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the present dissertation, a D. ar of •coapu 

ti *s have been made to facilitate the design of Jned 
The sects a pted is a trapozoids3. one with 

rorrded corers*  Discharge rang* used is Zroz 3,000 0 
-y200O0 cusses. 

The stu comprises of the following poet 

A desig chert Jbrsection o in Ugh 
2.5 for 	 ru.gosit *xetticient N equal to 
side mopes (s:l) 2:1 and a bed slit of I in 
12#000presented in figure 2.6 fro* ididh for 
a given discrgo the corresponding full supp3' 

depth cz4 bed width can be rea , 

	

2q, 	ACostSt fir# mos e 	s p 

depth, the bad slopø re 	ing constant at I in 

32,000,snd chance, rte in balanced depth of 

cutter. has been as . The results are presented 
Z table lb. 3, 3. and figs 3,6, 

	

. 	A cost stu with variable depths of cites and 
ilUn but with a nns' t slop, of I In 22,000  

hasn made. The results of this stu are 
presented in figs ,7&(1)  to 3,?(A)(zi ), 3.7(8 
1) to 3.7 (13) (dii) and 3,8. 



(z) 

Using a 31iting value of velocity of 6 ft,/ c., 
a coot stud' for slopes assus1ng that cb.ann1 

remains Sn balanced tag has been +s, The 
results of this s uc' are presented in table Nos* 
3.7(i) tø 3.7( 	), Table 3.8 an4 figs 3,9k 
it is hoped that these cbart and cis vUl be 

found useful not only for the Raa$thafl Canal Project 
but b. a1r 4esii engineer with the robl of d sigi g 

wed cam., 



tiator for irriatt4m is on opens&vo commoditH yot 
3c'o part of It 13 cllotmd to W etu4 ov'y year ,da$Zg 1to 

cairiao from the zoevo 	to the fleldej prInelpeilly throh ooro 
in un3 od 	WO losey bo as mact as 25 to 50 peDcent of tho  
water carrictL 19 this tiator tiez'o savedp it ttould sorve to irrigate 
more an4 cAd produce toro crops. 

Next to GbInat iniAla has the 1iarett area oft  
irrittoa in the world and this bei*g stem add28 to wicar sucoselvo 
Vivo roar Flmo in 19510 of tt tote cutivatod area of 300 oiUiø 
Woo (]23,.0 Stan heataroo)v UoS rziUion a.cics(084 riXUon 
bGOeC)aC irrgat d4 By 1961 anothor 38.5 aIUIQA acre a (1546 
taUlion bocteros) had coma Qer ?rrtatton, It Is ezetod thit mbr  
the lonrth rive !oar pica the irrtatoct acroago of the comtry VW  
be further Incrowodo Dtt auth to the pressure of oar ero1ing poniIation 
that we raust bring yet iioro lmd anr irrijatton to ensure au.tticiont 
good production in the years to come, Indoed, It is expectod that 
with the next Law yoarc to shall have over 100 nilhion acre& (40,4? 
million hoctarca) of lead wdr Uription.7 

it be been pointo 4 oat that Irrigation of aroblo 
lends bLtcient in natural noleturo to justtLtod tj the i'cau3.tlni bemofi-
Up In 

 
a Wm marnorg  the 11UZG of an irriettoxi canal to Juat1io4 

oconozcUi whoa Its cost can be raid In oro tory banoita accrued 
durInG the UIo of the hlninj, Gom og the. ioro Ipportant bcnog2.tD to 
bo con idr ci In the ocanrnicc o$ cnal hinina are pr'avonttozL of  

Soo loscoat  rocluction in required sixo of canal and hover malatenanco  

Boatoostas Obu&Ji tharo arc add anal DonoUts drivcd from lining o 



canals such as insurance against erosion and breaks un kec, and 
reduction of the danger of water logger of ad3acent laflds, it may be 
difficult to place a fair monetary value on such bonefiteit but$ 
nevertheless, they are important factors and should be given consideration 
when appraising the value of canal linings, 
1*2 	9j rqiU 

To sears the box ofits of irrigated land# a temen4ous  

amount of capital has been invested a in the country to irrigation  

projects * the bulk of it since indapendence, AD the water for 
irrigation is an expensive commodity, it is, all the more disappointing 
to note that a very large Ørt of It is wasted every year during its 
carriage from the reservoirs to the £ields ohietkr through seepage, 
as most of the length of canals is not lid it is true that not all 

the 'canals wiith are unlined permit excessive seepage and there are 
regions where the soil is such that the absorption 	 canals is so 
small that no lining is justified. But by far the bulk of the unlined 
canals lose anything between 25 to 50 percent of the water they carry, 
main »y tpend1flg on the nature of the soil through which they pas s4 
observations carried  out some years ago on the Ganges Canal System 
shoved that water sent down It was accounted for as under El ] : 

Used actually for irrigation » * 	66 percent. 
Lost in the main canal and 
b~c b 	 0 0 	3$ percent# 
Lost* IndIstributarios 	 7 percent, 
Lost in field water courses. vo 	22 percent. 
it to thus been aeon that not lea's than 44 percent of 

water was lost, chief by seepage, the loss being equally shared by 
the canal and its branches and distributaries and the field water 
course c,., This to a 'Very seviou4osa and$ in as much as only the water 
actually diatrbute4 over the land contributes to the raisig of crops.) 



this water loss represents a direct reduction in the potential  
productivity of the country. it v"sents, In effect# an s a 
nomic use of the capital sunk in irrigation projects as storage 
reservt7trs and cnai stems rnusb have greater capacities and 
consequentiy cost rsre to provide for the water thus lost. This 
is substantiated by the studies which are being ia4e at the mos t 
for the lining of the Ra1jasthan canal as given at Appendtz1. 

I. further serious consequence  Of seepage Is the water 
logging of land adjacent to the canals and the consequent rise of 
salts in the top soil I  which soon render the land unfit for  fo cultI.• 
vation, Thus, the very canals built to incase cultivable area 
and productivity have within a few years .mod the ruin of a 
portion of the agricultural land =der their cossmand. 

Forttmate3y, seepage losses can be gre.etiedutod tV 
lining of laanals and persuading farmers to use pipss and lined 
ditches for their field water courses. Xperimets carried out 
at the irrigation Research Institute at Anritsar have shown that 
under average conditions whilst seepage in unlined canals sq be 
as much as 10 cosecs per million square feet of vatted areas it 
ter; .be reduced to 1/14 of asusecorleas b7  lin . 

The prevention of seepage losses and ccnsóqut 
reduction in the possibility of waterlogging, although very impor- 
tant, are by no means the only benefits which accrw ac 	 from Uning 
a canal, Other benefits are to- 

1. Increase in the velocity of water and the oonse. 
quont reduction in the req sire d size of the canal, 

2. prevention of erosion or breaks In the canal bonds,. 
3.. Low maintenance costs, 

The cost of lining a canal is no doubt a heavy it o*. 



flovotw1oa, to obtain a tai. oottato of 1tt3 coat It is mcoscery  
to bnco ccaint  tho xti& coet of L1n1nc tho tro Sawn as 
In tortes Of Vator tdicb  WOU14 bAvv Won trnGt4 othoruico nd .and 
bich woald havo Do= rderod %myroduetivo., 

Zt vlU thus seen that 1inng a canal mikeo tox the 
aoat acooc atUlantion o1 iigation vatert in as eueb it requioa 

I 

a smaller section lor the saw carng capacltyo the excavation is 
appXOci&)ly lesal in the case of the fla4notbsn Canal the aoctLonel 
area required £or a linedcal has ben oetato8 to be only a third 
of that required for the a= d1scharGo for at wl1nod cenal o  xn t.ø 

much 'as a Groat= dope to ptirmIttod theZ in an unLnec1 carm .1v  a better 
and wore oconoiical aUinmt of the coral cm be dolorsolectedo  Both 

thoao factoro load to conaMrable eav2ngo in the coat of land 
acquisition and coairuction The oft1lor acetion uld shortor Glnuat 
Of )frmned canal also effect co=amles In tho sizes  n=bcr and cost of 
Can maaony sioris, 
toa 

Ufklancy  of en Irrigattoa syate  atiould be maourod 
by the ratio of supp3 available to cultivators in the fiLds to 
the supply at Ito head. bia £Jure is gonerelly about 0.36 in oUuvid 
Indian platno his is not to be confuced with efficleaq of agr•cul 
Ural or •culttvtion syoteo# rration efticiencv o a canal 178tOM 

should be Improwd'i  consistent :4th overall econoi' so that the 
otra epondituro involved to loss than the benefits rve& 

it is observed that the provision of Unings reduces 
opago Imes to about i3 to 2 of the wlincd cottlon4  Tho vol  volug of 

t12ii aciajj in ir:iaation aster in wwtaq terms WU v&y uith place 
cad emcon.Unod canal costo 2totieeas much acanllno4 
cnaL ut uhero soopego to hea1y  the saving 09 irrijaion uator 



may, by itself, ..be Sufficient to , us.tiZy fully  the ezpediture  
on the lining, it must be moored 	ver, that te additional. 
water uad. available by lining results in additional . product►ion 
of Crops,, and the value o this additional production is also a 
benefit directly attributable to longs- though it does not diTect. 
3y increase t ho canal revenue Alternatively, prevention of. 
seepage by lining would reduce the vole a of water to be impound 
for irrigation of tho same area and thus roduco the capital invest.  
went* 
1,4 	qU1MENT O . 	 t- 

1.4.1 R+l1Lt'" 
An 3 deal canal lining is one which satisfies the 

following requirements:- 
(a) iwermeability 
(b) h y draulic efiicieu .. 

