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INTRODUCTION

ÅWatersupplysystembroadlyinvolvestransmissionof waterfrom thesourcesto theareaof consumptionthrough

free flow channelsor conduitsor pressuremains. Dependingon topographyand local conditions,conveyance

maybein freeflow and/orpressureconduits.

Å Transmissionof wateraccountsfor an appreciablepart of the capitaloutlay andhencecarefulconsiderationof

the economics is called for, before deciding on the best mode of conveyance.

While wateris beingconveyed,itôsnecessaryto ensurethat thereis no possibilityof pollution from surrounding

areas.

FREE FLOW AND PRESSURECONDUITS

OPEN CHANNELS

Å Economicalsectionsfor openchannelsare generallytrapezoidalwhile rectangularsectionsprove economical

whenrock cuttingis involved.

Å Uniform flow occurswherethe dimensionsof the cross-section,the slopeandthe natureof the surfacearethe

samethroughoutthe length of the channeland when the slopeis just equal to that requiredto overcomethe

friction andotherlossesat thevelocityatwhich thewateris flowing.



Å Open channelshave restricteduse in water works practice in view of the lossesdue to percolationand

evaporationas also the possibility of pollution and misuseof water. Also, they needto be taken along the

gradientandthereforetheinitial costandmaintainmaybehigh.

ÅWhile openchannelsandcanalsarenot recommendedto bea conveyanceof treatedwater,theymaybeadopted

for conveyingraw water.

Å Sometimesdiversionchannelsmeantfor carryingfloodwatersfrom othercatchmentsarealsousedto augment

theyield from thereservoirs.

GRAVITY AQUEDUCTS AND TUNNELS

Å Aqueductsandtunnelsaredesignedsuchthat they flow threequarterfull at requiredcapacityof supplyin most

circumstances. For structuralandnon-hydraulicreasons,gravity tunnelsaregenerallyhorseshoeshaped.

Å Gravity flow tunnelsare built to shortenthe route, conservethe headand to reducethe cost of aqueducts,

traversinguneventerrain. They are usually lined to conserveheadand reduceseepagebut they may be left

unlinedwhentheyareconstructedby blastingstablerock

Å Meanvelocities,which will not erodechannelsafterageing,rangefrom 0.30 to .60 mpsfor unlinedcanalsand

to 2 metrespersecondfor linedcanals.



PRESSUREAQUEDUCTS AND TUNNELS

Å They areordinarily circular in section. In the caseof pressuretunnels,the weightoverburdenis relied uponto

resistinternalpressure.

ÅWhenthereis not enoughcounter- balanceto theinternalpressure,steelcylindersor otherreinforcingstructure,

for example,providenecessarytightnessandstrength

PIPELINES

Å Pipelinesnormally follow theprofile of thegroundsurfacequiteclosely. Gravity pipelinehaveto belaid below

thehydraulicgradient.

Å Pipesareof castiron, ductile iron, mild steel,prestressedconcrete,reinforcedcementconcrete,GRP. asbestos

cement,plasticetc.

HYDRAULICS OF CONDUITS

Å The design of supply conduits in dependenton resistanceto flow, available pressureor head, allowable

velocitiesof flow, scour,sedimenttransport,qualityof waterandrelativecost.







COEFFICIENT OF ROUGHNESS

Å In today's economyclimate, it is essentialthat all water utilities ensurethat their resourcesare invested

judiciouslyandhenceis anurgentneedto avoidoverdesigningof thepipelines.

Å Despitetechnologicaladvancements,improvedmethodsof manufacturingof all typesof pipesand adventof

new pipesmaterial,the currentpracticeof adoptingconservativeCoefficientof RoughnessValue(Cvalues)is

resultingin underutilizationof thepipematerial

Å The coefficient of roughnessdependson Reynoldsnumber (henceon velocity and diameter)and relative

roughness(d/k). For Reynoldsnumbergreaterthan107 thefriction factorófô(andhencetheC value)is relatively

independentof diameterandvelocity.

Å However,for normal rangesof Reynoldsnumberof 4000to 106 the friction factorófô(hencethe C value)do

dependonDiameter,Velocity andrelativeroughness

Å PVC GlassReinforcedPlastic(GRP) and otherplastic pipesare inherentlysmoothas comparedto Asbestos

Cement(ACC). Concreteandcementmortar/epoxylinedmetallicpipes.

