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EXRQoREIS

In the present dissertation, a nwmber of computa-
tions have been mads to facilitate the desiga of linad
chamnels, The section adopted is & trapezoidal one with
romded corners, Discharge range used is from 3,000 to
204000 cusees, |

The study comprises of the following partss-

1. A design chart ®r the section shown in figure
2.8 for the rugosity coefficlent ¥ equal to €.017,
side slopes (S:1) 21X and a bed slope of 1 in
12,000 is presented In figure 2.6 from which for
a glven discharge, the corresponding full supply
dopth and bad width can e read.

2o A Cost gtudy for the most eeonomical fmll supply
depth, the Dsd sicpe Pemaining comstant at 1 in
32,000,8nd channal running in balanced depth of
cutting has boen made. The results are presented
in table No. 3.3 and figure 3.6,

3. A ost gstady with varisble dspths of cutting and
filling but with & constant slope of 1 in 12,000
has been made. The results of this study are
presented in figures 3.7](1) to 3,7(a)(x148), 3.7(B)
(1) to 3.7 (B)(xi1L) and 3,8,



(x)

&y Using a limiting value of velogity of 6 ft./80¢.y
a cont study for slopes assuming that chanmel
remains in balancod cating has been mad, The
results of this study ere presented in table Nos.
3.7(1) to 3,7(xiil), gable 3.8 and figure 3.9,
It is hoped that these charts and curves will be

found useful, not only for the Rajasthan cmal Project,

but by any design engineer with the problem of designing

@ Mned cangd, |



tlator for irrtgation is on oxpensive commodityy yot
& lorgo port of 4% 1o gllowod $o Lo vastcd overy yoor during 1%o
carriago £rom the roservoirs to the fisldsy principally throfgh secpogo
in unlined cannlse This lose ney bo as muck as 26 to S0 porcond of the
wator carpriod, I2 this wvator woro saved, it would sorve Co ﬁu‘rig,at@
wore land and produce moro CroOps,

, Hext Yo China, Indla haa the lar_ge:%ﬁ areq wmdar
irrigation In tho world ond this being é’céaéuﬁ addad to mda# 8ucossive
Pivo Yoar plans. In 1981; of o total cultivatod area of 300 millien
acrop (121,40 nillion hectaros)s 851,56 million neres(20.84 nillion
heetares)uas irrigat.d, By 1967, anothor 38,6 millien acres (16,56
million hoctares) had coms undor 3.rr:.gation. I0 18 expected that xméar
the rourth rive Yoor plon the irrizatod aeroage of tho cmmtwy vill
bo i‘w:thw Inecronsod. BUS such Ao the prossgro of our groving papu].atzen
that we pust bring yat Lore lané vndor irrigation to ensuro suifieient'
food production In tha yoars ¢ mmm Indcod, 1% i3 oxpectod that
within the noxt few yoars wo shell have over 100 pillion geres (éf.}aé?
mnmn haectares) of land mdsr drrigation,

I% hao been pointed out that irrigation of aroble .
londs doficient in natwral mofsturo is Justificd Uy the reoonlting benafis
88, In a like mamnep, tho lining of an Lrrigation cenal is Justifled
ocononfenlly whon 4%s cost can Do ropeid in romotsry bonofito ccorued
during tho 1ifo of the lining. 6oty of the woro important benofita Go
bo eonsidr.d in the cceonomice 0f canal liningo are provontien of
scopage loscony reoduction iy roquired sizo of connl ond lover mointenoncd
coatte. Usuadly Ghero aro additioncl bensfite derived Srom lining of
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canals such as insursnce against erosion and breeks in dykes, and
reduction of the danger of water logging of adjacent lends, It may be
ditficudt to place a falr monetary value on such bensfitsy but,
nevertheless, they are important factors snd should be given consideration
vhen appralising the value of cgnal linings,

1.2 JUsll |

To sscure the benefits of irrigated land, a tremendous
amount of capital has been invested am in the country in irrigation
projects « i:he bulk of it since Independence, As the water for
irrigation 1s an expensive commodity, it 4s, sll the more disappointing
to note that a very large plrt of it s wasted every year during its
carrisge from the reservoirs to the fields, chiefly through seopage,
as most of the length of canals is not lineds It is true that not gll
the canals which are unlined permit excessive seepage -and' there are
regiong where the soil is such that the gbsorption in canals 1s so
small that no lining is justified, But by far the bulk of the unlined
canals lose anything between 25 to 50 percest of the water they carry,
mainly depending on the nature of the sodl through which they pass,
pbservations carried out some years age on the Ganges Canal System
showed that water sent down it wes accomnted for as under[] -

Pged actually for irrigation .. §6 percent.

Lost in the main cansl and |
brmche%; ¥ 15 percent,

Lost in distributaries . 7 percent,

Lost in {isld waler courses., .. 22 percent.

It 45 thus been geen that not less than 44 percent of
water was lost, chlefly by seepage, the losa being equally shared by
the canal and its branches and distributaries and the field water
courses,, This s a very seriousloss and, in as much as only the water
actually dlstridbutod over the land contridutes to the raising of crops,



g
this water loss represents a direct reduction in the potential
productivity of the country. It ;represents, in effect, an meco-
nomic use of the capital sunk in irrigation projlects as storage
reservbirs and canal systemé must have greater ca;_iacitiea‘ and
consequently cost more to provide for the water thus losi. This
is substantiated by the studies which are being made at the moment
for the lining of the Rajasthan Canal as given at Appendix-I.

| A in;ther serious consequence of sespage 1s the water
logging of land adjacent to the canals and the conseguent rise of
salts in the top soil, which soon render the land mfit for cultie
vation, Thus, the very canals built to increase cultivable ares
and productivity have within a few years caused the ruin of a
portion of the agricultural land wder their command,

Fortmately, scepage losses can be greatlyfeduced ly
lining of léanals and persuading fammers to use pipes and lined
ditches for their field water courses. gxperimenis carried out
at the Irrigation Research Institute at smritsar have shown that
under average conditions whilst secpage in mlined canals may be
as much as 10 cusecs per million sguare feet of wetted area, it
can be reduced to 1/10 of a smsec or less by lining.

The 'preventim of seepage losses and consequent ’
reduction in the possibility of waterlogging, although very impor=
. tant, are ly no means the only bemsfits which acerue from lining
a cangl, Other benefits aret-

1. Increase in the velocity of water and the conse-
quent reduction in the required size of the canal,

2. prevention of erosion or breaks in the canal buds,
3. Lower maintenance costs.

The cost of lining a eansl 1s ne doubt a heavy item.
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Doveptholasa, o obtain a falr eostimolo of ulbinale coot 4t is nocossery
to balemeo ageisst tho dndtial eost of lining, the lurge-sw@gs
in torms of water vilch would havo boen vasted otheruico ond lond
wvhich would havo Deen rendered waproductive,

It vidl Chus seen that lining & canal mokes for tho
uost ceononfic atilisntion 0f drpigation valer. In as such it requircs |
2 smaller goction for the Sams carrying capacityy the czegvation is
approclably lossy i $ho case of the Rajeothen Cansl the soctional
area required for g lined csnal has been ostimatod 20 Lo only a third
of that roquired for the come discharge for an wlinod cchels In a8
mach ‘a9 & groater slope 46 permitiod then in an ulined canol, a bottor
and more cconendcal alipnmont of the conal con bo golecteds Both
theso factorg lond t0 consicowuble osavings in the cost of lend
acquisitdon ond ¢omstruction. The smeller scetion wnd shorter alignmint
of lined cenal also effect cconomics An the size, nwmbor ond cost of
canal masonry vorks, -
1.3 A0

Bfficlency of an frrigation systom schould be muasurcd
by the ratio of supply avallablo to cultivators in the ficlds to
the supply at its head, $his figure s gonerally sbout 0,56 in alluvinl
Indian plaine, This is not 0 De confusad with efficiency of agricule
fural or cultlvgtion systems, Irrigation officiency of a cenal systom
should be lmproved, consistent uith overall ecomomy @o that the
ontra enponditure imolvua 43 losa then the benefits recodveds

It &5 obsarved that the provisicn of linings roduces
seopags losces o nbout X %o 27 of the walinmed ceotlon, The volus of
this soving in irrigation veter in mopmetary termo will vary vith place
ond soncon, 4 1dned canal costo 2 $o 20 ¥imes as much oo an wlinod
connd, but whore Scopage o heavy # tho soving of frrigation vater
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maY, by itself, bs sufficient to justify fully the expenditure
on the lining, It must be rememberedyhowsver, that the additional
water made avallable by lining results inm additional production
of crops, and the value of this additional production is also a
benefit directly attributable to lining, though it does not directs
ly increase the canal revenue, Allternatively, prevention of
seepage by lining would reduce the volume of water to de impoumded
for irrigation of tho 3ame area and thus reduce the eapital invests

ment,

An fdeal cansl lining is one which satisfiss the
following requirements:- ‘

(a) Impermeadility

{b) Hydranlic efficlency.

{¢) Reasonable durability

(4) structural stability

{e) Economy.

These are briefly discussed belowsw

A criterion comuonly adopled in regard %0 impermeability
is that a lining which limits the seepage losses to 0.015M%/5e0 por
million square moters (0.5 cusecs/M, $ft.) of wotted area should
be considered satisfactory m

Notese Cemant concrete lining lald in situ and burnt

clay tile lining with an intermediate layer of cement mortsy
satisly this limit even after many years of pperation in the
fiald, but the reduction In seepage losses in the case of soil
cement blocks is not very large compared to unlined canal. Some
of the data from field measurementa is quited belowse
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== = =y7ps of 1nTng =~ " ~ “ceepuge 158 Tu casecs per ~

1. nlined channels., - 4 0.28

3. Cementjlimessurkhi (116112) mortar sand 0.125
wiched batween two layera of 12x6x2 in.
brick tiles. '

3a cmt-zaané (183) mm'f-_mdui&ed botwoen 0,027
two layers of 12x6x2 intrick tiles.

4. 4 in Wick concrete of cement sand:brick 0.02
"ballast in 13316 proportion. :

6. 4 in. thieck concr‘e‘tbe of cementtliino ssurkhi: 0,39
brick ballast in 138:22:24 proporticn, :

Rotet- 'gli the 1inings were lce‘téd mder & 6 {t, vater depth and
~ conditions approaching those obtainable in the fleld,

1+4,3 EXDRAULIC EFFICIENCY:-

. The carrying capacity of a cana) variss inversely with
the value of the rugosity ecoefficient, and therefore the 'capacity
of a cansl is greatly increased by lining it. The rugosity co-
efficient of a particular type of lining may however, :ﬁderm
changes with passage of timo, It may increase with time if the
lining surface deteriorates thereby inereasing relative roughness,
or docrease with time due to the growth of algse.

The values of rugosity coefficients recommended for
the various types bti iining by central yater & pover commission
£l are:. |

- . .

1. Cement plastered surface, 0.012 0,013 0,018
2, Brick work in cement mortar 0,013 0,015 0.017

8+ Insituy concrete lining 0.024 0.016 0,018
4. gtone work_ _ _ _ _ . _____0.8_ _ 0,02 _0,0256 __
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Bowever from practical considorations the regosity
coefficient 'N' should not be based on original surfacs but on
surface that will exist after a few years, The value of N for,
concrete and tile lining may be taken as 0,017, as adopted in the
design of Rajasthan Cansls

to withstand the effects of rain, sunshine, frost and thawying
(1f apprlicable ) The materlal adopted for lining should not be

very sensgitive tasgﬁgare changes, chemical action of salts present
in the soi)l, and/have a small coefficlent of thermal expansion.

The ddiferent types of linings can be arranged in the
ascending order of moisture absorption and hence of decreasing
durability as follows[2] g

(a) Burnt clay double tils lining with.sand-wieh lagyer
of plastey,

(v) Burat cley single tilo lining uith layer of plaster
_ on WOp«

{¢) cement concrete lining both in situ and pre cast,and

(4) soll cement block lining. ‘

Based on the exper#dnee obtained from the projects where

atiferent types of lingngs have been used it can be conciuded thats~

(a) Cement conorete lining is durable with life
expectoncy of about 40 years,

(b) Double tile lining with sandwich layer of cement
plaster is also durablewith life expectancy of
about 40 yeara.

(c) single layer tile lining with layer of plaster on top
surface has been uased in the Rajasthan Feeder Canal

projocts
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Evidence in regerd to durability will be available
after a few years when the canai comas into full scale
LEEN | |
(d) soil cementlblocks have got & very small span

of useful 1ife,

The lining should be étrong enough in Jlexural strength, and

1f 1t consists of several layers 'they should bond with each other well.

Though aupported by the suggrade in its entire length the lining may

be subjectod to external pressures ‘due to a transient rise in subwsoil

water table, the back filling getting saturated from seapage or by

direct action of rain water, mth variation of water level in the canal

at a fast rate, differential hydraulic pressures of the order of about

5 t6 6 1n,(126 mn to 150 mm) have been noticed in large canalsh 2]

These forces test the strength of’tha lining and it should not crack.

under the action of thess forces. It may, of course, be noted that

no lining L0 designed to.withatan& soll or water pressures, Yet even

with' drainage arrangements, transient hydraulic pressures of limitcd

magnitude cannot be ruled out, |

1,446 ECONOMY's ,
This is 'the most important factor which governs the adoption

of the type of lining on a project, The lining adopted should not

only be economical in initial cost, but its repairs or annual maintenance

cost should also be small, The initial cost of dtfferent types of

linings depends upon the location of the project, parucularls: on

the availability of different types of construction materials vithin

the economicel) distance, |

bther‘asaantm requirements of linings areg-

1y aesiatence' to mechanical damage.