(c) Reasonable durability  
(d) Structural. stability 

(0) moo', 

These are briefly discussed belowt. 

A criterion coinuzoniy adopted In regard to imps rmo ili 
is that a Unnin.g which limits the seepage losses to O 1&/&e*per 
million square motors (0.5 cosecs/(.;°; t..) of wetted area should 
be considered satisfactory IM 	 - 

N t et. Cement concrete lining laid in situ and burnt 
clay tile lining with an intermediate lager of cement mortav 
satisfy this limit, even after many years of pperaticm In the 
field, but the redaction In seems losses in the case of soil, 
cement blocks is not very large compared to t ined cnel. Some 
of the data from field iseasurementa Is qt .d bal e 



, »..~ ;.. Type fj n g ~. ~.. , . 	ars es 	canes per "' .~ .~►. 
ow .., AMA* 	"m4 	O 	.*W 
1. 1l2zzed ebannali. 	 0.26  
2., C '~►b;.iia;sue (148132) rtar send 	0425 

4ich d bbetvee to layers of 	 in. 
brick des, 

f 
3.. 	t:a 	(3 3) mores 	.ded between 0.O 

b Dyers of 2cO LtI.IrLCk tiles, 
4, 4 in. b,tck Conte of caent sandibrick 	0.02 

ballast In 113'x6 proportiOn. 
So 4 in. thick concrete of c nts 	ssurttis. (1.39 

brick ballast. in 3*5t 2t24 proportion, 
— -a* — — r. 	 .. ,w .. w ,.. ate. .f ... ,.. — MM — — .. VW w. + . ON. — — — — -- .. 

11 the 1i#ngs were tested t era 6 ft. water depth and 
conditions approaching those obtainable in the field64 

The carrying capacity of a canal varies Inversely with 
the value of the rugosity coefficient, and therefore the capacity ► 
of a canal is gzeatly increased by lining it, The rugos . co 
efficient Of a particular type of lining may$ however# t dergo 
changes 4th passage of tine. it may incase with tine if the 
lining surface deteriorates fi prey £nczcasing relative rumens., 
or docrease with t due to the ,rte of algn. 

he values of rugodty coefficients recoendod for 
the various types of lid tV Central water & Po4er Coiaissicn  

~t 0  are 
— Flu — w. — ,.r — — +W. — — — • t -- — .ter .R- 

i. — 

- — — — — -- at uø oT surface. 

	

— . 	— 	,..— ....., ... ,W► , „per ..... 	r , —... 	~...~ 

1. orb ►nt plastered a urisce. 0..012 0.013 0.015 
2, Brick work It ant star 0.013 4.«015 0.017 

3. 2nsitn concrete lining 0.014 (.016 0.018 
4, tne work 	 0.018 	0,020 0 0225 



E aver from practical cnsirations the nuoslty 
coefficient 'N' should not be based on origins: surface but on 
surface that will ezist after a few years. The value at N for, 
concrete and the lining May be taken as 0.01?, as adopted in the 
design of RajasthanCana... 
1,9,E 

The caflal lining should be durable and should be able 
to withstand the effects of rainy aisb'ine, frost and ttiav$ g 
(if applicable), The material adopted for lining should not be 
very sensitive to moisture dress, chemical action of salts present 

should 
In the soil, an(Vhsve a st . , coefficient of thermal expansion. 

The diXferent types of linings can be arranged in the 
ascending order of moisture absorption and hence of decreasing 
durability as follows [z] *» 

(a) Burnt clay double tile lining wit. san4 vXeh layer 
of plaster. 

(b) Burnt clay single tile lining ith layer of plaster 
on top,, 

(c) Ceslnt concrete lining both in situ ani pro cast, and 
(d) Soil cement block lining, 
Based on the ezper4nce obtained fros the projects where 

different types of lintgs have been used it can be concluded that$a 

(a) Cement concrete lining is durable with life 
expectancy of about 40 years*  

(b) Double tile lining vith ssncboich layer of Cement 
plaster is also durab3.evitb life expectancy of 
about 40 years,. 

(c) single layer tile lining with layer of plaster on top 
surface has been used in the Baaathan Eeedsz canal 



Evidencev•idence in regard to durability will be aveilable  
after a fey years when the canal comes into full scaly 
use. 
(d) Soil cenienb1ocks have got a very sratl span 

Of useful life* 
1.4„5  

The lInir9 should .d be strong enough In 5lexural stren fir,, and 
it it consists of several l ero they should bond with each other well. 
Thom supported by the suds in its entire length the lining may 
be subjected to ezternal. pressures due to a transient rise in sub, soU 
water table t  the back filler getting saturated from soapage or by 
direct action of rain water*, With variation of water level In the canal 
at a fart rates difterental hydraulic pressures of the order of about 
6 to 6 tn.(126 mn to 150 trim) have been noticed in large caa .sL S ] . 
Then forces test the strength of the lining and It should not. crack. 

der the action of these forces. It mat of course q Do noted that 
no lining in designed to withstand soil or water pressures, Yet even 
with drainage arrangements#  transient nt dre .ic pressures of U ted 
magnitude cannot be ruled outs 

' w y 

This is the Est important factor which governs the aption 
of the typo of lining on a project* The lining adopted should not 
only be oconomical in initialeconomic 	cost, but its repairs or annual maintenance 
cost should also be sue. The Initial cost of different types  of 

i 
linings spends upon the loestion of the project#  particular on 
the availability of different types of construction materials within 
the economical distance,, 

other essential requirements of linings arest 
,, Resstence to mechanical cage 

Osistn a to weakening and deterioration from 
911010gical activity:  



3, Reasonably low Investment and aintance costs,, 

Appreciating the necessity of .eluting seepage 
losses, cans, engineers have tried niauy materials and method for 
lining 	canals.. These are 

a, C1T lining, 
b. Earth lining with adctures. 
c. Asphaltic lining. 
4. H4rauUc lime cucrete 1iul► 
a.. Single brick tie lines* 
£„ Cement mortar sandwich brick ti r lining. 
g. Gtm.ited or shoteret. lining, 
h.. Concrete . ing - (i) Institu,(ii)Pre cast ilabs. 
j. plastic ibranCo lining, 
4. Boulder lining. 

these linings have their oi advantages and sadv 
taps and none of those can be considered  the best tnX Cases* A 
t 'pecan be selected with advantage for on* locality whereas It 
may be less satisfactory for use at some other piece.« The most 

adopts d types of lining in india these q s &ro s  liver, 
brick tile or cement ncrete lining. hi4 is shown by the tài1oi4g 
mss. 

►« Nang iy4e1 Chime. 	I. Cement concrete (1:2t4) from R, D. 

2. Cant concrete (1*3*8) fro* R.D. 
9500 to 14450. 

3. Brick tiles(] 	6/80 thick  
a nt, surkhi and sand iortar 
froa R,D. 1445Q tom, 

2. sarda Power channel 	 layers of brick t 	(1o" 
(U.?.,) 	 in cementts uc d and sur i.mortar . 

with a layer of plaster sndvidied  
and another on top. 
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3. xahi Caxial 	 +eft Of .ak tiles (12xe' ) with 
5/8' thick impervious layer of (1:3) red 
cement rnrtar sandwiched in between. 

4. Shakra als Two layers of well burnt tiles with 6/80 
thick layer of :3 cementt surkhi and sand 
mortar, sandwiched between the tiles. 

