idischarge 

 

The ivelocity icurve ishows ia isudden irise iin ivelocity iin itwo iwall iregion ibecause ithis irise iin 

ivelocity ihelps ithe iwater ito irise iabove ithe iwall isection i.The iupstream ivelocity iis ialso ihigh 

idue ito iless iwidth iin ithe iupstream isections. iIn ithe idownstream iof iwall isection ithe ivelocity 

idecreases ibelow i2 im/s i iwhich iis idue ito iincrease iin iriver iwidth iin ithe idownstream iregion. 

iBut idue ito ithe idownstream iriver ivelocity iis iquite ihigh iabove ithe i1 im/s irange ihence ithere 

iis ia ipossibility iof iscour i.Hence inecessary iprecaution iby iusing ithe ibed imaterial iin ithe iform 

iof iboulder ipitching ito iavoid ithe ierosion iand iscouring iat ibed ilevel. 

From icross isection i0-0` ito i13-13` ithe iaverage ivelocity iof ithe iriver ihas ibeen ifound iranging 

ibetween i1.22 im/s iand i2.67 im/s. ifor i65 im3/s idischarge iwhich iis idepicted iin ithe igiven iTable 

i7.6. iIt iis ialso iobserved ithat ithe ivelocities iat isection i0-0` iare ireceived ia iquiet ihigher ivalue 

iwhich imay idue ito isudden ichange iin ibed ilevel ifor iall ithree idischarges. iModel ioutput ialso 

ishown ithat ithe iaverage istage iranging ibetween i92.82 im iand i105.73 im ifor iconsidering ithe 

ihighest idischarge iof i200 im
3
/s iis iobserved ibased iother iinput iparameters icollected iusing 
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iDEM iGoogle ielevation iof iArc iGIS isoftware iand ithe isame icalculations ihave ibeen imade ifor 

iother itwo idischarges i65 im
3
/s iand i130 im

3
/s ireflected iin iTable i7.5 iand iTable i7.6. 

Table7.5 i:velocity ivs ichannel idistance itable ifor i130 im
3
/s idischarge 

 

 

 

 

 

 

Table7.6 i:velocity ivs ichannel idistance itable ifor i65 im
3
/s idischarge 
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7.3 iXYZ iPERSPECTIVE iPLOT 

 

The iXYZ iPerspective iplot ioutput iof ithe iHECRAS isoftware ifor idischarge iof i200 im
3
/s i, i130 

im
3
/s iand i65 im

3
/s iis ishown iin itabular iform iin iFig i7.5 i, iFig i7.6 iand iFig i7.7. 

 

 

 

Fig i7.6 i i i: iXYZ iPerspective iplot ifor i130 im
3
/s 

Fig7.5 i: iXYZ iPerspective iplot i ifor i65 im
3
/s 
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Table7.7 i: iStage iat iall icross isection ifor ivarious i idischarge iin iTabular iform 

 

DISCHARGE(m
3
/s) 65 130 200 

CROSS iSECTION 

STAGE 

i(m) 

STAGE 

(m) 

STAGE 

i(m) 

13-13` 92.65 92.74 92.82 

12-12` 93.15 93.24 93.32 

11-11` 93.67 93.76 93.85 

10-10` 94.17 94.27 94.36 

9-9` 94.18 94.28 94.37 

8-8` 94.18 94.28 94.37 

7-7` 94.18 94.29 94.38 

6-6` 94.69 94.79 94.89 

5-5` 94.69 94.8 94.9 

4-4` 94.69 94.8 94.9 

3-3` 99.47 99.74 99.98 

2.5-2.5` 98.28 98.51 98.73 

2-2` 100.54 100.86 101.14 

1.5-1.5` 98.32 98.59 98.86 

1-1` 104.82 105.3 105.73 

0.5-0.5` 103.86 104.73 105.34 

0-0` 97.35 97.05 97.23 

 

Fig7.7 i: i iXYZ iPerspective iplot ifor i200 im
3
/s 
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7.4 iRATING iCURVE 

Rating icurve iis ithe iplot ibetween istage iof ithe iwater ilevel ivs idischarge iof iflow iof ithe 

ichannel. 