Å Dependingon quality of workmanshipduringmanufacturedandthemanufacturingprocess,theACC, Concrete

andcementmortar/eporylinedmetallicpipestendto beassmoothasPVC,GRPandotherplasticpipes.



Å The metallic pipes lined with cementmortar or epoxy and Concretepipesbehaveas smoothpipesand have

shownC valuesrangingfrom 140to 145dependingon diametera velocity. Referencemaybemadeto " Manual

of Water Supply Practices",AWWA/M 9 publishedby American Water Works Association(AWWA), second

edition1995.

ÅWith a view to reducecorrosion,increasesmoothness,andprolongthe life of pipe materials,the metallic pipes

are being providedwith durablesmoothinternal linings AC Concreteand cementmortar/epoxylinedmetallic

pipe,PVC,GRPandotherplasticpipemaynot showanysignificantreductionin their carryingcapacitywith age

andthereforethe designroughnesscoefficientvalues(C values)shouldnot be substantiallydifferent from hose

adoptedfor newpipes.

Å However,pipescarryingraw wateraresusceptibleto depositionof silt anddevelopmentorganicgrowthresulting

in reductionof carryingcapacityof suchpipes.

Å In caseof buildup substantialgrowth/ buildup of depositsin suchpipes,they canbe removedby scrapingand

piggingthepipelines.

Å Unlinedmetallicpipesunderseveralfield conditionssucha carryingwaterhavingtendencyfor incrustationand

corrosion,low flow velocity andstagnantwaterandalternatewet anddry conditions(resultingfrom intermittent

operations),undergosubstantialreductiontheir carryingcapacitywith age.

Å Therefore,lower ñCòvalueshave beenrecommendedfor designof unlined metallic pipes. As such,use of

unlinedmetallicpipeshouldbediscouraged.









REDUCTION IN CARRYING CAPACITY OF PIPESWITH AGE

Å Thevaluesof HazenWilliams óCôareat presentarbitrarily reducedby about20 to 30 percentin carryingcapacityof pipewith

age. Studieshaverevealedthat chemicalbacteriologicalquality of waterandvelocity of flow affect the carryingcapacitywith

age.

Å The dataon existingsystemsin somecities havebeenanalyzedalongwith the experimentalinformationgatheredduring the

studyto bring outa rationalapproachto thereductionin capacityof pipeswith age.

Å TheCR valuesobtainedin suchstudieshaveshownthat,exceptin thecaseof CI andsteelpipeswhile carryingcorrosivewater,

the currentpracticeof arbitrary reductionin 'C' valuesasper section6.2.2 resultsin underutilization of pipe materialto the

extentof 38 to 71 percentfor CI pipesfor non-corrosivewater,46 to 93 percentfor RCCpipesand25 to 64 percentfor AC and

HDPEpipes.

DESIGN RECOMMENDATIONS FOR USE OF MODIFIED HAZEN -WILLIAMS FORMULA

i. NewCI, DI, Steel,RCC,AC andHDPEpipesbehavesashydraulicallysmoothandhenceCR of 1 is recommended.

ii. For designperiodof 30 years,no redactionin CR needsto beeffectedfor RCC,AC PVC andHDPEpipesirrespectiveof the

quality of water. However,caremustbetakento ensureself-cleansingvelocity to preventformationof slimesandconsequent

reductionin carryingcapacityof thesepipeswith age.

iii. For designperiodof 30 years,15 percentreductionis requiredfor unlinedCI andDI pipesof non corrosivewater is to be

transported. Thedesignmustalsoensureself cleansingvelocity.

iv. While carryingcorrosivewater,unlinedCI, DI, andsteelpipeswill loose47 and27 percentof thecapacityrespectivelyovera

designperiodof 30 years. Hence,a costtrade-off analysismustbe carriedout betweenchemicalandbio-chemicalcorrection

of waterquality,provisionof a protectivelining to thepipeinteriorsanddesignat reducedCR valuefor ascertainingtheutility

of CI,DI andsteelpipematerialin thetransmissionof corrosivewaters.