5. Ba than Cam TWO lagers, of brick tiles 12 x6*z2*) with 
sandwich - . cement plaster , in betwe+en0 . 

a. 	— +w .r. 	 — — w. +w• UM.« MOMM t 

Between these two , types of rigid lining namely (1) Coiment 

concrete lining, and (2) the brick tile lining with cement mortar 
sandwiched in between preference is being shown for the latter 
as it is found to have the saw degree of wate'rtighthass, coled 
with low intial cost as well as low cost for subsequent Vito- 
nance. Besides this # the construction rthods are easy and quick, 
and manual. labour can be largely employed without red of maw► 

new'., This type of lining develops nun emus mime hair cracks 
which minimise the damage to the lining as against the large cracks 
lid to occur in cement concrete slabs by temperate Varian s 
If the joints are inadequate.. 14*ximtn use should be made of lam 
materials, while specifying a lining, and .heavy transport sbomzl4  
be avoided as far as gossip,*  The same material need not be 
used 9 or the whole ctoss 'section of channel; the material 9" 

y. .> 	 t 11 	4 	 I1 	t 	i .. 	• ;. 	rM M 

The choice of a particular pipe of lining for a 
moral is covered by various factors such as 

(a) Availability of construction materials at the site 
or 

(b) The type and strength of labour available for the 
project at reasonable cost;. 



(e) The cogreb of water tightness ataed,, 

(d) The maximum permist3tblo velocity of flow In the 
canal and the hydraullo roughness of the lining 

(a) The life oe the tonal lining i#e v durability li y and 
fines, 

(t) The standrda of oporaticn and øalntenance cages.. 
The main criterion of selection of the type of lines 

would be eccnonic, A low cost lining c itb maxiawn, benefits in respect 
of water conservation and a1nten ;ce and operation charges would natu. 
rally be preferred to that whose cost is higher for the sws benefits*  
The qualities of the, 'different types of 1inins used in India have 
been discussed earlier In article 1,5. 

#7 	 I 

The situations in Which the different types of lilts 
Will be suitable are discussed below t, 
1.1.1 ALmmq4s. 

This type  of lining to generally found suitable where 

(a) Large bands of clay deposit are available near or 4g 
the elignient of the cam.. 	 ° , 

(b) *he aim of the lining is only to curtaL the seeps 
losses.. The rugosity coefficient avai3 able vil be 
nearly the saw as fox unlined channels, 

(c) Skilled labour is not available, 
urea those coMtions, this Would be the cheapest type of 

Lining. As wet clay will not stand on steep ,lopes, this type of lining  
could be provided In the beds in conjunction with some other type on 

s 
the banks. Clay lining should be provided with an earth cover to 
prevent cracking, 



sir 

This type of lining is generally s+ tam p where 
0 ring material isiai3.able at site, nor can It be trout 
from within an economic diatancø. racticaUr all types of soi.2s 
normsily encountered . during canal ezcaration can be used for 
this purposes  this long transport loads will not be Involved. 
The most common athnixure used Is Portland 	ent. The 
percentage required varies from to 	pending on the nature  
and gradation of the soil. Such a lining is cheaper' than the 
usual types  of the cement mortar san i ith brick tile linings 
and is specially useful under low beads in sal channels. 
The velocity in such channels sbo d be lose than 4 ft/sec. 

,22 metre/Sc,) 

147.3 BAUE lm s. 

As asphalt is not available In adequate quantities. In 
inert `use linings have not been used in tbts co tryo  

This typo of lining is generallt suitable where Itanker 
U is available In large +uantitiea alon.j6 the alignment of 
tbe canal,* 2t has been used successfully for Gong Canal In 

This type  of lining will generally be tocztc suitable 
for adoption only In the bed of av=4 and not on ; sides. Zt 
can be used where the subgrar below the lining is 'thoroughly 
compacted and there is no possibility ofIts sabseq t 
settle ,t. The advantages of this type are enhanced U the 
aggregates for concrete are not available within econ .ca3. 



lead and suitable soils era available for burning brick tileS. 

and also if skilled labour for mazufact e and placing of 
concrete  is not available. 
1«706 ci. 1oaTMistDwiciEn aid -.TIL Lm. O _ CDO BLE .L 1 

tW 

as cO~ape7e d to single tile ttni.ng, thia ' 'pe has 
rater water tight ess and trength. For this typo the 
velo , "y ranges •be 	 6 t Sec"r. (1,82 to ].8 	Sec. ) 

it heip8 in preventing wood grow stops burrowing anim . 
and Is more or less peraan t. 

This type of lining is suitable where there are s eU  
and widely scattered jobs. This has been used off► fob 
repair Jobs In India.. 

(i) in situ (ii) Precast subs, 

(a) Coarse and foie aggregates for concrete Ming . 
are available within relatively economical lead., 

(b) The water transports considerable aiomt of 
coarse sa+ivient which may tiazige by orosi a. 
other types of iininge . o, g. bit cl* tiles 
soil ant blocks etc. 

(o) High filling reaches adjoining cross drainage 
works and power houses in the case of by2. 
canals, 

(d) i1at slopes are necessary to co~nan d ns 	t 
areas because it has got emaler coefficient 
at rugosity. 
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C*) The seepage losses are r, u zid to be restr ► 
eted to the ~ MS 

(t) Velocity to be moot 'ere4 in general to 

Mrs than 6 tt./Sec,. (1.83 sec, ). 
(g) skilled supervision is available, 

By precasting concrete tiles or slabs# the speed 
of the work can be improved and the pr ea of skied work 
at site is reduced. It laid with op?n points, it world a31ow 
ccneicrab1e seepage loss.# but when U14 in irtar, it would 
have the characteristics of a tile lining, 

The experience on this type of lining to also U 	&. 
It would provide an eS Acct seepage out off# but other 
properties Of US section will not be cbsngsd as the plastic 
meabrane hasth be protected b an earth -cov r, 
1.740 B1ZIt LINIiG t. 

This type is generally ford suitable where 
(a) subsoil water table outside the cep is high 

and It Is necessary to releasethe pressures 
bhind the lining. It portions of the lining 
are left without mores, such relief will be 

(b) The canal transports coarse di nt and this 
lining Is required to resist abrasion. 

(c) Boulder of required sizes are aVailable within 
economical leads. 
The had loss i.n the case]. Is of no consideration. 
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(o) The velocity to be encountered Is less then 6 ft/ 
see. (1.52 a/s.c. ). 

r Y' r 	w 	y 	~ 	Fib 	■ 4 a~~' 	r .X. 	r 

While the quantiti of water avaUab1o In natur. Is more 
or less lia te4s the demand for the saw is increasing day 

Tbe total annual r ►•oft of India as a whole IS plentiful. 
But It is distributed mevexilt over the 	ious States. 
Irrigation potential of the count depends upon two factors,. 
the available water and cultivable land, There are some States 
which have more, land potential than water resources for 
irrigation purposes* It will gner4lr pe to conserve water 

Zen g future Canals in these states (Which are deficient 
in 'water potential) as a long range polic. 

once a canal pzoject Is buLit without lining and put 
Into operation, it becomes uneconomical to line the system 
rnsquently, anco on future projects # the provision of 
lining should be seriously considered right , from the .,beginning. 



11A&Z . . 

___ _ 	 CAELo 

A 1flOtJledge of the theoq governing the +c sign of lined 
chaAnals is essential for a construction engineer also so that 
he fully realises the effects of his rcconndationi to 
odfy sanctioned dasigns to suit hfl construction techniques 
in the field. Re is llke4 0 other wise to over 3.oc] some 
important design osU9ntiaIs and upset the carrying capacity 
of the channel concerned. 

The purpose of an irrigation canal Is to deliver 
fppot bd water to cultivable land at as low a cost as pussibl•. 
All canals are costly to maintain and. the first cost or llniflg  
is always a large percentage of the total cost of a Canal cyst t. 

Oars is # therefore required to c sign the best and most 
+s Comical section for a given set of data. That linsd canal 

is cheapest which delivers a give quantity of water for the 
lest annual cost; and 	annual cost inciudos praciation 

of assets, i*terest on captt . invested and annual maintenance 
and operation charges. Besides this, the design should 
fulfil all local requirements , such as adequate safetyi against 
a break through in wed *pots In the alit, satisfactc t 
delivery to adjacent lands or high level lands ,. and the 
capacity  to deliver the full quantity of water at peak deed. 