At icross isection ifrom isection i13-13` ito i0-0` i ifor idischarge ivarying ias i i65m
3
/s i, i130 im

3
/s i 

iand i200 im
3
/s i,the irequired irating icurve ifor iTable i7.7 iwhich i iis iobtained iare ishown iin iFig 

i7.8,Fig i7.9,Fig i7.10 i, iFig i7.11 iand iFig i7.12. i 

 

Fig i7.8 i: iRating icurve ifrom icross isection i0-0` ito i1.5-1.5` 



   
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i     iData iAnalysis iand iResults│ iChapter i7 

 

     

School iof iWater iResources iEngineering i,Jadavpur iUniversity  iPage i| i54 
 

Fig i7.9 i: iRating icurve ifrom icross isection i2-2` ito i4-4` 

Fig i7.10 i: iRating icurve ifrom icross isection i5-5` ito i8-8` 
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Fig i7.11 i: iRating icurve ifrom icross isection i9-9` ito i12-12` 

 

 

 

 

 

 

 

 

 

 

 

 

Fig i7.12 i: iRating icurve ifrom icross isection i i13-13` 
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7.5 iGENERAL iPROFILE iPLOT i 

The ivelocity iof ithe iupstream isections ifor ilow idischarge i65 im
3
/s ishows iless ivelocity iin ithe 

iupstream iof iadverse islope. iThis imay ibe idue ito ithis irange iof idischarge iis iunable ito iproduce 

ihigh ivelocity iwhich iis irequired. i 

The ivelocity iprofiles icurve iof iall ithe i17 icross isections ifor i65 im
3
/s, i130 im

3
/s iand i200m

3
/s 

iare ishown ibelow. iThe iaverage ivelocity iof ithe iriver ihas ibeen ifound ito ibe irange ibetween 

i1.78 iand i9.72 im/s ifor ithe idischarge iof i200 im
3
/s. 

The ivelocity icurve ishows ia isudden irise iin ivelocity iat iimmediate icross isection iof 

idownstream iof ithe itwo iwalls. iThis idue ito iincrease iin ivelocity ihead idue isignificant ichange 

iin ielevation idifference i.Also iin ithe idownstream iend ithere iis ihuge idrop iof ivelocity idue 

iincrease iin iwidth iat ithe idownstream iend i.The ivelocity idecrease ito ivelocity iof i1.78 im/s 

iwhich iis imuch iless ithan ithe iupstream ivelocity iof i9.72 im/s i.The ihuge ivelocity iat ithe 

iupstream iof iadverse islope iis idue ito ithe ihuge ivelocity ihead irequired ito icarry ithe iwater iup 

ithe iadverse islope i.The ilarge ivelocity icauses iscouring i.Hence inecessary iprecaution ihas ito 

ibe itaken iat ithe ihigh ivelocity iareas. iThus ithere iis imild islope idownstream ifrom iintermediate 

iconstant ireduce ilevel iof i94m. iThis isimilar itrend iis iobserved ifor ilesser idischarge iof i130 

iand i65 im
3
/s. iThese isimilar itrends ican ibe iobserved ifrom ithe ifollowing ivelocity ivs imain 

ichannel idistance ifor idischarge iof i130 im
3
/s i iand i65 im

3
/s ishown iin iGraph i7.2 iand iFig i7.3. 