2+ Rasistence to weakening and detericration fronm
* biological activity. )



3, ;aaasanably low investment and maintenance costs.
1.6 Wz |

Appreciating the necessity of eliminating secpage
losses, canal engineers have tried many materials and method for
lining ctheiy canals. These are

a. Clay lining,

b. Earth lining with aénixtu:as.

¢+ ASphaltic lining,

4. Hydraulic lime concrete lining.

. Single brick tile lining,

f. Cement mortar sandwich brick tile lining.

g Gwited or shoterste lining,

h. Concrete lining - (1) Institu,(i1)precast alabs.

1. Plastic membrance lining.

J« poulder lining. |

411 these linings have theiyr own advantages and disadvan-
tages and none of these can be considered the best indl cases, A
type can be selected with advantage for ons loeality whereas 1t
may be less satisfactory for use at some other place. the most
commonly adopted types of lining in India these days are, however,
brick tile or cement concrete lining. This is shown by the following
tableim
Nidg ¥ the profect . . Tyno of T apts T T T TTT

.

1. Nangal jyydel Chamnel 1. cemont concrete (1:2:4) from R.D.
0 to R.Ds 9800, .
2, Cemant concrete (13316) from R.D,
9500 to 14450, |
3. Brick tiles(l2#xorxo® & 5/ thick
cepent, surkhi gnd sand mortar
from R,D, 14450 1o tall,

2, sarda powar Channel tvo layers of brick tile (10nx5 x2§e
{U.P.) in cvemsnt,seand and surkhi mortar gl:‘ )
vith a layer of plaster sandwiche
and another on top,
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3, qahi cansl S lgiﬁt of htick tiles {12x6'x2") vith
5/8¢ thick impervious layer of (1:3) red
cement mortar sandwiched in between.

4, Bhakra canals Two layers of well burnt tiles with 5/6
thick layer of 1:3 cement surkhi and sand
mortar, sandwiched betwean the tiles,

5. Rajasthan Canal 7wo layers of brick tiles (12%xOrx2®) with
| sandwich: - coment plaster in between, .

. Between tﬁese two types of rigld lining nemely (1) Cement
conerete lin;gg, and (2) the brick tile lining with cement mortar
sandwiched m betwéen preference 1s being shoun for the lgtter
a8 it is found to have the same degree of watertightness, coupled
with low intial cost as well as low cost for subssquent naint.e-
nance. BResides this, the construction methods are easy end quick,
&t}d nmanual labour can‘ e 1argely' empioyed without need of machiw-
nery. This type of lining develops numhara.us minute halr eracks
which minimise the damage to the lining as against the large cracks
11kaly to oceur in cement concrete slabs by tarﬁgaratm varistions
1f the joints are inadequate. MAximum use should be made of local
materials while specifying a lining, and heavy transport should
be avolded as far as pcséihlé. The same material need not be
used for the whole cross ‘section of channel; the materisl for
lining the bed could be different from that used on the aide slopes.
1.8

canal is govered by various factors such as |

(a) Avallability of construction materials at the site
or nﬁ&g}, : ‘

{b) The type and strength of labour zvailable for the
project ot reasonable costi.
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(¢) the degree of water tightness aimed,
(d) The maximun permissible velocity of flow in the
canal end the hydraullc roughness of the lining,
(e) The life of the canal lining 1.0, durability and
| finally, |
(£) The standards of operation and maintenance charges.
The mein criterion of selection of the type of lining
would be economic, 4 low cost Mning with maxinum benofits in respect
of water conservation and maintenance snd operation charges would natuw
rally be preferred to that whose cost is higher for the same benefits.
The qualities of the]d#.ié.‘erem types of linings used in Indta heve
. been diseussed earlier in article 1.5,
1.7 I

The situations in which the dbfferent types of linings
vill be suitable are discussed belowye
1.7.) LAY LIRING=

This type of lining 18 generally found sultable where E

{a) Large bands of clay deposit are available mear or al g

the alignment of the canals !

(b) %he aim of the lining 1s only to curtdl the seepage

losses, The rugosity coefficlent available will be
nearly the same a&s far uniincd channels,

{c) Skdlled labour is not avallable,

Mder these condtions, this would be the cheapest type of
lining, 48 wet clasy will not stand on steep slopes, this type of lining
could be provided in the bed, in conjunction with some other type on 2h
the banks. Clay lining should be provided with an egrth cover fw

prevent cracking,



This type of mmg is generally suitabls, where
claying materfal is Lavauable &t aite. nor san it be brought
from within an economic distance, Bractically all types of goils
normally encountered duping eanal. excavation can be used for |
this purpose, this long transport leads will not be involved.
| The most common admixzure used is portland cement, The
percentage required varies from 2% to 8% depending on the nature
and gradation of the soll, such a lining is cheaper than the
usual types of the coment mortar sandwich brick tile lining,
and 1s specially useful onder low heads in smsll channels,
fhe velocity in such channels should be less than 4 £t/Sece
(1.22 metre/sec,)

1473 ASPHALTIC LRUNG s~

As asphalt is not avallable in adequate guantities in
Indiay these linings ha&e not been used in this comatry,.
1a7 ¢4 BYDRAULX BETE LILING »

!rhia type of lining is generally sumable where Kanker
1lime is availgble in large quantitles along the alignment of
the cenal. It has been used anccésa-ful.y for Gang Canal in
Bikaner,

1.7.5 SINGLE BRICK. TILE LINING s~ -

| zhié type of lining will generally be found: sudtable
for adoption only in the bed of canal and not on: sides. Xt
can be used where the subgrade below the lining is thoroughly
compacted and there is no possibility of its subsequent
settlemant, The advantages of this type are enhanced if the
ageregatas for concrets are not available within economical




lead and suitsbls soils are evailable for buming brick tiles,
arid also if ekilled labour for msnufscture and placing of

concrete is not avallable,
1.7.6 CF MEN

AS ccmpared to stnsle tile .uning, this type has
greater water tightness and strengths FPor this type the
velocity ranges between 4~6 ft/Sec. (1.22 to 1.83 m/8ec.)s
I% helps in preventing woed growth, stops burrowing animals
and is more or less per'mnmt.‘;

1,7.7 GINITE HOT.—. . |
This type of mmg ia suitable where there are emll
and videly scattered Jobs, This has been used omltarq
-rapalr jobs in India,,
1.7,8 CONCRETRE LINING ¢~
(1) In sity (311) precast slabs,
(4) IN_SIZC &~ |
(a) Coarse and fine aggregates foy concrete lining
are available within relatively economical leads.
(b) The water transports considerable amount of
coarse sediment which may damage by erosion
other types of linings o.g. burnt clay tiles,
. 8041 cement blocks @tc.
{c) Righ £illing reaches adjoining cross drainage
works and power houses in the case of hydel
. canals,
(d) Flat slopes are necessary to command maximum
areas because it has got smaller coefficient
of rugosity,




-ld o
() The ssepags logses are required to be rectrie
cted to the minimwm.
(£) veloeity to be encomtered In general is
more than 6 ft,/Sec. (1,83 M/8ec. ).
{g) sktlled supervision is available.
(11) PEECAS
By precasting memtc tues or sla.bs, the mod
of the work can be improved and the rom.m of skilled wox'k
at site is reduced. If laid with cpgn points, it would allow
censiderable secpage lossy but vhen ma in mortar, it would
have the cheracteristics of a tile lining.
1.7.49 BLASTIC MEMBRAN:G LINING s=
The experience on this &type of lining is alse limited,
It would provide an efficient seepage cut offy but other
propﬁrt‘t.cs of the section will not be changed as the plastic
nembrane hasto be pmt&ﬁtﬂ by an eaﬁh énvhm
14730 BOULL

This type 1is genaz"lllyl 'Iounld' suztable vhere «

(a) subegoil water table ocutskde the canal is high
and it is necossery to rolease the pressures
behing the lining, I pnrtiona of tha lin.‘uns
are left without mortar, such relief wul be
obtained, |

(b) The canal tranaports coarse sediment and the
Jining is regnired to resist abrasion,

(¢) Boulder of ﬁqmﬂd sizes are available within
sconomical leads,

{ ) The head loss in the canzl is of no consideration.



(e) The velocity to be encomntered is less then § ft/
sec, (1482 m/500C )

while the guantity of water svailable in nature is more
or loss limited, the demand for the same 1s increasing day
by day. oo

The total annual run-off of Indis as a whole 1S plentiful.
But 1t is dlstributed cnevenly over the various states.
Irrigetion patenktzal of the comtry "depenaa upon two factors,.
the available water and cultivable lands. There are soma States
which have more land potential than water resources £o§
irrigation purposes. It will generslly pay to conserve water
by lining future cenals in these States (which are deficlent
in vater potential) as & long range policdy.

once a canel project i built without iining and put
into operation, it becomes umeconomical to line the aystem
subsquently, Hence on future projects, the provision of
lining should be ser:lcqm considered right from the beginning.



CHARIER I

DESIGR OF LINED CHANNELS.

A knowledge of the theory governing the design of lined
chaanels 1s essential for a construction engineer also so that
he fully realises the effects of his recomnendations to
modify sanctioned designs to sult his construction techniques
in the field, He is likely, otherwise to over look some
important design essentials and upset the carrying capacity
of the chamnel concerned.

‘The purpose of an irrigation canal 1s to deldver |
impounded water to cultivable lamd at as low a cost aﬁxs\ possible.
Al canals are costly to maintain and the first cost of lining
is alvays a large percentage of the total cost of a cmél‘sysm.
¢are 1s, therefore required to design the best and most
economical saction for a given zet of data. That lined canal
13 cheapast which delivers a givem quantity of water for tha
least annual costj and ea# annual cost includes depreciation
of assets, ikterest on capital invested and annual maintenance
and operation charges. Besides this, the design should
fulfil 811 local requirements, such as adequate safety against
8 break through in weak.gpots in the alignment, satisfactoky
delivery to adjacent lands or high level lands, and the
capacity to dolivar the full quantity of water at peak demand.
2.1

After the aischargé required for a canal has been
dntnrmmed,m engineer procesds to fix gradients in its various
reaches, If the natural falls in the ground level permit,
paxiumm gradients shoul’ld bo allowed consistent with velocitien
permissible for the type of lining proposed. om the other hand,



oife
taoro the available £a3l Lo sogll oF poastictod by conoidope
notden of cormrudy, tho comal socticn chowld swi¢ tho nindms
grados en@ tho matoplel for lining chould ba colectod occords
Sagly. Tho ceadicato usmnlly vezy Srom ) fm 6000 %0 4 80
10,000 ond ovo flattcr £or chemnols vith highor capoedidon.
grodients vill affoch volositios md, thozoforc, oloo CADRe
1nls for lining which could b varted foy diifevent roocheg
of o big systen to s udt loeal conditioms.

Sl A Nl ...f,y

Host ceononfcal open channel scetien 40 semichroulor,
Towavar, since the sides of channol shouid be ealfsuppcidiag

co otherwico, the royuired thiclmess would he probibitive. P&0
bonks of tho cheanoad have to be nady ot stable dlopos. ¢his
Palos out the provisien of comlcircular gecltione tith this
Licitation a lydraunlically effiellent sectlon is oblalmad

vith a ciredler bed and straight sides toongential © 4% oo
shom In figure 2.1, This ¢ype of saeticn, bouevor doog

Fug, 2 SHONING CIRCULAR LINED secTion

R A

2o% pdvo eny hopicimGel porGicn in She bad and Lor Aopsow
dloehapran, 48 will) poquiro oo lopge 8 dopth. X0 40p
thezaforoy zﬁmﬁcamé gor cundl ¢havnolo enly, ecrzying €=
chavmno uple 3000 cpeies. practical congldomatica
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of avoiding very large depths 4% is advisable te uss trapezoidal
sections with rounded corners (figure 2.5) for discharges
oxceeding sbout 2,000 cusecs, The radius of this rounding
curve i3 equal to full supply depth. Besides increasing the
hy draulic meen depth of a channel foF & given erea,vith the
necessity of bullding toe walls for supporting sid slepsss-
 According to sally [4] this section is also useful as
it has a higher sllt carrying capacity com;;aioa to a wide
shallew section, During low supplies, heading up has to be
done at off take sites which canses some sllting, The silted
bed, dne to inecrease of rugosity, reduces the velocity in the
canal, In the neetion'pmpasad, hawevor,' the silt will -
daposit only on g relatively small ¢entral portion ox*the .
periseter and hence cannot greatly aifect the aversge éoafﬁcient
of rugosity and, therefore, the design velocity.

The above figure 2,3 shows the ideal section for brick
or concrete lined channels for dlscharges upto 3,000 cusecs.
The limiting depth for such sections should be never more
than 15 £t.

The sectional dats for aaetmi shown in flgure 2.1
with radius equal to full supply depth D and hydraulic mean
dopth R wopld be given by the following fermulas.~

side Slope (Borizomtel/Vertical) 611 (=got< )
Rydraulic mean depth = R 0.5D

angle subtended by the arg at the

centre in degrees. 2

Sectional area = A }% + S8

wetted perimeter = p ~RR., + 284
| 180



Longitudinal slope
Coefficient of rugosity N
The velocity acwording to Manning's formula

2/3 3 : ' »
y = 2R o o 1488 (0,60)%/31)"/2
Filgure 2.2 1:33 shows & graph for reading velow
cities 4n lined circular section using Menning's formula with
N = 0.018. . .
Discharge ¢=AV = {-’% + s}}z ) (Mﬁ) (3.)*(0.59)2‘,3

= 0¥ ( 22 )o.ea))t
2 0,9860%/3 (gaz+6) 0......;* )

£ =g m’llyg »
Q x 0&336 Da/a (.X a‘% —-m *S)Cﬁ)‘"(a.]‘)

For a given lining material choosing a proper valus
of 'R' l.,e. rugosily coefficlent needs jJudgement. Tgble in
article 1.4.8 can be used for this purpose.