After the discbare required for a canal has been 
determine d,e engineer proceeds ds to fix gradients in Its various. 
reaches. It the natural falls in the gsaund level permit 
aft gradients shot t4 be allowed consistent with velocities 

permissible for the type of lining proposed. on the other hand, 
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of avoiding very Large depths it it s4v$sable is use traezoide  
sections with rounded corners (figure 2.5) for discharges 
exo eding about 2,000 cusses. The radius of thhs rounding 
curve Is equal to full supply depth. Besides increasing the 

draUlic man depth of a channel lior a given s 1Lwifih the 
necessity of building too walls for supporting side slopes. " 

According to sally ,t41 this section is also useful as 
it 'bas a higher silt carrying capacity compared to a wide 
shallow section. During Sow supplies#  beading - up has to be 
done at off take sites which causes some silting. The silted 
bed, due to increase of rogositq * rs.duc*s the velocity in the 
canal. In the section proposed $ ho vsr, the silt will - 

posit only on a relatively =all ntral porter of - the 
pert*eter and hence mot greatly affect the average coettl.ciant 
of ru gosh$ and therefore the desi veloci r.. 

The above figure ?. , shows the Ideal section for brick 
or concrete lined channels for discharges upto 3000 cusecs., 
The Ring depth for such sections should be never more 
then 15 ft. 

The sectional data for section shoes in figure 	 , 
with t radius equal to full supply depth t) and hydraulic an 
depth R woUld be given by the following fulss;-'-.  

M ► 	OPO (Boni tal/yortical) 
Idraubic mean depth * a 
Anglo subtended by the arc at the 
centre in degrees. 
sectional area a A 

wetted perimeter = P 

0 1 1 (a Coto4 ) 

2ed 

W Sb2 
180 

r, + 28d 
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Coefficient of rug sity  N 

The volOcitp a +rding to Manni 's form' 

V A 213 ii a i 	(Q 5D)2" (:)
12 

Figure 2.2 0 	scows a graph for reading Vim► 
cities in lined circular section using Mann 's Xormula with 

N a 0.018. 
Discharge QAV 	 ,  8 3 t?Ø.:9 	3)2 

336 

* D813(0) ( 	)(0.63)(1)1 

? ,93 

4 z 0,936 D813 (7jr4 
8)(~),..(2.L) 

r a given lining material choosing a proper V .** 
of 'V i.e. rugoait coefficient needs 3udgeinent. T5blo In 
article 1.4.E can be used for this purpose. 

This forme (2 3) is used for calculating discharge 
for the circular 	acingshown in figure2.1. 

Gradients mat be kept the attepest practical from 
topographical  considerations subject to the axrn c► permissible 
velocity of about 6 ft/sac, 

Graphs connecting Q: 	,tL and V have been shown In. 
figure 2.3 (a) and 2.3 (b) for 	.018 and side slopes 1:1 
and 11,1 respectively =,*Tbeft  can be conveniently used 
for the , SJLSD of circular sections for other values of 
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EXAMPLE._ 
FIND THE VELOCITY FOR A CHANNEL FORTNE FOLLOWING DATA 

R = 70  

N 	O.02 

S .- 0.15 PER O/øo 

C AND , c.; IS 	AND PS+ODUCE TO'NTERSECt 

THE PiVC-' A. AT C 

~.CONNELT 0 8. '4 = 002 ANb PRODUCE T , INTERSECT 

THE S(-&LE V 	THIS (IVES V  

TrC .N 	IC)M DaALF7 '~'ia'V~4~• ~,'r IFR 0A7A 

ANNE-  C. l~ ~ ' cWATERWINC ) 
i) r 	I 	191'•0 

F IG 7-.2 S14O 11NG GR :-lP J 

FOR READING VELOCITIES 
1 N LINED C C ULA ? 
SECTION MANNING; 

'.Q S M t 1,, A_ 

I. 
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w u explatn.d alongside the graphs* 

Typical example has been worked out in appendix U. 

For larger discharges the required radial or mr wnun 

dapth of the circular section becomes thipractical. very 
large depths involve excavation below the water table and 

large lifts for earthwork. Also there machinery is used 

operation becomes difficult in narrow deep sections, compare* 
tive3.y larger depths will be found to be economical In filling. 
reaches as compared to those in the digging reaches. We 

have thus to adopt a tr3pezoidal section t ith v without 
rounded corners#  

The choio between a n&rxroa and deep section or a 
wide and shallow one depends to a considerable extent on 
the position of snb soil water table with reference to 
designed bed level Qf the rya.. To avoid construction 

ditfict .ties and later to avoid failure of lining by  Uplift  

pressures, it is desirable to keep the caAs2. bed above the 
water t ble In coreseeab a fttff. Economic base widths and 
depths for trapezoida3. sections as accepted in crican 
practice are given in figure, 2.4 for discharges fwom 1,0 to 
400O cusses.. The effi.ctenc of type of section con be Improver •. 
by replace the corners by circular are as shown In figure  

r this type of cross.ssection the sectional data IS 

given bit the fol aArig fore ulae a.- 
Side slope (horizontal/vertical) 	S:3. 
sectional area a A 

Wetted per t r . W P 
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Longitudinal slop* 
V*1ocity according to the Manning's form 

i4% B+DCta 

Graphs with it =_ 0.017 for Mi slopes 2s1 and 
longitudinal slope * equal to 1 in. .l2OOOhave WM Plotted 
by the author relating the various datai► 	hse would be 
toraid useful n dosi&nizg a suitable section for Ng value 
of %I with varying bed slopes vie instructions on chart 

in ftgur 64 

A sects with ronidsd corners is better than a 
purely tnpizoidal sects  as It is hydraulically more effici.  
ent and also econozical as it doe# awy with the need of having 
a 	wall spar. the Bids slops. 

:lee boards are primarily rat to prevent spiUing 
over of water by wave action. This will dupend an the bar 
surtaoswidth of a canal, They also We guard against 
clanger from eta, p3Jas :passing den the canal by operate 
errors. A vertical ,free board of 2.0 to 2*8 ft. is quite ale 
for main cnals and Branches. For cbannls upto 	cases 

act►: a Agin of 1.0 to 1.5 ft. well $ however. be ple, 



It should never be less than one toot In distrtbutarl.0 or 
minors but could be reduced to 6 Inches in case of laterals 
or water courses. The formula . ' , [4] 	bølov Is indi.b 

cat vø of the free boards to be adopted. 
Me Board in toot a O.&/2 eat► n 10 F ,s.D.  Of 

channel in toot. The height or the lining and bet above 
water surface is sometimes also controlled by theMood levels 
of drainage water intercepted b, the canal bank. 
2.4 pLOPE too 

the sidr slopess of lined cbann4 (all) should more of 
less conform to the steepest stable slope for the smarting 
subgrade. For different materials the approximate stable 
angle nra- •. 

material 	 stable angles 	Lines alopsi 
Firm clay well drained 	450 	 1*1 
Cam' loam and sar4 loam 	36.33 
sandy or gaveUy Sal. 	 .*20 # » 

Zfl case app c able seepage fissures  develop in the 
bank "behind the lining by rainstora as canal seepago, these 
will not reduce simultaneouslywith the kwering of water 
level in the canal a.ctt O,• Thus the lining mar be cubeced 
to differential hydraulic a pressures and to avoid these 
drainage rigr is will 	 edrd it the bank soil 	 a 
low permeabilit. 

If eft slopes are kept steeper than the stable angle 
the soil of sub grab, the thickness of the lining weabraria  
has to b 4eigned as that of sloping retaining wall with a th 
baoktng in a saturated condition This would be found to be 
prohi tiv*4 a, 



The tia► 1 supply p  th Is governed by the following 
conatrations !o 

I. Having Axed the alignment and ru Stp3 levels 
fr m the coed point of viv, the pth 	bs such to 
give , balances dept a as far aa pond l•. 

2, Vel o d r may not ezoeed per s4 l• values. 
3. The b4 of the channels s 	be higher than at soil 

water level as far as possible so as to avoid ping during 
construction  and upWt pressures after closure of channel. 