 

Graph i7.1 i: iGeneral iProfile iPlot i ifor iDischarge i65 im
3
/s 
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Graph i7.2 i: iGeneral iProfile iPlot i ifor iDischarge i130 im
3
/s 

 

 

 

Graph i7.3 i: iGeneral iProfile iPlot i ifor iDischarge i200 im
3
/s 
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7.6 iWATER iSURFACE iPROFILE 

The ioutput ifor iwater isurface iprofile iof ithe iHECRAS isoftware ifor idischarge iof i65 im
3
/s i, 

i130 im
3
/s iand i200 im

3
/s iis ishown iin igraphic iform iin iGraph i7.4 i, iGraph i7.5 iand iGraph i7.6. 

iThis ihelps ius ito iobtain ithe iwater ilevel iat ivarious ichainage ipoints ior imain ichannel idistance 

ifrom iupstream ito idownstream. 

 

 

 

 

Graph i7.4 i i: iWater isurface iprofile ifor i65 im
3
/s idischarge 
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Graph i7.5 i: iWater isurface iprofile ifor i130 im
3
/s idischarge 

 

 

Graph i7.6 i: iWater isurface iprofile ifor i200 im
3
/s idischarge
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8. i iCONCLUSION iAND iRECOMMENDATIONS i 

 

 The idownstream icross isection iof ithe istudy iarea ihas iwater ilevel iwell ibelow ithe ibank 

ilevel iby ikeeping ithe ibed ilevel iat i94 im ieven iat ihigh idischarge iof i200 im
3
/s. iThese 

iresults ihave ibeen iobtained iwith ithe ihelp iof iHEC-RAS isoftware. 

 

 As ithe islope iof iriver iincreases idownstream, ithe ivelocity iof iwater idecreases. iThe iwidth 

iof ibank iof istudy ireach ihas iincreased iconsiderably iin idownstream iregion. 

 

 The ibed ilevel ifrom icross isection i6-6` ito i10-10`is itaken ias i94 im iand ifrom i4-4` ito i6-6` 

imarked iin ifigures igiven iin ithe ireport iis itaken ias i94.5 im. 

 

 The ibed ilevel ifrom i0-0` ito i3-3` iis itaken ifrom iDEM isoftware. 

 

 The iresults iare iobtained ifor ithree ispecific idischarge iof i200 im
3
/s,130 im

3
/s iand i65 im

3
/s. 

 

 From ithe irating icurve iat ivarious isection ithe istage ifor ivarious idischarges ican ibe iobtained 

iat ievery icross isections. 

 

 From ithe icross isectional iview ithe iwater ilevel ifor imaximum idischarge iof i200 im
3
/s ican 

ibe iobtained. 

 

 Hence ithe igiven istretch iof iriver iis isafe iand ithe icross isection iis iadequate ito icarry ithe 

idischarge iof i200 im
3
/s. 

 

 The iresults ishows ithat ithe iaverage ivelocity iranging ibetween i1.78 im/s iand i9.72 im/s ihas 

ibeen ifound iat idifferent ilocations. iThe imaximum ivelocity iof i9.72 im/s iis iobserved iat 

icross isection i0-0` i(downstream iof ihydel ipower itunnel) iwhereas ithe iminimum ivelocity 

iof i1.78 im/s iis iobserved iat isection i12-12` iand i13-13` iwhich iis ilittle ibit i ihigher ifor i200 

im
3
/s idischarge. 

 

 There itwo iwalls ifor ienergy idissipation iat itwo idifferent iR.L. i104 im iand i100m iwhere 

ivelocities iare ifound ito ibe i4.88 im/s iand i5.75 im/s iand idepth iof iwater isurface ielevation 

iranged ibetween i0.32 im iand i2.41 im iis ifound iin isections i0.5-0.5` iand i1.5-1.5`. 

 

 Since ithe iaverage ivelocity iof idownstream isection iis ifound ito ibe i1.75 im/s iwhich iis i 

iquite i imore ithan ithe inormal iriver ivelocity iso ibed imaterial iwith iboulder ipitching ineeds 

ito ibe iaddressed iin ithe i idownstream ichannel ito iavoid iscouring iand ierosion iat ibed ilevel. 
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