This formuls (2.1) is used for calculating discharge
for the circular lined section shown in figure 2,1,

\ gradients may be kopt the sttepest practical from
topographical considerations subject to the maximum permissible
velocity of about 6 ft/sec,

Graphs connecting Q84D and V have been shown in
figure 2.3 (a) and 2.3 (b) for N=0.018 and side slopes 131
and 1411 respectively [3.);.These can be conveniently used
for the design of circular sections for other values of
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FIND THE VELOCITY FOR A CHANNEL FOR THE FOLLOWING DATA
R = 70 l

N = 002
S = 015 PER o0

I.CONNECT R : 7 & AND 5 U I5 AND PHODUCE TQO 'NTERSECT

THE PIyCT™ Ax.s AT C

T.CONNELT © 8 N - 002 AND PRODUCE T» INTERSECT

THE SCALE VY THIS GIVES VYV = 3 3}

TAKEN FROM DRAFT MANCAL 0N IRR LA™Y

CHANNELS €W & ' C.(WATERWING.)
v D AL 1900

FI1G 2.2 SHOWING GRAZH
FOR READING VELOCITIES
IN LINED CIRCULAR

SECTION MANNINGS
FoRMULA
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R a5 explained alongside the graphs,
Typrical example hag been worked out in appendix II.
2301 TRAPY

For larger discharges, the.mqmi;ea radius or mt}mum‘
depth of the circular section becomes impractical. Very
large depths involve excavation below the water table and
large 1ifts for earthwork. Also, where machinery is used,
operation becomes ditficulfo in narrow deep seeﬁiens, comparaw
iively larger éeét:hs will be found to be economical in filling
reaches as compared ta thaée in the digging veaches., We
have thus to adopt a trapézo:.dal ‘seetién’, with or without
rounded corners, o

The cholos betwesn a narrvow &'}d deep section or a
wide and shallow one depends ¥ a sonsiderable extent on
the position of sub spil water table with reference to
designed bed lavel of the eanal. To avoid construction
- difticulties and, later to avold faflwre of lining by uplift
prossures, it is desirable to keep the catal bed above the
water tabie in foresecable future, Economic base widths and
depths for trspezolidal sections as accepted in Americen
practice are glven in figure 2.4 for dischﬁi’gea from 10 to
44000 cusocs. The efficiancy of type of section can be improved-
by replacing the corners by circular are as shown in figure
248, ’

For this type of crossesection the sectioral data is
given by the following formulas s=-
84de slope (Horizontal/vertical) s8i1d

gectional area = A B(ﬁtn(&rtggf-" . A8

-l
Vetted perimeter. =p B+aD(Retan  1/8)
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Longitudinal slope !
yvelocity accurd.mg to the Manning's formuls

pischarge ] = AV 1JJ
= 2449 sH(D(B+D(Setar""1/5/57.3)) )
. § (5*23(5* 1/8/8? .3 ) 't&oa{&.ﬂ)

Graphs with ¥ = 0.017 for side slopes 2:1 and
longitudinal slope *i' equal to 1 in 12,000 have been plotied
by the author relating the various data. These would be
fomd useful in designing a sultable ssction for any value
of "K' with varying bed slopes vide instructioms on chart
in figure 2.6,

A section with zounded cormers is better than a
purely trapezoidal sectiony as it is hydraulically move effici-
ent and also economical as 1t doos awmy with the need of having
& toe wall to support the side slopes,

2.3 ERGE BOARDSt-

Free boards néa prizmarily msant to prevent spilling
over of water by wave action. This will depend on the water |
surface width of a canal, They alao safe gusrd agefnst
danger from extra supplies passing down the canal by operational
errors. A vertical free board of 2.0 to 2.5 ft. is quite ample
for main canals and Branches, For chamnels upto 500 eusecs
capacity, a margin of 1.6 to 1.5 ft, will, however, be mmple,
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It should never be less than m;o foot in distributaries or
winors but could be reduced to & inches in case of laterals
or water courses, The formula . . [4] given below is indle
cative of the free boards to be'aanpt‘aa,

Froe Board in feet = 0.60%% \here p 1s F,5.D, of
channsl in fest., The height of the lining and bank above
water surface is sometimes also controlled by the fhood levels
‘of dralnage water murcepted by, the canal bank,

2.4 MRE SLOPES -

The side slopes of linod channe} (8sl) should mere or
less conform to the steepest stable slope for the supporting
subgrade. PFor different matorials the approximate stable
angle are |

*‘

| Hat‘aﬂal 8table angles Lining slope:
Pirn olay well dratned  48° 11
Clay losm and seandy loam 36%33° C Ajrelds
5andy or gravelly soil - g3%p8® T 3de2ad

In case appreciable seapsge pressures davelop in the
bank behind the lining by ralnstorm as canal Mpage; these -
will not reduce simultaneously with the lowering of water
level in the canal esctione Thus the lining may be subjected
to differential hydraulic pressuresy and to avold these
drainage arrangssents will be needed if the bank soil has a
lov permeability.

1f side slopes are kept steeper than the atablc angle
the soil of sub grads, the thickness of the lining membrane
has to be designed as that of sloping retaining wall with earth
backing in & saturated condition, This would be found to be
prohibitively expensive.



2.5 FOLLSWEPLY IRPTH 1+

The full supply depth is governed by the following
considerations yw |

1. Heving fized the alignment and full supply levels
from the command point of view, the dopth may be such as to
give . balancing depth as far as possible, |

2, Velocity may not exceed permissible walues,

8+ The bed of the chgnnel, may be higher than aub soil’
vater level as far as possible : s0 as to avoid pumping during
construction and uplift pressures after closure of channel.

4. In case of main canal end branches the depth showld
be such that it gives enough bed width to provide convenient
wvorking space for f.ho excavation equipment,

2.8

RERMASSIBLE VELOCITIRS JN DIFIERERT. JZEEE OF LINING t=

The 1.8.%. (Draft Mdlan Standsrd Criteria for selsction
for sedeetion of type of lining®) has proposed the following
limiting velocities for the different types of linings. |

{a) Soil cement blocks aft/sec. (1.22M/5ec.)
(b) Boulder lining 626/Secs (1.5/5ecs)
(¢) Burnt clay tile lining 6£t/308s (1.85M/8ec, )
{d) Cement concrete lining TEL/8ec, (2.13M/8¢¢.)

PRESSURE RELIEFS ¢w

4 canal sometimes passes through a traek of high sub
801l water table, As lined channels are desep, the sub sofl
water level sometimes happens to be higher than the bed.
Censtruction work becomss very dfficult in sueh cases and very
sxpansive at the same time, somotimes sump wells are provided
ond water level kept below bed level by continuous pumping.
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It is, however, desireables to dewed modify design of the sectien
in these Teaches to have @ wider and shallower channel., This will
reduce, if not eliminate, the necdssity of pumping during
construction, éhssm relief is provided in the bed to safe
guard the lining against uplift pressures which later develop
wder the bed of these canals. These reliefs valve, are
scatterdd all over the bed at suitable distance apart, They
vill also be helpful in draining the saturated banks behind the
lining uhmmr water level in the caml drops suddeniv .
8ubsoil watertable somotimes rises in course of time
by development of intensive lrrigation in teacts adjoining the
canal, fThis also creates the diffkeulty of uplift pressures
under the canal bed. Pressure rellef ey wppeas provided at
places of pattnual sub»s0ll weatertable m:zwmfg:w;asted,
but it wm be very helpful at some future date. These presse
ures can also be rolicved by providing inverted filters mdcr
the dod and connecting thau to a system of undar grownd c}rad.ns
connected to sump wells outside the camal, This will mean
high maintenance costs and much work if the system gets choked
up. Vertical pressura relief p-ipas arey therefore, aﬁ.wws,
preforred. If valves are not providedy this has the disadvane
~ tage that during flow of canal i1t acts as a percolation pipe;
partly reducing the .a&vantage of lining., This dsadvantage
is elimmated‘ by providing sultable one way flap valve st the
top of the pipo- g0 that it opens with pressure from below
but gets tightly closed mmder pressure head when canal is
in flow,



I3 this chaptor Coooriplion of the studics mads to
gstcrmine the most ceononlcel £ull oupply dopth ig gs.vcn;‘fb: otudicn
have buen dons for discharg.s ranging iven 3&30 ciceco to 209009
cusees with a dischuege renpe of 14000 cusoen :ap% 30,000 cunoes ond
2,000 cucoes ranye theroaficr. 48 -dﬁscz‘ibed chkove in paro 2.2, for dipe
chargos cxeseding 2,000 cusocs trapezaldal seetions with reundod cornere
avo advicable Iron praocticod considsration of avolding too iwge
‘dopths. Zhio section hao beon ndopted ioF tho etudy. Although the
study 4p peneral in na‘cme end will e found upegul ‘&a Saodening
such coctions for cay project, mmfthe data (tfé.q the oids plopco
and bod 5lopo) acsumod ior the prosent otudy ic as adoptoad fop
figJasthon c:cnal;, which ic the lmgeﬂt cenal in tho t,m:lﬂ. A% the samo
t4ra 1t 4s $n the kajasthen &ﬁaﬁc uhich 4o tho parent ntm% of the
author, '.l'h,'f.s atuf\y for digfercnt dischargos has been oodo with tlm
primary objcetive of nifecting econory in deeipping tho mJnsth‘_ﬁ
Cenole 34n4dar Studies can be conducted for othzr conditlons &3‘3?@

The daseription of the .ajasthen cenal alox:guitn its splient foaturen
hos beon glven in subscquent parad.

Lopend has &bt it that teostern RojJoothon was onco verdont
ond rich. Tho rivers vhich yave rlce to its precperity have since comsbow
venished end tho land roduced o p porchod sendy wasto. This erdd treet
Lo noy dnhebited by nemadic tribos vhich are coatinuonnly the Dove
40 coppeh for wator,
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The Rajasthan Canal Prbsept seeks to transforn a vast
inhospitable stretch of desert lend over 325 miles leng by 27 niles
wide with existing population in place &s low as only six persons per
squere mile into & prosperous agricultural region. This Vary area, when
developed, will be populated by two million people, ’

T he Rajasthan Canal work has besn planned to bring back
prosperity to this ares. It is being constructed to irrigate snnually
an area of about 30 lakh acres (12,10 lakh hectres) spread over a
gross area of about 560 laokh acres (20.23 lukh hectres) on a bortion
ol the great Indian pesert, situated in the Nerth-weet of Rajasthan,
Besides providing hrigati@n racmties, the aim is to transform this
desert tract in the districts of sriganganagar, Bikaper and Jaisalmer
into & prosperous fully devcloped region hwming with people, agriculture,
dindustry and commerce. This projact thus opens out possibnities for
resettlement of agricaltumats, workers, tradesmen and maxw other
categories of p'Q_Ople from outeide the area.

| -’l“hé rainfall in thi.sl area is only nominal, It varics

from'3 to & in the Jalsalmer District and 8% to 12* in Bikener and
Ganganagar districts. The ‘averago depth of water in wells is 250 1%,
below ground level and in places water ls hardly available even et
0 {t, There is net enough water available even for drinking purposes,
Bvery drop of rain ls carefully collected in pucca shallow wells and
tenks for the summer, After using up their on store of water, the
villagers fetch water from surfgce ponds, miles out, till they dary out.
Unde? such conditions of sc.arcn:y of water, it is evidently not posasil e
to grow sny worthwhile crops. | ’

The Rajasthan Canal Project consists essentially of a
426 mile main canal taking off from the Harike head works at the conflusnce
of the sutle) and the Beasy and of storages on the Ravl and the Beas to

collect sarplus monsoon w ater, (16058 3el)e
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acres is cultivgble., Irrigation is proposed to be carried out mainly
in the 45 mile belt to the west of the canal, following natural gradients,
on the eastern side, lift irrigation is aleo proposed to be dond
depending on the avallability of power,

The canal is proposed to be constructed in two stagas,
gtage I comprises of the Rajastban main canal upto %82 mile 122 and
distribution systems of the main éanal upto this point. The main canal
below mile 122 and all the off taﬁmg channels in this reach are proposed
t0 be taken up in the second stage.

The cost of the Rajasthan Canal Project including the share
cost of the storage dam in the Beas River as estimated vide 1963
estimates is B,184,09 crores, This comprises of (4) %5.45,39 crores as
the ghare of the cost of the Madhopw Bea¢ link, Harlke Barrage and
pong Dam {ii) B,74,43 crores for the work of the Ist stage and {1.13.)
&,63,@ cﬁorea for the work of the IInd stage of the project. Due
to revision in the estimated cost of tho Pong Dam currently in hand
and inérease in rates of materisls and labour during the last five year's,
these figures are likely to be revised upwards. The asbove amount also
includs & sum of about K.37,50 croves (about 20§ of total cost) for
lining the whole of the main canal and branches to conserve the water
which would otherwise be lost in the sandy tracts through which the
canal flows..