4. Z► case of main g .4 and branches the c' pt t. shoLd 
be such that It gives enough bad width to provide COflY . ant 
working spa.** for the excavation eqdpment, 

  Y 

fer aalest4e of typo of 1. 	g') has proposed the following 
Zitirig velocities for the different  types of leg##, 

(a) soil cement blacks 
(b) aou3.r Lining 
a) Durst clay 't a lining 

(d) Cwt concret. lining 

4ft/ e. (l. 	$ec. ) 

+ /Se+ . (. 	Sea. ) 

 

A canal sometimes passes through a tract of high sub 
Ball water table. As lined channels  are c ep, t1 sub soil 
water level soatlEes happens to be higher than the bad* 
censtructice work bowman very difficultt in such cases end v . 
øxp*netve at the same tom. a*tiaes au. wells are provtd 
and wa r level kept blow bed level by continuous pumping, 



It is, however # desireabli to 1eve rnodt design of the at 
in these reaches to have a wider and shallower obanne * This w . 
reduce, it. not emanate, the necdssit of pUuping during  
construction. Pressure relief is provided In the bed to safe 
guard the UniXLg against uplift pressures which later develop 
under the bad of these canal*.' These reliefs valve * ors 
scatter a d all over the bed at suitable distance ert Thq 
will also be helpful in draining the saturated banks behind the 
lining whnover water level in the ram drops suddenly.  

Subsoil vatertable Wit's rises in course of time  
by deve3op nt of intensive Irrigation in ttactc adjoining the 
canal. This also creates the 	f*e 	of uplift prospure.s 
radar the canal bed Pressure relief 	provided at 

►May appear 
places of potential sub.eoi3. w.aterbab3,a rUe,jto ho was d# 
but it will be very helpful at sors future date. Those press* 
ores can also be relieved by  providingg Inverted ftltore under 
the bed and connecting them to % system of uader ground drais 
connected to atop walls outai the canal. This will mean. 
high maintenance costs n4 such work Lt the ayotem gets choked. 
up*  Vertical p  essuro rli► ' pipes are, tbore ore , a'rays. 
preferred. if valves are not provided, this has the disadva:. 
tap that during flow of cau4 It acts as a percolation pipe 
partly reducing the advantage of lining. This disadnntsge 
is eliminated by providing suitable one way flap v v* at the 
top of the pipe to that It opens with pressure Zra below  
but gets tttly closed, tmder pressure, head wham canal to 
in f ow. 



Em this ch t 	uiption or ttio a vico nd3 to 
€ v tr rO1n thc ct; C OZ .C&. tu3 oap.y d wtb La gtvcu, d l-: t tall l 9 
ti vc Ion Banc for 	 niflt, 'sox 3,C00 euceca to 20000 
cosecs with a 4cLo rho of 16OQ0 cameo tpto 0O0O c ame csad 
29000 coca ranLe t :matt , , o rscZibod above in part, 2.29 for dta 

craps cc9eding 200Q 'cua ca trpez2& sects 4th xoundod co mexc 
a2 e adflaablo from practical constd3ation o C avoiin too .ax o 
dopthaa k is Section has boon uopted ox the O &J 0 itheui,; the 
etu4 ip j;c texc , In natare end  xZX. 	to4 uoe 	e3clomi g 
ouch Gactioaa for r JDO jest S~ f the data (v the o S olopcc 
and bed D of e) aosu:c1 xoz the p went ct a&j is cis ac pte Lo 
11 a asth cc el p uh icA La the ionj of canal in the t o ?34. At th stain 
U 	it is in the hajathen fltteuhicb , .a the Ru'r at atato of the 
author, This stun Loz` t ger ut dieahr goo has boon tarp } i' the 
p iGa objcetive of aicting egoin d3aiaing the haasthc  

crmo1. at aa tudieo can be condtzcted Lox otbc: x c 'in tions ab a0 
he dhser tion Of the .taaethsn Canal ebongtiitb it salon foutwoo 

has been given in nubaequcut paxo. 
3.1 
asbob 	jJt4 

g zd has f 	it that tiOotex Ea nab cis Once vexdexit 
end zicb. Tho r Lora csbS.ch avo rLao to its onpeviti haves e eorz&Uot 
`C 9 she d z i d the land ro zco d to a parched sacs wasto, This arid tract 
to nou line 4ted by aOnaLc tr2bo  hicb are eo tneo i + the rave 
3 oo th go vat . 



26. 

The Rajasthan G *. project seeks to tr*neform a v ut 
inhospitable stretch of desert land over 326 miles lei by 27 miles 
wise with ezistin population in place as low as on six persons per 
square $ile into a prosperous agricultural region. This very are&*  when 
developsdt  will be populated by two million people. 

The 1taasthan Caul word, has been planned to bDing back 
prOaerity to this .area,, it is being constructed to Irrigate 	 ual3 
an area of about 30 laIth acres (12,10 lakh ctres) spread over a 
gross area of about 60 lab acres (20.23 lakh hectres) on a portion 
o1 the ;neat Indian Desert, situated in the North west of Rajasthan, 
Besides providing Irigation facilities, the aim to to transform this 
desert tract in the districts of ; xig gan 	`g •Dyer and Jaiae3.ser 
into a prosperous fully developed region hza6 with peopie, agriculture, 
industry and co a rse* This project thus opens, out possibilities for 
resettlement of agriculturists p workers$  tren and mery other 
categories of people from outei 	area. 

be rainfall in this area is only no U alp► It varies 
from 3" 	8" in the J4sa ►r District and " to 12" 	Bier and 
Genganagar districts.  The average depth of water in mUs is 250 ft. 
below ground level and in places water is hardy available even at 
MO ft. There is not enough water available even for drinking purposes, 
Every drop of rain 16 carefully collected in pucca shallow wells and 
tanks for the suner. After using up their on store of water, the 
villagers Vetch water from surface ponds, miles out, till they dry out 
odor such conditions ©f scarcity of water, it is evidently not posit' e 
to grow sny worthwhile crops. 

The Rajasthan Canal Pro, ect consists essentially of a 
426 sUe main canal taking off from the ffarike head works at the confluence 
of the autlej and the Seas and of storages on the Ravi and the So4s to 
collect surplus monsoon w air. (rigors 33).. 
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28. . 
acres 1* cu1ttvab3e, Irrigation is proposed to be carried out mater 
in the dS mile belt• to the west of the c 	) following natural gradients. 
on the eastern side, lift irrigation is also proposed to be dolt 
depending on the availability of power.,  

The canal is proposed to be constructed in two stages, 
Stage I comprises of the Ra$estbal main canal upto 	mile 122 and 
distribution systems of the main canal ppto this ,point. 'he main canal 
below mile 122 and all the off taking chile in this reach are proposed 
to be taken up In the second stage. 

The cost of the Rajasthan can Gana. project Including the share 
Cost of the storage dam in the Beal River as estimated vide 1963 
estimates Is I.l84.O9 croree, This comprises of (1) ..45,:39 crores as 
the share of the cost of the Mad pt fleas iink., lard Barrage and 
Pons Dam (t) ?9.43 crores for the work of the let stage and (iii) 
Vs.63.97 crorea for the work of the lirid stage of the project. Due 
to revision in the estimated cost of the Pc Ran currently in hand 
and in► rease in rates of materials and labour during the last five years, 
these figures are likely to be revised upwards. The above amount also 
includes a sum of about fis.3?,50 crores (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 throw which the 
ce al film's* 

The Stec I which was earlier proposed to be completed 
by 3969 is now proposed to be completed by the year 1971.72 and 
Stage 11 by the year 1977-78. 

he total production of various crops an the full 
development of tht; Rajasthan Canal project (Stages I and 11 ) is 
estimated as 21.6 3I 	'tons amounting to [323 crores.  



The present annual food aDflcit at all Indialevel 
Is est1ated at 100 lakh tans. It fiU thue be seen th&t the Rajasthan 
Canal alp would be able to meet at least 35 to y'" of this deficit 
on Null ive3.opnt of irrigation# With inproved anicu1.tar . 
practices and use of hybrid Ada,, the productionwould increase 
cons .d rably and in that cast this pro eet itould have the tapacity to 
cover upto 4  of the comtry'a present food deficit, 

33,3 	ci 
The Ra4Utbafl C al (inclu4in the at+ r in Its entire 

length) has been completed in a length of 182 mamas and work toin 
pro ;pees Lor another 32 o e s below this reach. The Naurangser g  Rawat 
sax', zoravarpuira, IChodavaLt d tributaries and auratgaxii branch have ir 
already Wen tom a d. work is in progress on the Anap arh Branchh 

ay stetu sardariuli, Kbudiflp chuii and Jesb1iati %strUat$.sa. 

Since increase4 supplies are now ezpected as 1a asthan' 5 

share of Indus Rir waters accord1n to the ateat water st dies 
there AU be suficiont water for taking the cam Opt* Magarh in 
Jaisalner strict as originally ally Mnna 	urthero it Is also possible 
to .give soak water for improving the water allowance in the existing 
Gang Canal and Uhskra Cam systems, 

The aaastbafl Canal project is a national pro, act and 
to meet the food deficit of the cotmtry as a whole it to essential to 
have tt completed as ear i' as postb2e,. 8oira of the important canatdar * 
tIone ustitying the t king up of the project on a top priority basis 

are as under xi' 

(a) tder the Indus water Treatr no waters Of givers Ravi 
and Eou need, flow to pakiotaA after 31st March, Ida, 
In addle # winter eupp4iea which are at present being 
"ad to flow to Pakistan are being grade  vttJa*avn 



from the year IN?. Advance coriatruction is very necessary 
for the utilisation of these waters 	which are being 

do available at such enormous cost to the cotz try, it  
this is not done these waters would keep flowing Into 
Pakistan 	mec.ssarily, 

(b) A so of it 6,20# 	(~6110 crores approximately at 
present rate of exchange) would have been paid by 
nnd14 to Pakistan for obtaining rights to use these 
suppliesIndia. 

c) The large Investment made on Pong Dam which is presently  
estimated to cost 	330 crores will start bearing 
real fruit only when large areas are Irrigated on the 
Rajasthan Cam,. 

(4) Est sU of the area in the project is iicccupied and 
large numbers of people can be settled In this axes. 

(a) Area commanded by the Project borders the boundary between 
India, and Pakistan and the development of 	the area will 
create a prosperous region, which would be a good 
buffer for any untoward activities by Pakistan, The project 
has therefore a definite defence value for the country. 

(*) Nothing grows In the area at present which has rich 
potenttalit es* The estimated produce from the area is 
27 1aIth tons and the value of the agricultural produce 
will be Rs.123 crores per year. 

g) in addition, there would be Inumerable indirect advantages 
and benefits both financially And socially, e.g. drinking 
waters establishnent of new Integrated communities  from 
differentarts of India r planned 	 urban d ed rural and urb 	develop- 

id long term beneficial a fects on CLGri a.,Le an 
It is# therefore, of utmost Importance in the Interest 

of the country that this project is completed as replay 49 possible# 
It one vlsuallses construction work going on in a desert 

(where there to no water even for drying) where temperature ranges 
upto 125' p and where dust Fills the air much of the time, one can 
than appreciate the extreme diUicultiea under which the project 
to being executed* 
3.1,E8 	t IIGATI sç 	to 

The question of providing Lift .irrigation on Rajasthan 
Camel project have been under consideration and different alternatives 
have been investigated, from time to tom. It has now been finally 



oeid.d by the Oevernsent to construct a Lift eh el of 600 to 
600 cusecs capacity from mile 48 at aasthan Main canal upto Bikaner 
via 1u k,sranMr. Besid s providing irrigation facilities to an 
area of over I 	acres near about Lcskara ear and Bikaztor it 
w.ili provide drinking eater taC*litiCS to the age long water scarcity 
aftecte d areas along its route upto Bikaner, 
3.1* 	 to 

The intensity of irrigation was ortg t ally fixed at 
78%. with the availability of additional suppUes and less 
cturable cocmandod area In the z4ddle reaches of the canal than 
earlier envisaged d t has now beendecided to increase the intensity 
of irrigation to 0%. 

It has further been decided to 1100 all tb branches 
and diotributar1ea of the system at an approdaate cost of %,28 cruz1e , 
The intensity of irrigation i.e likely to be increased to 11$ due  
to saving in abs r'ptLon losses on accotof l4nin4 of the cbane1e. 
33 	 10 

with such a large expenditure on capital works to 
ensure perennial water supplies to the iiajastbau canal, It ra ll be 
appreciated that it is of paramount Importance to save as such of 'bb' 
costly water as possible for actual irrigation and preventing its waste 

by seepage in the cam. This is done by lining the Coal*# and 
although the Initial cost of "wing is heavy, it can be fully 
Justified by the great saving it events produces* 

Let us study the ease of the taaethen Cana.,, The factors 
primarily influencing seepage are the quality of 0011 through which  

the camel rte, the wetted perimeter, and the depth of water in the 

canal. It has been estimated that seepage losses in an unlined canal 

running g t ough soil of the type found in Western Rajeethan Is at the 



order of 8 cosecs per matt. of Trotted area. it this rate the tom. 

loses in the rotom would be about 5,000 ousecs, since the capital 
cost p.; cucec is about 1k. one lakb the Ineffective investiont would 
*motzt to lb,, 50 crores, 

The recently constructed BhWa Canal System has shown 
that a ousec of Water wili 'irrigate about 200 acres in Ra4a thsn. The 
with# 50000 cusece saved, an additional I lUon acres would be 
brought under cultivation yielding 3,500O0 tons of food ,groins 
iflns3-y I valued at Ri,14 crores. ?utherrnore, taking. a conservative 
arse ant it.*..10 Per acre for water and land tazee, the revenue to 
Goverment from ,4d .tai. cultivation would mount to , I Crore. 

irom the,  foregoing it will be seen that ining a 
canal Is a thorougb3r econoidc proposition. Iornal , the value 
of the water saved and the lower operatic. and ?aintenance  
expenditure should in themselves lves ust r the adoption Of . ining. 

These cmsiderationa led is R astban Canal Board to 
decide to line the entire length of Raastban Main Canal i►cluding 
Rajasthan f'oedir. It has recently been decided by the Rajasthan 
Canal Board to line branches and distributaries at en additional cost' 
at I. 28,00 croxes.*  
"3*3 . 	AMA 

salt features of the gal aathaa Canal are as bolov ** 
(a) Gross commanded area 
(b) Culiurahle commandedoa,.. 

(c) DsObArP at Head of the 
Rajasthan Pea d.r. 

(4) water allowance. 
(i) Non perennial stage, 

(it) perennial stags,  

19.36 3akb acres, 

36,86 1." acres* 

l8t500 cosecs. 

8 cases per thousand acres 
at die bead, 
3.44 cusecs per thousand 
acres at disc r heed, 



(0) Total area WAUAW irrigated. . 	28.75 lakb acres. 
(t) Length of 'eeder, 

p+ njab. 	 U0,8O m las 
In Rajasthan, 	 23.2 miles, 

(g) Length of main canal 
Rajasthan) 	 291.8 miles. 

(Ii) Length of branches (discharge  
exceeding 360 cuseoa, ), 	 520 miles, 

t ►) Length of Distributaries 
(di.scharge less than 360 cosecs). 	3,400 piles, 

(4) Length of water coarsest 	 4000Q 
(k) pull supply depth 

(1) Rajasthan feeder In ptrnab. 	21 ft, 

(ii) Rajasthan .feeder at 
pttniaM ajastban border. 	21 ft4 

(sit) it ter 	 15 ft. 
(l)tk* Bed width 

(I) Feeder in Pun3ab(l ed) 	1250  
(it) Feeder at punjabjajasthan  

Border, 	 134e 
(ill) At tom. 	 ' 

(m) Estliatcd cost 
(a) Total cost# 	 J5.l84,49 cores, 
(b) per acre of C.C.A. 	 «00,00 

(n) $u Financial, return on 
capita.(Irrigation ). 

(1) 10th year after completion 
(excluding development casts ). 5,.06 

(ii)l5tb year after completion  
(excluding development costs), 6*91 

Shri. Kanvar Saint Ez-Chairmant Rajasthan Canal Bird 
Vited some eminent and experienced engineers and Research workers 



-` 	Mr 

for discussions on the necessity, the merits and best type  of l Ong 
for the Rajasthan Canal and a pup meeting 	bold on ?th and 8th. 
Pebruary, l95. 

The niain I.dsa of calling this Conference was to have 
the benefit of the experience of aunt engineers on the best method 
of tackling the problem of lining of the canal systaci. The group 
discussion was  va divided into four sap heads so that the daliberhatione 
were focused ob4ectivcly. These four sub heads were i- 

1. Necessity of lining, 
2 coefficient of RU6Qsi y 

3. Type of lines. 
4 Slopes. 
A WIGS review of the liberations L61 is given below$** 

All the participants were Of the opinion that the Rajasthan 

Dr ' pal starting the discussions rsgard1n& coefficient 
of rugoolty brought out a lot of statistics on the basis of 
1abotory and field experiments. On the basis of extensive ezper .enco 
and 120 experiments conducted in the laboratory had field for the 
determination of coefficient of rugosity for different types of 
lining he revealed that whatever be the type of 3in1a , vbether tile 
lining or concrete lining the coefficient of rugosity to not much  
different, Flow in any canal Is such that very tine material,, Atoka 
to the sides#  The type of lining and the dap*ittOn of that materia 
give together the rugoelty coefficient. The results actually obtained 
on the baste of measurements for different tape Of lining are as belows- 

Fart .lin1ng 	 0.021 
TiLe lining. 	 0.0185 



3.0 

Cent CcCeret.(1s3s6) 
Cement sand mor tar. 0,01+5 (Cod Jondition), 
it bad been observed that the cement ccncrste lining 

cat trusted In field es not gnUicanUy have a bier rugostt 
Coefficient, It is the brick In cement mortar wbicb giv the lover 
rugosit 1 coefficient and not the concrete, in practice a value oX 
0.,O,4 4s USVCr bbtaIe4 in the field# Also whz► water its in the 
chamois sone abrasion occurs and concrete losses fir particles, the 
coarse particles  rem behind and 	the surace rough. this is 
a disadvantage in the concrete which Is less 	sand w it h 	bear 
but it Is there4 it 10 absent In tie lining. 