The ”stase' I which was earlier proposed to be completed
by 1968~59 is now proposed to be compleoted by the year 1971-72 and
Stage 1I by the year 1977-78, |
3e142 BE

The total production of various crops on the full
development of the pajasthan Canal Project (Stages I and II ) is
estimated as 27,16 lekh tons amounting to B.123 crores.
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The present annual food &ficit at all India level
is estimated at 100 lakh tons, It will thus De seen that the Rajasthan -
Canal alone would be able to meet st loast 25 to 35 of this deficit
en full development of Lrrigation, With improved agricultural
practices and use of hybrid seeds, the production would increase
eonsiderably and in thet case this project would have the eapacity to
gover upto 501 of the coumtry's present food deficit,
3e143 I

The Rejasthan Canal (including the feeder in its entire
length) has been completed in & lengtn of 182 miles and work is in
progress for another 32 miles below this reach. The Naurangdeeer, Rawate
8ar, Zorawarpira, Khodawsli distributaries snd guratgarb branch have mg
slready boen completed. work is in progress on the aAnupgarh Branch
system, Sardarpurd, Khudan, chull and Jessbhati Dlstributaries,

since ﬁncrenseé supplies are now expucted as Rajasthen's
share of Indus Eiwer waters according to the latest water studles,
there will be sufficient water for taking the ‘canal upto Ramgarh in
Jalaglmer district as originally pdanned, Further, it is slso possible
to g:.vn some water for improving the water alece in the exigting
Gang Canal and Bhekra Canal systoms,
3.1.5 NEED FOR EARLY COMPRETION OF TS PROJECR,

The Rajasthen Canal Project is & national project and
to meet the food deficit of the country as a whole it is essential to
have it completed ns carly as possible. Some of the important conglderas
tions Justifying the taking up of the project on & top priority basis
are as gnoer e

{a) mder the Indus water Treaty no waters of pivers Ravi

and Bogs need flow to Pakistan after 3lst March, 1970,

in addition, winter supplies which ere at presant being
alloved o how to ?aﬁatan oo bumz gradually withdeawn




da@.

from the year 1967. Advance construction is very necessary
for the utilisation of these waters, which are being

made avallable at such enormous e'os!: to the country, If
this 13 not dene these waters would keep flowing into
Pakiatan wmnecessarily,

(b) A sum of £ 6,320,000 (®,110 crores approximately at
present rate of exchenze) would have been paid by
India to pPakistan for obtaining rights to use thess
supplies in Indias.

{c) The large investment made on pong Dam which 1s presently
estimated to cost BK,130 crores will start bearing
real frult only when largs areas are irrigated on the
Rajasthan Canal,

(4) Almost all of the area in the pregect is moceupied and
large numbers of people can be settled in this area.

(&) Area commanded by the Project borders the boundary dbetween
India and pakistan and the development of the area will
create a prosperous reglon, which would be a goed
buffer for any wmtoward activitiss by Pakistan., The project
has therefore a definite defence valiw for the comtry.
(8) Nothing grows in the aroa at present which has rich
potentiaiities, The estimated produce from the area is
27 lakh tons and the valuwe of the egricultural produce
will be B,123 crores per year. | .
{g) In addition, there would be inumerable indirect advantages
and benefits both finanelally and socially, e.g.drinking
vater, establishment of new integrated commumities from
different parts of India, planned rursl and urban develop-
ment, and long term beneficlal effects on climate.
It im, therefore, of utmost importance in the interest
o0f the country that this project is c_ompleta(i'aa rapidly as possible,
1f one visualises construction work golng on in s desert
(vhere there 1s no water éven for drinking) vhere temperature ranges
upto 125° F and whers dust £ills the air much of the time, one can
then gppreciate the extrems difficulties under which the project
15 belng executed, |
34146 LIFD IRRIGATION SCHEME 1~
The question of providing Lift Irrigation on Rajasthan
Canal project have been under consideration and different alternatives

have been investigated from time to time. IY has now been finally
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decided by the Gevernment to construct a Lift chamnel of 600 to
600 cusecs capacity from mile 48 of Rajasthan Main Canal upto Bikaner
via Lunkaransar, Pesides providing irrigation facilities to an
area of over 1 lgkh acres near about Lunkaransar and Bikanor it
will provide drinking water facilities to the age long water scarcity
affected areas along its route upto Bikaner,
34147 JRCREASED THIENSITY OF IGRIGATION ANDLINING OF CHANNELS ¢-

The intensity of irrigation vas originally fixed at
78%., with the gvailability of additional supplies, and less
culturable commanded area in the middle reaches of the capbal than
carlier envisaged it has now been decided to increase the intensily
of irrigation to 80f. |

It has further been decided to line all thé branches
and distributaries of the system at an approximate cost of ml.28 erores,
The intensity of irrigation is likely %o be increased to 110f due
to saving in absorption losses on account of lining of the chanmels,
with such a large expenditure on capital works to
snsure perennial water supplies to the Kajasthen Canal, £t will be
appreciated that it is of paramount importence o save as much of this |
costly water as possible for actual irrigation and preventing its waste
by sespage in the canal, This is donc by lining the canals, and
although the initial cost of lining 18 heavy, it can be fully
Justified by the great saving it eventually prodaces.

Let us study the case of the Rajasthan Canal, The factors
primarily mrlue:io:lng sespage are the qualltw of so0il through which
the camal ruana, the wetted perimeter, and the dopth of water in the
cansl, It has been estimsted that seepage losses in an unlined canal
running through £oil of the type found in Western Rajasthan is of the
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order of 8 cusecs per maft, of vetted arca. 4t this rate the total
losses in the system would be sbout 54000 cusecs, Since the capital
cost per cusec 1s about M, one lakh the ineffective investment would
anoynt to b, 50 crores,

The recently constructed Bhakra Canal system has shown
that o cusec of water will irrigate about 200 acres in Rejastban, Then
with, 5,000 cusees saved, an additional 1 million acres would be
brought under cultivation yielding 3,50,000 tons of food grains
snnually, valued at %,14 crores, Purthermore, tgking. a conservative
assesapent B. 10 per acre for water and land texes, the revenve %o
Government from additional cultivation would amount to &. 1 crore,

| From the foregoing it will be seen that lining a
canal is a thoroughly economic preposition, Normally, the value
of the water sgved and the lower operational and malntenance
expenditure should in thomselves justify the sdoption of lining.

These considerations led the Rajasthan Canal Board to .
decide to line the entlre length of Rajasthan Mein Cansl including
Rajasthan feedsr, It has recently been daclded by the Rajlasthan
Canal Board to line branches and distributaries at an additional cost
of B, 28,00 crorsa,

Jed49 SALIENT PEAALEER 3=
8alient features of the pajasthan Canal are as bolowsw
{a) gross companded area 79,36 lakh acres,
(b) Culturable commanded area, 36,86 lakh acres.
{¢) Discharge at Head of the
Rajasthan Feeder, 18,500 cusecs,
(4) water allowance,
i) Non perennial stage § cusecs per thousand acres
) p * at disty head,
{11) perennisl stage, 3444 cusecs par thousand

acres at disty head.
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(e) Total area annually irrigated,
(£) Loﬂgth of feoder,
- In punjab,
In Rejasthan,

{g) Length of main canal ( in
Rajasthan)

(i1} Length of brenches (discharge
exceeding 360 cucecty)e

(1) Length of Distributaries
(discharge less than 360 cusecs),

() Length of water courses,
(k) Full supply dopth
(1) Rajastban feeder in punjab,

{i1) Rajasthan feeder at
punjadb/Rajasthan border,

(411) At tail,

(1 )m Bed width,
(1) Peader in punjab{lined)

(11) Feeller at punjab/Rajasthan
Borders ' o

{311) At tall.
{m) Estimeted cost
(a) Total cost.
(b) Per gere of CoCede

(n) phxx Financial return on
capital{irrigation).

(i) 10th yoar after completion

{excluding development costs).

(11)15%h year after completion

{excluding davelopment costs)e

28,75 lakh acres,
310,80 miles,
23.2 niles, |
?91.8 niles.

&80 wmiles,

3 400 miles,
40,000 miles,

2 1t,

21 gt

15 1t.
1264
1341

501

3.95184,09 Crores.
&,500,00

5,08

5.91

LIED JASTH AL t~
ghri Ranvar Sain, Ex-Chairman, Rajasthan Canal Board
ivited some eminent and experienced engineors and Research workers
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for discussions on the necessity, the merits and best type of lining
for the Rajasthan Canal and a grouwp néeting ﬁas;.held on 7th aha 8th
February, 1969, | .
. The main 18ea of calling this conferénoe Was to bave

the bonefit of the experience of eminent engineers on the beat method
of tackling the problem of lining of the canal system. The group
discussion was divided into four suv heads so that the deliberatlons
were focused objectively. Thesé four sub heads were a—‘

1, Necessity of lining,

2« Cosfficient of Rugosity,

3¢ Type of lining.

4. Slopes.

4 brisf roview of the adsliberations (6] is given bekoﬁw

TY OF LINING s~ | |

All the bwucapmts were of the cpinfon that the Rajasthan
Canal should be Lined. '
ENT.OF RUCOSITE s~ |
pey uppa.l starting the discussions regarding coefficient
of rugosity brought out a lob o: statlstics on the basis of

laboratory and £isld experiments, On the basis of extensive experience
and 120 experiments en#ducted in the lavoratory and fleld S‘oi‘ the
datermination of cae::‘twiém; dt rugosity for different types of

1ining he revealed that whatever be the type of lining whether tile
lining or concrete lining the coefficient of rugosity is not much
difforent: Flov in any cansl 1is such that very’ fine material, sticks

$0 the sides, Tho typs of lining and the depssition of that material
give together the rugosity coefficient, The results actually obtained
on the basis of measurements for different $ype of lining are as belowse

%ile lining. 0.,0185
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Cement Concrote(113:6) 0.018 ,
Cement sand mortar. 0.0145 (Good condition),

It bad been observed that the cement concrete lining
constructed in field does not significantly have & lower rugosity
coeffielenty It is the brick In cement morter which gives the lower
rugosity coeffieient and not the concrets. In practice a value of
0,014 13 never obtsined in the field, Also when water flows in the
chapnel, s0me abrasion occurs and concrete losses finer particles, the
cogrse particlss romain behind and make the surfsce rough. This 1s
e disedventage in the concrete which is leas :’i'n‘ gand with moratar
but tt is there. It is absent in tile lining.

Mry Siddu opined that the normal coefficlent of
rugosity of bricks and tile lining with ordinary bricks and tiles
can be taken as 0,018 but with comprassed tiles at the top ¢ is
expected to improve between 0,036 and 0,017, Due to damage of Havell
canal lining, Engineers felt that the design valus of rugosity
coefficient should be fixed at & figure likely to be actually obtained
under working conditions i,e. doteriorated lining, sand on the bed ete
3e

. t L
Dr. Uppal expressed his strong opinion in favour of brick
tile lining which has stood the test of tims., The two moat important
aspects in seleeting the type of lining are its imperviousness and
1ts cost, In both these respects tile lining 1s superior to concrote
lining, while constructing the Haveli and Bhakra canalay all the
important points were discussed and it was consldered thet the lining
is anch better, The tiles in thenselves are not impsrvious, It iz the
mortar in between which provides uatertightnaén. Its thiciness should
be gbout 5/8, There 18 a base mortsr of 3/8* before laying the first
layer of tiles,
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3.3 THICKNESS OF TILE LDNING:-
(1) pouble tile linigg:

It comprises of two layers of tiles with sand-wich coment
plaster Jaid on a properly compacted subegrade, The plaster checks
the sespago im: the tiles serve as protectioncover for it, The total
thickness of this type of lining is 0.44 ft (5.25") obtained as
described below and is shown in figure 3.3.

The procedure for construction of lining 1s as below -

(a) Laying of 3/8" thick cement sand mortsr (1:6) on

the properly #ma@ad aubugrdm-
(b) Placing of first leyer of 2" thick tiles on it in
{1:3) coment sand wortar,

(¢) Laying of 5/8n thick (1:3) cenent sand mortar on

the bottom layer of tiles, and curing it for 48 Hrs,

(d) Laying of 1/4” thick (1:3) coment sand mortar on

the plaster,

(e) Placing of 2% thick tiles on its top in (113)

- ¢ement sand mortar,

This procedure is adopted for lining the sides of the canal.