Mr Sidahu opined that the nab coefficient  of 
ruosit3r of bricks and tile, lining with ordinary brick* and tiles 
Can be tin as 0012 but with cozpressed tiles at US top it is 
eipected to iv rove etveen 0.016. and O,02?. Due to ds$a8e of Hav 3& 
canal wings ngineers felt that the design value of rUgo*Uty  
coefficient should be fixed at a s gure likely to be actua obtained 
user working conditions i,e &  deteriorated 1inIng# sand on. the bó etc 

3t Lqi1 to 
'* F expressed his strong  opinion in favour of brick 

tile lining which has Stood the test of tie. The two Most Iaporbant 
aspects in selectIng the type of lining are its loperriousneu ► and 

its cost, in both those respects tile lining Is superior to concrete 
lining, while constructing 	Eavebi and Bb sa canabs sU the 
i*pOi?t$flt points were d .scuss®d nd it was considered that the lining  
is such better. The tiles in themselves are not impervious. It Is the 
sorter in Wtoon which provides watertihteess, Its thickness should 
be abort 5/  ire is a ban mortar of 3/99 before laying the first 

layer of tiles, 
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(1) cols j .Jin3H 
It comprises at two 1s375r8 of tiles with eend'wich cement 

plaster laid on a properly compacted subigrade. The plaster checks 
the seepajo and the tiles serve as proteotirn cover for It. The total 
thickness of this type of lining is 0.44 ft (5.25") obtained as 
described below end is shaia in. Figure 3.3. 

The procedure for construction of lining is as 'Delos ,• 

(a) Layer at 3/ thick cent sack mortar (1t0) on 
the properly compacted subu.gradgr, 

(b) placing of first layer of 2" thick tiles on it in 
(1:5) cement sand mortar. 

(0) Laying  at 5/8" thick (1*3) cement sand mortar on 
the bottom firer of t esp and curing it for 48 ire ► 

(d) L&y'ing of 1/410  thick (1:3) cement sand mortar on 
the plaster*  

(a) placing of 	thick tiles on Its top tw (1*3) 
cement sand mortar. 

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

Zn this cases the cement plaster is dons on single layer 
of tiles laid on the fir compacted sub. a . This is cheaper, than 
double tile lining0  The total t.}icknese of this type of lining is 
0«26 ft- #(31M) as cscriba 4 below and shoun in figure- 3.4, 

The construction of this type consists of the following 
step a . 

(a) Laying of 3/80 thick cement sand rtar(l:5) 
on the properly compacted mob grad*,,,, 

(b) placing of a 3.'o* of tiles 211  thick on it .ln(1s6) 
cent sand mores. 



- 

t u) Laying of 3/49 thick cement eand plaster (1 *3) on 
the Wirer of tiles. 

This Is adopted for lining the iced of the owl, 
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AS described in 2. , it is advisable to use trapezoidal  
section with roLdsd corners for discharges OZCGO ding 2000 cusees 
and the saw has been adopted for tbo detailed study * The coat per 
Rft of canal for discharges ranging from 3,000 to 20,000 maces 

(Fig. 2.1) 
has been worked outfor both the oircul.erL and trapezoidal sections 
(Fig# 2,8) for balancing depth of outttng and it is concluded tbiki 
trapezoidal seetton is economical compared to circular one for all 
the discharges ranging from 3,004 to 20,000 uusocs, which is clear 
from table 3,1, statement of cost per Rft of canal for circular 
section for discharges ranging from 3 010 to 20000 cusecs is given 
at table 3.2, 1ence the trapezoidal section with rounded corners 
has Doon adopted for the detailed sttt . The section adopted is hon  
is figure 2#6, 

3.5 X s 

The unit rates of earthwork and Uning v'or depading 
on the locution, shape of canal section and availability of materials 
The analy eta of rates of single the lining In Dod and double tile 
lining on side s1opcs have been given In appendices III and XVt The 
analysis is based on the average lead of materials and average 
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1 20,000 228.38 238.83 8045 3,17 

2 18,,000 2A80 326.88 8,35 3,08 
3 16Q00 20.00 215.74 1.74 3,51 

4 14 0OO 190.56 208,92  7.36 3, 61. 

6 3.20OO 184,62 19142 6.70 3.50 

6 W,000 m.45 MOQ 6.05 3.41 

7 9 000 16403* 170.02 5,90 3047 

8,000  86 16239 5,75 2*54 

9 71000 349,40 153.4? 6.01' 340 

10 ,000 U9089 0 8, 3060 

51000 =007 134.51 $044 34 

12 4O00 119,41 123.43 4, 3.20 

1 3,000 107.01  1 	..64 3M 348 
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2 38)000 364 20.22 6005. 1,1491 69*39..3. so.s6 3.,,.69 226.88 
3 16,000 34.8 24.31 5..3 IsM 54,9. .182* 	3.80.tO 215.74 
4 ,000 ,L. 23.34 5.12 3,444 50,54. 174 	x.38 803.92  

6 31,000 31.26 92.90 8.000 1,318 45.96 .36638 345.35 191,32 
6 1,000 29#20.2133 4.fl 112.75 4143. 155.08 336.4?  OD 
7 •,000 28.05 20.47 4,653 34103. 38..54. 3.49.41 =140 170.02  

8 .*000 26.88 19.78 4.519 10020 36.91. 143.50 126.98 162#19 

9 V,000 25.50 19.00 4.306 V s 	,t4; ,85 10.43 30.41 
10 0,000 "40 3.8,19 4,205 863 30.2 , 129.95 U4*36 

0,000 =*lo 17,26 4,01?. 774 . 	.7,o 	. 123.0? 107.42 134.51 
12 4,Q00 go.?0 18.20 3,800 678 23..13, 118.30 99.70 323.43 
33 03 O00 3.8,060 34.95 3.538 . 	. 	'.M 26.3..102.88 90,51 110.44 



conditions. These; rates we generaI4 taken as the current 
tendered rates received for various works on the Rajasthan 

canal In different. reaches. 
The average rates are work out as under arid same have 

been assumed for the de t .e d sttu , 
Earthwork 35 t, per 00 Ottq  
single the lUt 	g(0.26+thick) a►. 60,00 per % oft, 
Double the 3.ln 	g(0. 	.' tick) $, 88.00 per % aft, 

For the adopted, trapezoidal section with roui.4 
corners with 2#1 side slopes, bed alopo(i) equal to hit 7 
and rugosity + fftoient(N) equal to 0#017 full St ],3i  depths have 
been assumed from 5' to 356  at Intervals of 5', For each assumed 
full. supply  derpt * discharges era calculated for different bed W14" 
varying from 10 ft to 900 ft*  with intervals of 10 ft upto 100 ft., 
20 ft. upto 200 ft., 50 ft.tapte 300 ft., and then at I00 't upto 

900 ft. such that the discharge with each F.S,D.. works out to near 
20,000 cusecs by using tormula(2,8 The corresponding velocities 
are also calculated, The meet adopted is explained by the example 
given De10vI 

Maw 
Let fu13. supply depth considered(D) 	15 ft. 

eat 
 } width of 	tel asses► 	

ft. 
coefficient of z'ugosity for lined 

tori . (N) 	 - 0.01? 
Bed slope 0.) 	 as I In 12,000  

8149 slopes of the cbsnel(Si1)  
Discharge q according to formula (2.2)  

Q (D±+D(8+)) 	49 8+2D S+ art 	L w 	) )2/3 	! .  



6/3 
(15(100+15(2+~) 

89630 CRsacs. 

VsltCw V 	~. X2/3 1/2 

* &:' )* x 5,2 

4,1.6 ft/sec. 