(41) gingle tile lintng

In this cuse the cement plaster is done on single layer
of tiles laid on the fully compacted submgrade, This is cheaper than
double tile lining, The total tulckness of this type of lining is
0.26 £4,(3*%") as described below and shown in figure 3.4,

The éonsttuctim of this type consists of the following
steps -

{s) Laying of 3/8" thick cement sand mortar(l:5)

on the properly compacted sub grades

(b) Placing of a laye® of tilos 2" thick on 1t in(1:8)

ecomant sand mortar,
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(¢) Laying of a/4" thick cement sangd plaster (1:3) on
the layer of tiles.
This is adopted for lining the ped of the canal.
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As descrlbed in 2.2,1t is advisable to uss trapesoidal
section with rounded corners for discharges exceoding 2,000 cusces
and the sama has been adopted for the detalled study. The cost por
Rft of canal for discharges renging from 3,000 to 20,000 susses

has been worked out for both the circulac'z'z{%a;& )trapezotdal sections
{Fig. 2,6) for balancing depth of cutting aend it is concluded thas
trapezoldal seetion is economical compared to circular one for all
the discharges ranging from 3,000 to 20,000 cusees, which is clear
from table 3.1, Statement of cost por Rft of canal for circular
section for discharges ranging from 3,000 t© 20,000 cusecs 1z glven
at table 3.2, Henco the frapezoidal section with rounded corners
has bgen adopted for the detailed study. The section adopted is shown
in figure 2,5,

345 QI RATES |

The unit rates of earthwork and lining very depnding

on tho location, shape of canal soction and availability of materials
The analyois of rates of single tile lining in ved and doudble tile
lining on side slopes have been given in sppendices IIY and Ve The
analysis is bdased on the average lead of matorials and average



Bfff' venbe & saving
C - in coat with trape-
Section per rit, £0idal. seoe

(Cusecs) (%) tion ever
circalar
CToIMmIITImIIIIIaCIoIig oo

1 20,000 228.58 236.83 8.48 3.%

2 18,000 218,88 226,88 2,38 3,63

8 16,000 208,00 236,74 774 3.54

4 14,000 196,56 203,63 7.36 3,61

s 12,000 184,62 191,32 6.70 3.50

6 10,000  171.45 77,80 6.05 3.41

7 9,000 164,14 110,02 B.90 8447

8 By000 156,44 162,19 By75 3,54

9 S 7,000 149,40 - 153,47 8.07 3,30

10 6,000 130,30  MAS 5.8 3.80

o 5,000 130,07 iM.6 4t 3.30

12 4,000 9.4 123,68 4,08 8.36

13

35000 107,03 ‘ 110.64 3.63 3.28
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c,oxiditions. Theses rates ar; 4gnerany taken as the current
tendered rates received for various works on the Rajasthan
canal in different reaches.
The average rates ars work out as under and same have
been assumed for the detailed study.
Barthwork B, 35,00 per %o clt,
single tile lining(0.26'thick) B, 60,00 per £ sft,
pouble tile lining(0.44' thick) &, 88,00 per § sft,

For the adopted trapezoidal section with rounded
corners with 251 side slopesy bed slope(l) equal to lim 12,000
and rugosity coefficlent(N) equal %o 0,017 full supply depths have
been essumed from 5' to 35' at intervals of §', For cach assumed
full supply depth, discharges are calculated for aifferent bed widths
varying from 10 £t to 800 ft. with intervals of 10 £t upto 100 £%,
20 £, upto 200 ft., 50 LL.upto 300 f£t., and then at 100 £t upto
900 ft. such that the discharge with each F,S,D, works out to near
20,000 cusecs by using formula(2,2) The corresponding velocitzes _'
are also calculated, The nethbd adopted is explained by the example
given Delowse | | ' |
' Let full supply depth considered(p) = 15 ft;
'Let bed width of the channel assu~

: med (B) = 300 ft,.
coefficient of rugosity for uned '
material(N) = 0,017
Bed slope (1) = 1 in 12,000
g81de slopes of the channol(ssl) = 28

Discharge Q according to formula (2.2)
(D (B+D(3+tan "31/5)))5/3 |
Q= 149 (1) V2
(B+2D(5+tan =+ ¥ ))3/3 N
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2"'26C

= L3

TR B ‘m}m—’w

= 8,630 (Cusecs.
veloeity vV = ;ﬁggaa/a 32

" 348 (b = 5.2

® 4&16 ﬂ}/SOc’

The discharges and veloolties for different valuss of
full supply depth considered and bed widths adopted are worked
out. The results obtained are plotted as two sets of curveg =
(1) bekween discharges and bed widths and (11) between velocities
and bed widths, for each full supply depth considred and are showm
in figure 3.5. Firm curves are betwoen dlscharges and bed widths,
vhile Wotted curves are between velocities and bed widths., The
results are alse plotted in a slightly ldifferent/fgri:.aﬁ) fof
~ each given value of discharge curves have been plotted botween bed
widths 'and full supply depths, contours of egual veiocity have
then been interpolated on these curves, The graphé-(fﬂg.a »6) are with
K = 0,017 and side é;lopes 231 for different disharges ranging from
3,000 cusecs %o 20,000 cusecs for trapezoidal lined section with
rounded corners. These curves are useful in designing a suitable
séction of the assumod shaps for any value of N vide instructions
on the chart in figure 2,6, Dotted curves give the velocities
for different ped with and full supply depth combinations,

S+7 EULLSUPRLY DERIH V/S COS1

As a Eirst step, a study has been made towrk out the
most sconomic full supply depth for the canal discharge range of
3,000 to 20,000 cusecs. The full supply depths considred are 5',
10y 15%, 20, 25', 30" & 35', For oach assumed full supply depth,
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bed width correspondeing to discharge has been worked out with the
holp of figure 3,56, PFor each set of full supply depth and ded with,
balancing depth of cutting ' 18 first worked out. The quantities of
sartwork, bed lining and side lining including that oarved portions
are then e¢astimated per ft. length of the canal. The costs of
earthvork and lining are then calculated uaing the assumed wnit
wates, and the cost of the composite section is determined, The
velocity corresponding to the gection 1s alse calculated using

the Manning's formuls. The procedure is explained by the sxample
given bolowi~

EXAMRIE
Lot discharge ® 10,000 cusees,
Let assumed full supply
dﬁ,pthu » 20 ft,

The bed width corresponding to 10,000 cusecs and
FeSeDs 2m of 30 £¢, from figure 3.5 1s 60 £, The cross-section
of the chennel is as shown in £ig.(2.8)s
The depth of bed below natural ground level gt which
the earth obtained from excavaticn in the boed of channel equals,
that required for £illing in the banks, 1s Mhown as*balancing depth.’
It is worked out as wmderi~ .
The side slopes of f£illing and cutting are 2:l.
1ot 4 = balancing depth of eutting. |
p = puall supply depth,
C = Free Board @ 2.6 ft for the study.
b = fTop width of the bank = 34,43 ft. for the study.
B = Bed width,
The area of dovel 1s neglected,
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quantity of cutting per Rft. = 2d°+ 4(B+0.48D)-0,01683p%
Substituting : = &12.18 ft.

= 2x12,18%412.18(60+9.6)+6.53 C1t,
= 1,138 Cft.
fhe quantities for lining arese .
Bed lining {Single tile lining) = 60 stt,

. side 1ining including for romded
corners (Double tile lining)

= 4,92734D+13. .2
‘2 (98,55411.2) Sft.
= 109,75 sft.

The costs of sarth work and lia:;inga per rft, are
worked out with the assumed unit rates as belowi~
Barthwork (Ll ) = R, 40
: " .

single tile lining (60x§s) = M. 36

pouble tile lining (109.75uSie

Total

Thus cost per rit. of canal for 10,000 cusees for
balaneing depth works out to be B, 173/-. §iatlarly the cost
per £{t, of canal for balancing depth for different discharges
mda different conbinations of bed width and F.5, depth 1s worked
‘oute ‘

The velocity corresponding to bed width of 60 ft. and
P,5.,D, of 20 £t 13 directly read from velocity curves (dotted)
‘corresponding to 20 ft. F.5,D. given in figure 9.5 against
bed width of 60 ft., and it comes to 4.60 ft./sec.
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The veloecity range for discharge between 3,000 to
20,000 cusecs with assumed range of full supply depth from § £t
to 35 £t will be between 2,304 to 5,676 ft/sec.

The Tesults of the eost studies for the discharge range
of 3,000 to 20,000 cusecs for different assumed F.S.D{s are shown
in teble 3,3 and figure 3,6, |

These curves show that the most economical fwll sopply
depths for different disc‘liax'gc ranges work out as below «

Discharge range{Cusecs) Boonomical FeSeDe Tta
18,000 = 20,000 %0

10,000 = 18,000 . 26

6,000 « 10,000 | 20

3,000 = 54000 ‘ 16

It 1s realised that it would mot be possible to adopd
an alignment such that balancing depth of cutting is available every
where. T fact desp euttings and high £1llings will have to be
encountercd even in the most sultable alipnment, It is therefore
nseessary to conslder the effect of variation in full supply depths
for different conditions of cuttings and fillings. This study has
been ﬁbn,ﬁ for the same discharge range vipg from 3,000 to 20,000
susees, The full supply ﬁeﬁths considered are 64y 10%, 167y 207,

25 io& 367 for different discharges rangzng fron 3,000 to 20,000
cupecs, For each sssumed full supply depth and proposed discharge
bed width end velocity are worked out from the curves in figure 3.5,

The veluss of full supply level minus natural surface
level (F.S.Ls = NM.SLe) considered are 30%,85', 204, 15%, 101, 5,
0') (=5?)y («107), (=235')y (=20'), {~25') and (~30%),
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FIG. 3.6

FOR_BALANCING DEPTH

OF CANAL(QS)—————»—

-

COST PER RFL OF CANAL V/s DISCHARGE
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for all the combinations of full supply depth and bed
width corpresponding to different discharges. The variation iu the
vange of (F.S.LiNeS.L,) considered is such that it covers practie
eally the entire range of cutting and £illing wAich can be ususlly
esncontered,

The costs of earthwork and both linings per rft have
been worked £or each case of (FaS.L. = Ne64L,) corresponding to
each bed width end full supply dspth combination for the adopted
discharge range., Thess are then added %o find the cost per rumning
foot of the composite seetion in each case.
cansiﬂaring the same example of 10,000 cugsecs discherge

88 gbOVe,
Bed width ' = 60 ft,
Pl supply depth = 20 ft.
Considering three cases,
(1) NeSeLe 8DOVE FeSals 100,
(FOStLb‘NQS‘L.) = — 5L,
(1&) HeSele Delow F.8.5L but
above bed lsvel l,e.
(FoSelie » BsSilis) o= 10 ft,
{131) %,S.., below bed 1.9,
(Fagdu "K\yg*ﬂu) = 30 ft.

The eost of lining per rft 1.0, single tile lining
and double tile lining will remein the same in all the thres ¢ases,
The only difference will de in the cost of earthwork, The cost fer
the three cases has been wrked out in the following table,



B1¥6. FeBle-N.B.I.T

ook - R :_z-.z.%e_?%ﬁ ;M %m 85 pu

)
(604-9;48060)% R 2,087 104 6 36 109.76 97 @

2. 10
2(3&.48@2:12.5)12.5
= 1486 4

' op |
80.48x10 = 895 o , :
(Greater of two) 1,486 51 6 36 109.76 97 184
3. 30 " o "
2(6049,48-20)10

= 495
2(3&.43&66)32,6 ' ,
= 64463 6,058 243 60 36 109,76 97 376
4. Belancing depth  _as worked out in articls 3.8  _ 373 _
From the cost of cahal per zft. calculated in thres

dtfferent cases of (F.Se.lLe=N.Sshe) equal to 30',10' and--5' and
balancing depth of cutting of 12.18' (FoS J-NaSele= 7.82¢), it
is seen that cost of canal per rft. 1s minimos for balanecing
depth of cutting i.e. B, 173/~ per rft. Byt it is not possible
to obtain the allgasant snch that balmﬂng depth of cutting is
available at all places, In sueh cases the alignment is to be
laid mder different conditions ar aatural surface levels and
it possz.b}.e, the most econonical of the thme al.ternauwa is
to be ad;opte& for aligning the chamnel,

| In order to have a ready racioner of cost per rft. of
canal for different conditions of (F.S.L.-N.3.5.) varying from 30!
to (-30'), for each dischargc the cost per rft, has been worked out
a8 explained ahov. for diftcﬁtxt combinations of rnu auyply depths
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and bed widths. A5 a sample the results for a discharge of 10,000
cusecs are shown in tsble 3.4, |
The {FeS.L.» Ne8.L,) values for each value of F.3.D.
are plotted against cost per rft of canal in order to obtain F,S.D,
curves for each_ discharge ranging from 3,000 cusecs to 204000 cusecs
which are shoun In figure 3,7(A){3) to figure 3.7(a)(xiil),
o For each dischargs from F.5.D. curves the econopical
F.8.Ds ¢orresponding to different valuss of (FaBele=N.S.b.) can
be obtained, As an exmph?ﬁoat economical F.8,D. for the vange
of (F,5.L.~ N.5,L) studied for &ischarge 10,000 is given in a foot
note below,lable 34
~ The F,5.D., values for each valus 0f (F.S.L.= N.S.L.)
are plotted against cost per rft, of canal in order to dbtain
(FySsL.= No8sL.) curves for each discharge ranging from 3,000
 cusecs to 20,000 cusecs which are shown in fig. 3.7(B)(L) to
L 37(B) (x811), _ -
~ similarly for each discharge, from (F.S.l.= Ne3.L.)
#Ws tho position of the ground relative to Fu3.L, giving greatest
economy can be obtained and a note regerding this is also given below
table 3.4 for 104000 cusecs, Obviously this wonld be that depth which
is 'ﬂamg‘fto balaneed earthwork, '
| ' In somws cases economic F.S. depths as determined above
are not sultable as their corresponding bed widths are even loss
than the 7,5, depths, This 13 mdesirable from practical consideratioms
| Thus from the present study of (FeSeh.~ NeSuL,) end (F;s.b.
V/s cost per rft of canal it is possible to say at a glancs as to whikh
particular full supply depth is mot economical corresponding to a
given (F.S.Les = N.8.L.) value for a given dischsrge, Similarly



B¢

FeBoL e~
No. H:B:l.: m WOTK

253_.) Mlt. %ﬂ_.

I
{1) ?.e.n.(n)w%',xa.w. (B)=22,75', \felcc:.t;y mwa.?e\s*/sw.
a 30 6586 231 22,75 14 134.38 118 363
b 28 4919 172 22,75 14 134,38 118 204
e 20 3574 125 22,75 14 134,38 118 2857
d 15 2430 85 22,76 14 124,38 118 217
e 10 1486 52 22,75 14 134,38 118 184
£ B 1492 62 2275 14 134,38 118 184
g 0 2115 74 22,75 14 134,08 118 206
h 6 2838 99 23,75 14 134,38 118 231
i «10 3661 128 23,75 14 134,38 118 260
§ 15 4584 160 22,75 14 134,38 118 292
kK 20 5607 196 22,75 14 134,38 118 328
1 .25 6730 236 22,76 14 134,38 118 368
m w30 7983 278 22,75 14 134,38 118 410
a 30 6058 243 60 36 100,76 97 376
b 25 5216 182 80 a6 109,75 97 316
¢ 20 3574 125 60 36 109,76 @7 2568
4 15 2430 86 60 36 109,76 97 218
e 10 1486 53 60 36 109,78 ©7 185
£ 5  lao2 62 60 36 109,75 o7 188
g © 2190 76 60 36 109,76 O 209
h -5 2087 104 60 36 108,76 97 237
i -0 3884 136 60 38 109,75 97 268
J -5 4882 1N 60 36 109,76 97 304
B .20 8979 209 60 36 100,75 O 342
1 35 7177 261 60 36 109,75 97 384
A -30 8414 306 60 36 108,76 7 439
76 425
7% 357
76 203




) DUNN PR P 4, K 8, 7. g s
a4 15 2430 85 120,75 72 85,11 75 232
e 10 1486 52 120,76 72 85,11 75 1p9
£ 5 1479 63 120,75 72 85,11 75 209
g 0 2368 83 120.75 72 85,11 756 230
h  «B 3357 118 120,75 72 86,1 76 265
i 10 4447 156 120,76 72 85,11 76 303
3 -5 . 5636 107 120,75 72 86,11 75 344
kK 20 6935 243 120,75 72 85,11 75 890
1 256 8314 201 12078 72 85,11 75 438
m =30 9804 343 120,75 72 85,11 75 490
a 30 10973 384 880,25 156 80,47 53 603
b 25 - 8461 206 260,25 166 60,47 63 505
¢ 20 6029 211 360,26 156 60,47 63 420
a4 15 aro? 130 260,26 156 80,47 63 339
e 10 1486 52 260,26 166 60,47 63 26
£ B 1377 48 260,26 196 60,47 63 257
g 0 2865 100 260,36 156 60,47 53 309
h -5 4432 156 260,256 156 60,47 653 364
i -0 €10 214 260,26 166 60,47 58 423
J «i5 7887 76 260.26 156 60,47 53 7 485
k ~20 9765 332 260,25 156 60,47 53 &4
1 «26 11742  4a 260,26 156 60,47 53 620
m -30 13630 484 260,26 156 60,47 63 693

Notes= It can be concluded from these curves that

(1) fall sﬁpply depth of 25' is wost economical for
the range 0f (F.S«le=Nu5.Ls )from=301 to 30'; and
(11) groatest economy 15 achieved when the ground

level 18 botwoen 5' to 1O below full supply level.



IR

O S —

(DY L8
1
' . i i
. ‘- - .
\ .
. PR . .
. '
- '
: . Loy
: t -
’ - - LRy Lin v
T+ 71 t .L,

[ S S

AN

16
1

:

4 - . +

. ' .

YIS Ly

i X
i
i

(BN 0t
<_+ , ,

~

[ SR

. — e

4 ———

LR T

O8I0 S

{

rad

L ek e m ke b e

R S

ACH

~

Hl
+

.
.
'
'
s

)

i ———— e r—— e

ot
—

N

3

-

AR




SRS SRS B

'

‘

4

- + -+ ¥
. . ]
i . ¥
t 1

_ ; . !
b + '

* 1
' '
i i
3 . i
N {
] i
’ i
i ! 4
. i «
i
f . 1
t f .
N f
+ B .
f .
!
!
i . +
}
H +

. ok ,.,r/,

g et ey gk

R N

'
¥
|
+ e
f
[
1

_ w

TAs5%757

%

—p—

! v n ’
SVEIINTTHIIM AGNIS TVREds () |

i L4 PN s ._..

$3ISND 000V -

((Y)Leod
oSy - 0sE

[y
‘

<——("SH) £44 ¥3d LS0>
; o«.uN o.m_ s]v]]

. . . -4
R ek L TS TR U U S 115

il

VAYE1INI S

: .

HLIM  Aanks (D)

© 1av51d mo.g,_.z.z,.._.w.u A zdd a3 1sO)

'7"5'N"'T‘S';1

~—— (1334)




_
ol egl  gEI L8 9K S5t
i . - =

1 + » 1 + 1 .
m , i .
_ i
A w TRl ; ~—+— - ($¥) Zd¥ ¥3d 150
(o] 97 0b¥ obe ode o&m, 00z okt o
' o.. ' : . X ‘og
PN . |
W i Foz
_. "oz
b g y LG
~—— (§y) I4¥ Yad 150D
T %) 1£1 9*«_
: e Ty u or-
fg-

i ‘ ».W
SAVIIRTTHIIA Aahls Tviddds (i) |
- : L : ” o
| | m
N | bgy
“ | A
!
. H . ‘e
174
| , , ,
@\T - Tm
i !
SYASILING G HLIM AGnLis (1 ~ ‘
] — *

593519 000G =(0) 394V

HOSIC ™04 " T'SN-"TS4 S/A 144

¥3d L

SOD

(T334 TEN-T S F




.

YRR AT

~———— - (S") 14 H3d LS00

009 [8155¢7 Qs (0304 ny 08¢ Q0¢ 4194 Q0w [s548" 00}
_ . a- . .- v — . . . SRR r R it AP
: . . i .. AU S o)
“ : . h “ M ¢ . Rt A
L} ] 1
: ! _ _ LT “ “ S
. - B N PO . T s e e — - Bl shE et U R e -llw.o.mu
_ - ; f : \
L . : . : T SE-
—~e— — (TN Lin W34 1500, - X :
ik agt &Yt L . S .
‘ R A i T or
; iy . )
3 - + 4
f (= . 3
g v T G-
_ - _
M - —- o
1 1 13 - e - > =
' . g
I !
' : - l
AN TR ety
, OWARTINL T HLIAL AGOLS Wi ade [In “
1
' . - . e
_ T sl
_ I
i !
X . . .
t
: .
1 - 4 . .
WA AN Voo 3

W) 009 =) DAOSIG W] TN TN L

TSN -S4

Lriid

7




DY) LE!
) - (S B (A
(] " one L O (0191 252 05¢ il Y
, : - M . woo
: | ' , r
: ' ' ' ’ -
| , :
. . i | v
' i . . ¥ 1 Y
. i . ) ' X _ “ i (R
: ) . i { e
JN e e e 1 SR S . w | 7
: M B _ : ! | ;
i
' , SRR | ) X
! Pt i ! ! : . - PP L : *
; i : . - . - oy e ® ey
P . ' , m i
N . t
P 4 1
nwu i
! |
i+4 '
: |
i i
P
Emy i
I '
OF + e . -
1% i
. . J .
N il [ 2
A (S &
4 . N
~ l |
* . 1 '
. - - 4 a 1 -
. ! )
[ [
: |
+
1

I SRR Y tL...&f.-;-f;l..rr.il...“.“J?,..-Lfb.l.rl.rl.wwrtflz
WANIING & MM AQALS (O
B T T R NS TS A TR (TR I I ¥ BN SN ENRE NI




(v v 4891 - .
- (%) 148 uid LsOD
059 Q09 %4 604 oSy el8) 4 o5t o0% os2 Q02 Gi
. ; Y A A ol " Y s
R J
TYos2 - \
. z
i v
e . - — ”* oe - -
_ ~
U -
— (5%) 12d w34 1soD g— o [
: , o i~
o3l Sl odt sot ov1 sst g
b e e M + 1 v a + -
i " : :
1 ~\>
€ s ; -
o
i Y
. < e ) o
-
[ i
o WL <
! !
! o
1
W,,
,.,<>.auwr.__.‘,._; HiIM  Aants —vI334s s
.o . ' o2
s
e - e e os

0 0009 = (1) 19AVHISIA 04

CTSN-TSY g L8 d3d 1S0D




VLR U

CG.L [AYO RN

: Z
”
—— —— —~—(Su) 1ay RPN i
S
i .
. '
L]
+ O
<
+ Q¢
-




10,000 Cuseecs.
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10,000 Cusecs.

=

COST PER RFT V/S F.S.D. FOR DISCHARGE(Q)
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.
for a particular ».8,D. and for a given discharge it is possible
to determine the most economical FeS.L. in relatim to the ievol
of the natural ground surnea. '.mo cwvaa preyared are thu: ready
reckoners for the design eng!neer for decidmg tbe txﬂl anpply
depth of a channel for a given dischargs, an& thtn its alignunt

for greatest econony.,
3.9

The above two studies were made with & ft, interval
in the full supply depth and the (P, S.h.=¥,5.L,) values. From
the § ft. interval -sttidy for esach discharge a conclusion for
uppromatc economical full supply depth and growmd position
which gives minimum cost ‘per rft, is dram. Fol moTe accurate
results, & closer interval ofil £t. is taken, The sbove two studies
for a range of 2 ft,‘ to 3 ft. on either side of the full supply
and (F.S.Le-N.5.L.) concluded to be aeouénical in the earlier
study. - o _

In this case also, for each full supply depth considered
for a particolar dischargé the bed width and veloclty are workead
out from the earvcé given in figure 2.8, The balancing depth is
M calculated using eguation (3.3) for each xm supply depth and
corresponding bed wam;_ The earthwork & guantitics of both the
linings per rit., are then estimated for the balancing depth of cut~
ting and othe-r considered (F,S.Lwﬂ»s.p&, ) values corresponding to
the paiticul,r set of bed width and full supply depth combination.
the Tesults obbained are plotted °§§€§3§§ S sff-g:es.h.) & cost per
rft, are shown separately on ﬁgms 3:‘7(.&)(1) to 3.7(A){x1i1).a8
a sample the results for a discharge of 10000 gge.ars shown in
table 3.5,
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TABLE 3.5
STATEMENT OF COST PER RFT OF CANAL FOR 10,000 CUSECS,

Se Fobelem _ at mr rit o o | Total
NOu NeBeks E‘W&War T single tile Diuble t1Te

‘ ?ty. Ant, ? . ~ Amt, Ve .
() fcrb) (B Qetbo G (afb) () (0
i, 2, 3e 4, 5, 6. T 8, e

36,0 109,76 96,58 184,80

a & €0

b 6 1365 47,78 & 36,0 100,75 96,58 180,36
¢ 7 124k 4344 &0 36,0 109,76 96,88 176,02
a 7.2 1138 39,83 60 36,0 109,76 96,58 172,41
e 8 1164 4078 60 36,0 109,75 96,58 173,32
a 6 1487 62,08 & 30,60 114,68 100,92 183,57
D 6 1364 4,74 & 30,60  114.68 100.92 179,36
¢ 7 1246 43,60 8 30,60 114,68 100,82 175,13
a 7.8 1143 40,00 & 30.60 114,68 100,92 171.82
e 8 1164 40,74 5l 30,60 114,68 100,92 172,46

& 1481 62,19 43.26 26.95 119,61 105,35 183.39

a «

b 6 1371 47.99 40,26 25,95 119,61 105.25 179.19
e 7 1355 43,83 43,26  25.85 119,61 105.26 175,13
d 7.88 1150 40,256  43.25 25,06 119,60 105.26 171.46
e 8 1164 40,74 48,26 25,95 119,61 105,25 171.94
£ 9 1321 46,24  4B.25F 26,95 119,61 105.26 L77.44
g 10 1488 53,01 43,26 25,96 119,61 105,25 183,21

§ 1492 52,32 36,0  21.60 124,63 109,50 183,41

Y

b € 13756 48,13 86,0 21,60 124,63 109,89 179,32
e 7 1262 44,17 36,0 21,60 124,68 109,509 175.36
4 7.93 1166 40,43 36,0 21.60 124,53 109,59 171.62
e 8

1164 40,74 36,0 21,60 124,63 108,60 171.93

~
~
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& 6 1484 52,20 20,25 17,56 120,46 113.92 183,76
b6 1m0 48,27 29,25 17,65 120,46 113,92 179,74
e 7 1269 44,42 29,28 17,56 129,46 113,92 176.89
& 7.7 1160 40,80 20,35  A7.65 12046 113,92 172.07
© 8 -~ 1164 40,86  20.26 17,55 120,46 113,02 172,21

Notes~ It can be coneluded from these curves that
{1) full supply depth of u28¢ ig most economical
for the rangs Of (FeS.Le"W.S.Ls)5? t0 10Y; and
(11) greatest economy is achieved when grownd level
is about B' below full supply level.
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Similarly results are plotted between §,8.,D. and cost per
rft. of canal for each considered (FeSsLs - N,8.L.) and
for each discharge and are shown separately on figure 3.7
{(B) (1) to figure 3.7 (B) (xiii). The preparation of these
curves is best explained by taking an example, The example
3s taken for a dlscharge of 10,000 cusecs. |
EXAMPLE -

From the F.S,D, curves in flgure 3,74 (viii) for
10 »000 cusecs it 1s concluded that fuil supply depth of
256 ft, 1s most economical for the range of (F.,S.L=NsS.L.)
30' to -30', 8imilarly from the (F,S.L.-N.S.L.) curves
in figure 3.7B (viil) for 10,000 cusecs, it is concluded
that greatest economy is achieved when ground level is
between 5 ft. to 10 ft, and cost per rft. 1ls minimum for
balancing depth cf cutting,

The fully supply depth and (F.,S.L, = N.S.L.) consi-
dered for 1 ft, interval special study are 20 ft. to 25 f¢.
&z 8 ft. to 8 ft. respectively.

¥or each considered full; supply depth of 20 ft, .
to 25 ft,, the bed widths are obtained from the discharge
curve of 10,000 cusecs given in fhgure 2.6 and are as belows~

F.s.D.  Corresponding bed ~ Velocity Balancing depth
£6.) width / from equation(3.3)
m. b B R Eadiie B ‘sngc )-u--l-t L I
. (ﬂ.é) (£t i (% a

‘--b-.&u-.d-*-“.“-—mﬁ-m—*&ﬂﬂjﬁﬁ”m'””w*“m

20 60,00 4,600 12,18
21 &. 51.00 4.638 13.16
22 43.26 4.674 14,11
23 36.00 4,708 15.07
24 29,26 4.726 16.03

~en Are A 2AR 17 .02
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the earthwork eorresponding to (F.g.LeNaS.L.)
values ranging from § ft, to 8 ft, inciuding the balanecing
depth are worked out for each set of full supply depth
ranging from 20 £t, to 35 ft. and éorrospondﬂ.né discharge
and cost of earth work worked outf:aeh set, cost of iintng
will remain constant. the cost per rft., of cansl is then
worked out for each (FeS.Le = NeSeLs) value consideredd
The rdsults are éhmm in tatle 3,8, Thé results are plotted
and shown n figure 3.7a(viii) giving r.s,n. curves and
3.7B (viil) giving (F,S.L.=NuB, L) curves éw handing VL
special study with I £, interval, ’

For each discharge, from F.S.Ds curves the most
economic F,8,D. corresponding to different values of (FeSele~
N.SsLs) can be obtained. .For an exauple considered the
moat cconomical full supply depth as oblained from P.s5.Ds
curves is 22 f£t, for the entire range of (F.8.Le-HeBele)
6¢ to 10!, Thus for 10,000 cusecs the most cconomical »,5,D.
is 22 ft,'. The conclusion for the most economic F,S,D. fOr
the range of (F,S«Le~N,5,5Ls) considered ls given as A foote
‘note below table 3.5 for 10,000 cusees discharge, |

As described sbove the wmost economical F.S,D. for
each discharge ranging from 5,000 to 20,000 cusecs gnd corres
sponding position of ground relative to F,5.Le are obtained
from the figure 3.74 (.t)f’ngm 8.744)(x114) and figure
3.7(8) (1) to figure 3.7 (B) (xiii) respectively. These
results ahowixig‘ the most eccnomical F,5,D. corresponding
to each dlseharge and respeetive grownd position with res.
pect to §,5,1L, are shown in table 3.6, The table also



w‘c

B.¥o, “Dlscharge "‘W - ¥.8.D.7cost per
Eeono -l!. S.le LY, 0f
sanal

PaD,  Width oly eing
(Qﬂﬁﬁﬁﬂ) (fto) ‘ (ﬂp) {fto/ (ftt) (£t,) (B.)

“

Y o - . 'mumm-‘-nwm "‘mmmv&unnﬁm -ﬂ-n—nm&mm

1. 8,00 M4 9,50 3,46 1041 3,80 107,01
B, 4000 18 75 3,734 1,85 445 10.4
3. §000 17 33,00 9,983 188 6.07 130,07
4. 6,000 18  $6.50 4,112 12,22 578 139,89
B, 74000 19 89,50 A.267 12,62 6,38 148,40
6 8,000 0 ALZS 442 13,30 6.90 166,44
To 9,000 2L 4260 4,552 18.80 7.4l 16413
8s 204000 88 43,35 4,674 14,11 7,89 171.45°
O, 12,00 2B 50,50 4874 14,27 873 184.6
0. 14,000 35 4589 5,084 15,48 0.52. 196,56
1. 16000 @7 4388 5,278 1673 0.7 208,00
13, 18,00 &  #0.00 5,402 16,09 10,91 215,53
28



Sy
contains the canal dimension such as bed width and velocity
and the cost per rft. of canal corresyondmg to the mst
economieal ¥,3,D, The ecomminal FaBuDuy acmonical (F.a.ln«-
R.5.0.) and cost per rft, of m are plottaé against dis.
charge in figure (3.8), which is thus an abatract of the
earlier computations, , ,

With the help of these curves shown in 2agure 3.8,
it is possxble to find the nzc:t'. ewncnical full suppw depth
for any given dischargs 'by reading the ordinate on eeononic&l
full supply depth curve agalnst a given cuech&rga. Thost
results are for the aasumed wmit rates of earth work and
lining, bed slope of 1 in 12,000, sidei slopas of 211 and
rugosity coafﬂc:lent of 0.017 in mann:lng'a formula, If any
of the data ndopted for design changes, the study can be
repaated to determine the most economical ¥,5.D. In the sm
magnner as the ratios between rates of different items of
work are fiikely to vary greatly, the pmsent results will
be useful for appraximate ¢stimation in oth»-r projeeta /180
However, for accurate results, the procedure davclaped here M
could ba used for the aetna.l prevalling fex $he ratea, oy
other conditions,
3410

In the above studies the variations of ground
poaltion'correspondmg to r,5.L, wers considered for a pare
ticular bed slops. Now inder this study the most eocenomical
bad slope has been dsternined for each discharge ranging
from 3,000 to 20,000 cusecs and corresponding wost ¢conomie
cal F,3,Ds 1s dstornined,
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yor this study ved slope ramges considered are
from 1 in 32,000 to 1 in 3,000 with an interval of 1 in
1,000, For each discharge bed slopes considered ave from
1 in 12,000 to such value for which velocity in the channel
nay not exceed 6 ft./8ec. which is the pernmissible 1limit
of velocity in tile lined chanuels,

For each discharge, full supply depths in a range
of 2 £t. to B ft. on elther side of the most economical F.8.D,
as determined earlier are considered, The bed widths corr-
espending to each considered fully supply depth are deters
pined for vary‘;.ng range of bed slopes such that the velocity
in the channel may not exceed the permissible value of Yelo-
city in tile ma channel. por each set full dupply dopth
and bed width, balancing depth 1s first worked out using
‘pquation (3.3)s The cost of the compositC . section per
rft. 1s then caleulated as before. The vaiocitiea COTTOS~ .
ponding to the section and bed slope considered are also
calculated by using Manning’s fornula., The procedurs is
expleined below by an examplete
EXAMPLE s~ | |

Let discharge Q = 104000 cusecs

Let assumed Sull = 22 ft,
supply depth (D).

Bed slope considered (1) = 1 in 10,000

The bed width eorresponding to discharge of
104000 cusecs for assumed full supply depth of 22 ft., bed
slope (i) taken as 1 in 10,000,cosfficient of rugosity
{(N) 0.017 and side slopes (S:1) 231, is determined using
formula (2+2) as belowie



Q = D(B+ o+ -11 /67 43 5.7.3 +
+3D(S+tan*1/5/67,8) (1)
Substituting the imown values of DyS,N,A & Q

: _ §/3
(22(B+22(3+26,57/57.3))  §
or 10,000 = 0.0Y7 (Ié'%é‘c?e)l

(B+44(2426,57/57.3)) 278

oF 404000 = 22 (B+54.2) ( Maﬂoﬁ a2
This qguation can bo solved by trial and errox
for the value of B, It is found that B = 36,25 £t. satifies
the equation, Corresponding value of velocity v = 6,03 f%./
Seec.
The value of bed width and veloceity can also
bex obtained from the curves gilven in fhgure 2.6 for discharge

equal to the proposed #ischarge diviéed by (8,1/8)* where
81 = 1 in 10,000 and 8§ = 1 in 12,000 1.6, for a discharge of

:w,ooozg x §Zn 10,000/(3.2)¥ = 10,000/1.0954 = 9130 cusecs.
For a dischargeof 9,130 cusees bed width can be Tead against
the assumed r,3.D. ©f 22 ft, which gives a value of 36,25 ft.
as beforo, _ 7

the velocity corresponding te a discharge of 9,130
cusecs as read from veloclity curves :_15 4.6 £t./see.

This 'velocity corresponding to ﬁed slope of L in
10,000 will be 4,6 (ﬁ%)*u 4.6 (gﬁ%* = 5,039 £t./50C.
which i3 very near to the caleculated velocity and of 5.03
ft./nee.

The sect‘ion thus obtalned ic 36,35 ft. bedwidth
and 82 ft. F.8.,0. ror this balancing depth of cutting can be
determined by using equation (3+3) and comes {0 14.49 ft,



e
Bow for balaneing depth (d) = 14.49 ft., the earth
work per #£f{. of canal can be woxl&:d out using formula
(3.1) or (3.2). In this example 1t works out te 1,090 Cft.
T™he cost of the canal per rft. then works out as
belowi- | |

Quanﬁ% Amnnt

n*m—u-‘"m-——mn—ﬂ‘--—k-u-m-ndm*—n«(‘.'-lmﬂ«n.’

1. HRarthwork for balanecing 1,090 Cft 38.18
depth from formula (3,2) ' *

2 g:xsgle tile l&nmg for 36,26 ‘ﬂt 3&,75 |

3, Dpouble tile lining for 119,61 stt, 105.28
sides and rounded xx |
eorners, (4,92734x20411,8)
 Sngeindubedebububuuduuiubn. ;- e S 75" S
Thus cost per rfi. of canal for 10,000 cusecs
for & bed siope of 1 in 10,000 worked out to be B, 165,15,
similarly the cost of canal per rit,fey balencing
depth for each bed slope considered for the discharge range
of 3,000 to 20,000 cusees iz worked out.
rhe results are shown in table 3.7 (1) to 3.7
{x111). The conclusicn regarding most economical bed slope
and corresponding most econcnical FeS.D. giving a velocity
within the permlssible limit are given in the form of s foot
note below sach table corresponding to each dlscharge. A
note regarding most eccnomic y.8,D. for different bed slopes
is also given below each table, -
For each discharge varying from 3,000 to 20,000
cusecs from tables 3,7 (1) to 3.7 (xiii) the most «conomical

bed slopes and corresponding 7,5.0. ars foumd out and a
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separate taile prepared which is attached a#
table No. 3.8, This table shows most economical bed alops
and corresponding F,8.D. for each discharge. In addition’
canal dimensions such as bed width and velocity, (F,3.L.~
NeS.Le) giving minimun cost corresponding to most economical
bed slope and ¥,5,D, and cost por rft, are also given in
this table,

These reasults are plotted as most economieal bed
slope, most economical ¥,8,D.s cost per rft, of cansl and
{F,8,L,~N,S,L.) against discharge and four eurvés abtuincd»
which are shown in figure 3,.9.

It is possitle to find out the most eccnomical bed
slops and full supply depth for a given discharge by using
the curves glven in figure .3.9

the use of curves can be explained by the following
example., |
EXMMPIES-

Let Discharge g 3 11,000 cusecs.

The wost economical bed slope can be obtained by
reading ordinate corresponding to diseharge point on most
sconomical bed slope line. The most economical bed siops
corrssponding to a discharge of 11,000 cusecs as read from
the curves 1s 04137 per 1,000 parts or L in 7,300 and most
economical full. supply depth 13 21.80 £t. as read irom
most ¢ cononical FaS.De cUrve, ftha cost per rit, and (F.5.l.»
NeBele) giving minimum cost are élao dotormined by reading
their velue sgainst 11,000 cusecs discharge, The cost per
r#t, as Tead: is R, 162/~ and value of (F,5,L.~NeS.l.) Tulmlk,
for least cost is 7,3 f¢.



} ""‘".'"""""'Q'.f. c"'s‘E por

T.i¥o, sk '“”””
- “' " NoSJn r“o of

 Coeinta afuied ufate ﬁ‘f *‘é‘*"é“‘"‘ég’i i K i -
1o 3,000 1/34000 00 6,44 9,02 1.98 €31
3¢ 4,000 1/4,000 22.75‘ 5.835 20.07 2.93 97,08
3. 5,000 1/4,000 25,76 6,986 10,50 3.60 10 .8
A, 6,000 1/5,000 26,00 5,781 11.65 2.35 117,04
Be 75000 1/64000 32,50 6,530 11.87 5.13 130.7)
8. 8000 1/6,000 26,00 5,786 13.39 5,61 136,68
T 9,000 1/6,000 26,85 5,961 13.94 6.06 1A3.30
8 10,000 3/7,000 8.6 §.723 13,35 675 153.80
9, 12,600 13/84000 .28 6,746 15,17 7,83 170,01
0, 14,000 /84000 39,00 5.955 15,45 B.55 151,04
1, 16,000 1/5,000 47.50 5,867 15,54 .48 196.65
13, 18,000 1/9,000 68,50 6.993 14,97 10,03 206,61
13. 20,000  3/10,000 5080 5, 97 17.08 10,98 219.80

8 aﬁ",ae BEBENEREE
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In this way the most ecenoaigal bed slepe and
corresponding economical #,S.De and (FoS,L.~N.8.L.) can
be obtalned fer any di.ag.‘narge ranging botween 3,000 te
20,000 cusscs, | .

I¢ 15 realiscd that 1t 1s not posaible to lay
an aliénmnt such that balancing d&pth of cutting is avale
lable at ai) sectionsy nor can the bed slope be adopted from
consdderations of cost slone, In some cases flatter slopes
than economical one have to be adopted in order to have
maximum cqmmd, which is ;;twposely done in case of Rejase
then canal Project. Wnile in other cases steeper ded slopes
then economi¢ have to be used due to the nature of the tepoe-
graphy of the arvea in which the csnal 1s aligned, Inthe
present study the influsnce of adopling siopes flatier or
steeper than the ecenomical slope on costs has not besnt
worked out.
3.1l The curves glven in LAgure 3.8 m”a.a would be
found useful for obtalning the most economical full supply
Gepth corresponding to any discharge. The curves given in
figure 3,7 (B) (1) to (x1i1) are useful in choesing between
two or more alternative alignments passing .hesting different
average depths of cutting or filling. with the ald of
Aagrans given in figure 3.7 (B) (1) to figure 3.7 (B)
(x111) one can ¢ven work out the likely differonce in costs,
for the different propesals., |



"SBARIER N
CORCLUSTONS AND LIMITATIONS

4.1 GERERAL

As discussed in chapter I canal lining offers
undisputed advantages, The hoaVy cost of lining is, howe
avery a major obst?acle in the path of its wider 'a'du'ption..
The present sﬁudy was aimed at determining the mwost econo- -
mical dosign for lined canals from 3,000 to 20,000 cusecs
capacity, with speclal reference to Rajasthan ganal.

These studlies need revision when mit rates of
m’cz oarth work and lining are expected to vary, uheever
there is any change in the type of 11ning, the revision of
stud.ies is also essential. The studies are based on a trape=
goldal aeretion w&th ;roundad comers and the s:l.de slopes have
. been minta&nad 2;1 in 81l cases.

On basls of the work done, it wnuld ‘De possible
to choose alignment, sectians and slopes for minimum cost as
shmn belawx-v , .

1) &s far as possible. the Survey Bngineer should
try to align this cgnal to have depths of cutiing as shamn
in table (3,6) and figure (3.8) for various discharges. These
values are, howover, applicable to the slops of 1/12,000

(20 1t is possible to choese a most economical slope
from table 3.8 and figure 3.9 for a given dischargs, For
each éuch slope there 1s a different balanced dapth bx
cutting. As en example if e has to align a canal carrying
& discharge of 10,000 cusecs, than from table 3.8 and figure
3.9 the most economical bed slope is 1 in 7,000. Corresy



=~ 9=

ponding (¥,S.Lw-N.5,L.) giving nindmum cost La 6,76 Lt..
one should so align the canal that as far as possibdle the
depth of cutting is 6,78 £t.

.z%:J:(a) The curves shown 1n figure 3.7 (a) (1) to figure
3.7 (a) (xi11) and figure 3,7 (B) (1) to figure 3.7 (B)
(x111) can also be of help & the engincer in choosing
between two o more alternative elignments, viz. he can
Judgo whether an alignment having ome (F.S..-§.8.L,) valus
is more economical than an altzematﬁe mmﬁﬁm
(F.S,.L.»ﬁ +8.L,) Yalue, As an example for 8,000 cucecs,
the alignment passing through with (F,.s,L,-N.S.L,) value
of (10') is more economical than an alternative alignment
passing through ground with (FuS.Le=Ne3,L.) vali:e of (~18%),

(4) With the 31d of such F.8,D, end (F,S.L,~Na5.5s)
curves,.ons can even work out the likely difference in eagt
beimm two or nore alternative 'aiignuents. 4
_ « Statements of comparative cosf.s for the discharge
range of 3,000 to 20,000 arve given in teble 3.9 (1) to
(),

Colum fo. 3 of those tables shows a somparision
of cost of the canal with most economical F.S5,D. COTTOspone
~ ding to each dlscharge for various values of (¥,.8.L,N.8.L.)
Colum §o. 4 0of samp tables show the percentage increase
in the cost of cunal per rLt, due to variation in values
0f (F.S.LeBv8.L¢) from the most aconomieal,

AS an exauple for 8,000 cusegs columm No. 3 of
table 3.9 (vi) shows the c0st of eanal per rft. with p.8.D,
20 ft. for various values of (F;s.n.a*s.h).rmging from
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4 ft. including bllancins depth of cutting equal to €.0
ft. The colum No. 4 of the same table shows the perean»
tage increase in cost of cangl per rft. from that with
a valus of (F.8,L, = ﬁ.s.iu) egual to 6,9 ft.

. similarly colwsus 3 and 4 of each table giv. the
mfomatton for each disdzaxge-

{(5) The table Nos. 3.7 (1) to 3,7 (x114) can be of
the help %8 ithe enginecer in choosing betwsen twd Or more
alignments with Alifsrent slupes, " .

4.2 CONCLUSIONGSw

| (4) A most economical full supply fdepth for sach
discharge ranging from 3,000 to 20,000 cusscé wvith a bed
slope of 1 in 12,000 is given in & table 3.6 snd figure
3.8, The eorresponding valus of (F.S,L. = N,8.,,) for each
Alschargs glving best results 48 also chown in the above
table and figure. 7thus figure 8.8 45 most useful for finding
out the most economical full supply depth ebr:eapmdzns to
& given dischargs with a bed slope in the chaunel sgual to
1 in 12,000, Similarly, value of (FeS,ha-KeS:L.) giving
minimus coct can be found cut from figure 3,8.

{11) a most economical bed slope and corresponding
most economical full supply depth for each duchargo rmgmg
£rom 3,000 cusecs to 20,000 ctisees is given in teble 3.8
and figure 3.9. The corresponding valie of (FeS.L.eFeSels)
giving s best result for eaeh discharge 1s also shown in
table 3.8 and figure 3,9,

{3141) The variation of cost due to change of
(Fo8,Lo=H.8,50) Valus from & valus of (F.§.L.-MaBeks)
giving best results for each disgharge is appreciable and
varies from 0.22 to 10.65 pareent.
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{iv) Those studles can be of much guidanoce
to the survey and dasign engineers in f ixing canal aligne
ments and designing canal dimensions for lined canals,
4.3 LINIZATIORGs~

The work has been done for the condltions
prevalsnt in Rajasthan canal area and, to the extent
that the assumed conditions change, these tables and
figures cannot We usedk: and require repetition of the
" caleulation work. DA meny cases, however, the authort's
charts will be found directly useful atleast for prelie
minary studles, The procedure evolved will facilitate
economic studles in all cases,
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rhis is substantiated by the studies which are -
being mads at the moment for the lining of the Rajasthen
cina;. The canal having a full supply discharge of 18,500
cusecs, will take off {rom the Harike Head works st the
confluence of the sutlej and the Beas, cutting through the
states of the punjab and Rajasthan a total distance of
4256 miles, |

The estimated cost of the project without liniing
vas B, 116,00 crores, the cost per eusec thus btiixz Be
62,700 and when the same project with lined canal came
B, 162 crores including &, 12 crores for additional channels
for distributing supply saved ty lining. Tpe total cost
of the project ineludes the cost of the head works and
appurtenant works at Harike and the share for the storage
works above which is R, 45,39 crores,

It is estimated that scepage losses in an wunliinsd
canal in this territory is of the order of 8 cuseos per
H.STt, of wotted area. As at this rate 4,600 susecs would
have been lost in the cansls and distributaries,; an invgste
ment of B, 29 erores would not only have been wasted but =
would also have added to the hazards of water logging.

Thus the cost of lining channels in the originel
project B. (153-124116 = &, 24 crores) has been more than
wet by K, 20 arores cost of water saved for additional
irrigation, After allowing for evaporation and reduced
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percolation through brick lining with sandwich coment
mortar of 20§ a net balance of 3,700 cuscés will be avale
lable for irrigation. At a rate of 200 agres per cusec

{as the phakra canal system has shown that 1 cusec: of
water is irrigating about 200 acres in Rajasthan), it will
s.rrigaw about 7,40,000 acres, ylelding atout 2.6 lakh tons
of food grain valued‘at ks, © crores .afhuaily. Assuning .a‘
conservative assessment of &. 10/- per acre for water and
land taxes, additional annual revenue [y government will
be of the order of B, 74 lakh, Further substantial gains
¢an also be assured :lf the water oodrsas which account

for 204 loases are also lined, It is thus clear that lining
of earthen irrigation cheinnels, inspite of its apparent
high mstl,is' alvays an ¢conomy. |
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A cireular lined seé.tzén is to ba' "designe'd_
for the following datase B | o
RATA . |
Discharge {Q) ssesreseessssssess 900 Cusocs
Rugosity ¢o-efficlent (N)-'mqﬂ. OsOJ.S
Bed slope (i)‘ W¥vusssaseessanass 1 in 4,000 |
81& slope {Sftl) sesasanasssesase LEL
2E5IGN
The discharge curve for 800 cusecs in figure
2.3 (a) and the vertical ordinate through 1 in 4,000 bed siobe
interseet at a point which read radius or full supply
depth *D' at centre as 11,1 ft. |
The same point reads an average veloclty of 4610
ft. /8@4:. as interpotated between veloéity curve for 4,0
and 4,6€t./50¢. | |
Thus full supply depth for eircular lined sect&dh
1.1 ft. |
and velocity in the channel 4.1 ft./sec,
The curves given in f£igure 2.8(a) can also be
utilised for othor values of 'N' as expialned along side
the graph.
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Followiﬁg are the present rates of various
materials reguired for lining the bed with tile.

Tile 12%x6"x2* at Riln site (Present oversge
rate) K. 85,00 per $0 Nos.

Cenont per bag at rall head (present Bs 8,00 per bag
market rate) 4 |

Bajri at rail head B, 80,00 per § cft,
sand | B, 2.00 per £ Cft. !
Tiles | 190 Nos.

gement | | 280 bags

Bajri 3.36 cft,

Sand | 7.84 cit,

Tiles 2 miles (katcha)
Cement 30 niles

Bajri 30 miles

sand | -2 miles

8) QOST OF MaTrnlsLs
190 Fos. tiles @ K. 55,0C per £0 Nos. § 120.45
2.80 bags of comtnt € B. 8,00 per bag . 22.40
3.,36 ¢ft. of Bajrt @ B, 80.00 per ’ otk 2,69

7.84 Cft. of sand @ B. 2.00 per ¢ crt. gr %
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ARRIAGE OF MATERIALS

190 Nos. tiles carriage distance 2 miles@ B, 2.45
}!B. 12.90 per ’0 Bos,

2,80 bags cement carriage distamce 30 miles &. 4,06
@ B. 1.45 per bag.

3.36 ott. of pajri carriage distance 0 miles

7.84 cit. of gand carriage distance ,
2 niles @ B, 12,90 per # cft. B 1401

Total B, __g;;@__
¢) LEBOR | o
ié.?B cﬁ:. tils masonry @ Rs, 28,75 pax.: % 'cuft, B, 5,29
100 5ft. cement plaster @ B 6.60 per § sft. B, 8,60

100 5fts curing lingng for 28 daps @ B, 0.85
B, 0.86 % Sfte
pumping water | B 0,50 |

Total e 13,24
Total (a)+(b)+(c) = B, (35,70+9.16+13,24) '
=B, 59.10 per § Sft.
the rate assumed for the study is K, 60,00
per % 5ft. vhich is also in conformity with the tenders
reéetved in various reaches of rajasthan cansl,



JALYSIS OF RATE OF TIL® LINING (DOUBLE TUE LINDIG) oS
e, S1,OP [N : RNER ,¥ e Y (THICK

$4 ‘ ET)

Folloving are the present rates of various
asterisls for lining.the side siopes including romded
CoTners. o -
Tiles 127x6'x2» at kiln site

(present aversge rate) B, 55,00 per %0
f;%ﬁngeﬁﬁgtﬁﬁag? he@d B, 8,00 pét bag
pajri at rall head B, 39,00 per § cft,
Sand . R 2.00 per £ cft.
380 Wos. |
3480 bags
4.1 crt.
9.5 cft.
Tiles S . 2 wiles (katcha)
cenent ‘ , 30 miles
. Bajri 30 miles
Sand o 2 nlles

(a) COST OF MATERIALS | .
380 Nos. tiles @ B, 56/» per 40 Nos. B. 20.90

- 3490 bags of cement 6 B, 8/¢ per bag B, 28,00
4.1 cft. of pajri @ k. 80/~ per £ Cft. . 3.29
9.59 cft. of sand @ R, 2/~ per £ cft. B _ 0,19

Total B, 52,38
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(b) CARRIAGE OF MATERIALD
380 Nos. tiles carriasge distance 2 milas

@ .. 12.9C per £O Nos. B. 4.90
3.50 bags cement carriage  distance 30 .-
miles @ k. 1.45 por bag. B. 5.08
4. 11 cft. of Bajri carriage tﬁstsmoc 30
miles @ B, 48400 per § cft. B, 2,01
9,69 ¢ft. of sand czarria,ge distance 2 B, 1,24
miles@ &, 12,80 per £ ¢ft.
Total L 5 g% i
() JABOTR
44 ¢oft. tile masonry @ B, 34.80 (AVe B, 15.31
from 12* to 28¢ height) per % cft. ' '
100 sft. curing liining @ B. 0.85 per Be 0.85 ,
% sft.
100 sft. sca¥folding and template alloe '
wanee @ K. 0.85 per gc sit,. B, (.85
pumping Waber B, 0,80

Total Bse M

Total (a)r(bX(cy <&, (52.38+13,33+17.61)
= Kk, 83.12 per § sft.

The rate assumed for study is B, 88,00 per §
5ft. vhich is near to the cost calculated apove. This
assumed rate is also in conformity with Bhe tenders
rgoeived in various reaches of Rajasthan canal for double
tile lining and hence adopited is all right.
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