The discharges and velocities for different values Of 
fall supply" depth considered and red widths adopted are worked 
oat* The results obtained ore platted as two sets of curves - 
1) 'teen discharges and bed widths and (ti) between velocities 

and bed width  s1 for each full supply depth connidred and are shoi 
in figure 3.5. Firm curves are between discharges and bed widths# 
while totted curves are between velocities and bed widths. The 

form 
results are also plotted in a slightly different/(tig.2.6) for 
each given value of discharge carves have been plotted between bed 
widths and full supply depths, contours of equal velocity have 
then been interpolated on these curves, The aphe(fig.2„6) are with 
N * 0,017 and side slopes 2:1 for different dishargos ranging from 
3,000 cusses to 20,000 cusees tQr trapezoidal lined section with 
rounded corners, These Curves are useful in designer a suitable 
section of the assumed shape for air value of N vide instructions 
on the Chart in figure 2,6. Dotted Caves 'ive the velocities 
for different Dad with and fill supply depth combinations. 

3»7 	SIWPLY Pa V/ gop 
As a first step, a study has been maw to nark out the 

most economic full supply depth for the canal discharge r ango of 
3,000 to 20,000 Cusecs, The full supply' depths eonsidred are 5', 
3.0's 2,5' 0 2Q't 25's 30' & 351. For each assumed full supply depth, 
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bed width correeponthg to discharge has been worked out with the 
help of figure 3.84 For each sot of full suppI depth and bed with* 
balancing depth of cutting - IS first worked out. The quantities of 
earthwork, bed lining and side lining Including thatI&mod portions 
are than estimated per ft. length of the canal. The Costs of 
earthwork and lining are then calculated Using the assumed unit 
Mates, and the cost of the composite section to determined, T.ho  
velocity corresponding t4 the sect-ion In also calculated using 
the Manning1  s formula. The procedure is explained  by the øxarnpl• 
given bolow:- 

Lot discharge Q 
Let assumed full supp2 depth. 	 20 ft, 
The bed width corresponding to 10,000 cuseo.s and 

'.s.i). to of 20 ft. from figure 3.8 is 60 ft. The cross-section  
of the channel is as shown in tig. (2.6 ) 

The depth of bed below natural ground level at which 
the oath obtained from excavation In the bed of channel equals, 
that required for tilling in the baeo is *ova aa'balancing depth.' 
It Is worked out as mderz- 

The side slopes of tilling  and cutting are 2:1. 
Lot 4 a balancing  depth of dotting. 

D• r l supply depth*  
C a Free Hoard a 2.5 ft for the stuc r, 
b a Top width of the bank = 34.43 ft* for the stn ►. 
B 	Bed width. 

The area of done1 is neglected. 
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quttity of cutting per Eft. a 242+ j(B .4SD) O.03.6D2 
 

substituting 	 = 4412.18 ft. 
* ice? 	*12. 	►. 	3 Cft. 

The qtlaflti.tiet3 for lining amino 
Bed lining (Single Ui4 lining) SK 40 Sit. 
Side lining including for row e 
corners (Double tile lin .gg) 

= 4.4Dll.2  
z (98055+11.2) $tt. 

a 109.75 st. 

"ts 

 

Costa of earth work and linings per rf , are  
Masked out with the assumed Unit rates as belovi. 

AP T 

Total = r n 
Thus cost per rtt. of canal for IC,000 cusecs cusses for 

balancing depth works out to 	3/.. 1213at1 the cost 
per rft. of *anal tar balances depth for different disáarges 
pad different COflbiflttiOfls of bed width and ,,s.. depth Is woad 
Out* 

e Veloci corresponding to bed width of 10 ft#. and 
F.S.D. of 20 ft. is directly read fro& VelOcity cis ( tt.d) 
corresponding th 2D ft. F.S,D given to figure 1..5 against 
b4 width of 60.ft. and it comes to 4+0 tt./sec.. 



The velocity range for c1.scbarge between 3,000 to 
20,000 CU OS With assumed range Of fuLl supply depth t+!s 6 ft 
to 35 it will be between 2.304 to 5.ø'i6 ft/sec. 

The results of 	st stuffs for the discharge ranga 
of 3,000r 20,000 ccisecs for different assumed D'*s.D(s ere sboe  
is table 303 and figure 3,6 

Those crams show that the most ccc. ,oica3.uU sUppl' 
depths for different discharge ranges work out as belay 

Discharge range(C sOcs ) 

18~r 	Q W 200 
10,E -3.8,000  

100000 

3,000 - 	5,000  

Economical ► F.S D, ft. 
so 

25 

20 
3.8 

U is realised that it would not be possible to adopt 
an alignment such that balancing  depth of cutting is availsat* ever7 
where, 	fact deep cuttings and high trnlngn will have o be 
enco* terod even in the most suitable al1ment. It is therefore  
ne ash to Consider the effect of variation in fell supply depths 
for different cnditions of cuttings and fillings.  This o to has 
been done for the Sam disCharge rye Viz frorn 3,00020#000 
eusecs. The 1u11 supply depths +ouei 	d are 64 9 10', ' a 20's 

30 
25J,(& 35' or different discbargea rases n 3,000 to 20,000  

cusses,: or sab assumed full supply depth and propose4 discharge  
bed width, and veloci# ,r are worked out tree the curves  n figure 3,5, 

The values of full. super .level . us natural surface 
level 	,~ X#SoL.~ 3 ccmddered era 30',25', 2Q' * ', ', 5', 
0 ("8'), ('40'). (°45') (i20), 28') and (.3O') 
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the gosilnatt ns of full suppI'` depth and bed 
width corresponding to different discharges. The Yaristio4 in the 
range of (F.s..-N'.S.L,) ccasidsred is such that it COVers practi. 
ca the sates range of cutting and tilling orb can be usual 
encoirtere 4. 

The costs of earthwork and both i trgu per rtt ha 
been worked Or each case of (.s.Lo N.s.L.) correaP  ding to 
each bo4 width and full suppl 	pth combination for the adopts  
discharge range 	se are then added to find the cost per running 
toot. of the composite section in each Carp, 

Conatdering the same example of l0s000 cu es 4tscbargi 
46 above. 

Bed width 	 =60 ft. 
`uU supply r pth 20 ft. 

Considering three mss. 
(1) N.1.L. above 7.$.L, 3.0. 

j 	M 	►it 71► 	!A 	M~ i r Oft. 

(it) N oS*L 	below `. 	L. but, above bed level i.e.  
(F o► 	.L. 	► N. 	«L.) 10 It* 

.Lit) 	,S.L. below bed loo. 
_,,S,L 0 30 ft. 

The tout of lines per rft i.e..single tie lining 
and double tile lining will remain the seine in all the three cases. 
The onl► difference will, be in the trot of earthwork. The cost 
thew cases has been worked out in the following table. 



—~L ~+tF NYM n1Y1. NQ M .00 =  

1. 

	

( 94I 	)25 2 2,9w? 104 

M 	20 
2(34.43+2 2.5)12.,5  j  

err 	are ~wr .wlr  
w 

Lie 	 To 

AM ► L Ow 

O} 36 10$.76 

or 
89.4SiilO = 895 
(Greater of two)  

3. 	30 
2(~ . 2O)10 

2(34.43+65)32.5 

1,486 51 6D 36109.78 97 184 

6 	243 6o 36109.75 	376 

per the cost of Cana per rft calculated in three  
different cams of (F.s.L,,N.s.L•) equal to ' ,l0' d..5' and 
balancing depth of cutting o 12.18* ..5;N.5.. 7.82' )., It 
is seen that cost of cw- per rat.. is minist for balancing 
depth of cutting i.e. . X73/- per rtt. B,it it is not possible 
to obtain the all, 	eat such that balancing depth of cutting is 
available  at all places.. Via. such cases the all 	nt is to be 
laid .ceder dterent conditions of natural surface lvels and 
It pos ,ble; . the most economical of the three alternatives is 
to be adopted for aligning the c1 ,. 

In order to have a reay rater of cost per nt. of 
Baal for different conditions of (F,s.L. .a.L.) vying frca 30' 
to (40t ), for each discharge the cost per Ott. has been worked out 
as explained abov* for different cobinaticns of full supply +d pt s 
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and l ►d widths. U a sample the Zeeults for *discharge at 100000 
cu ees are shown in table 3.4. 

The (F.s.L.. i .~ T.. values for each vat* of 	D, 
are plotted against cost per rft of 	order to obi F.S.D. 
curves for each discharge ranging from 3#000 cusses to 2OOOO c use ce 
which are ca in figure 3.7(U)XI) to C14WO 3.7WW (dU). 

or e disctharge, froit P..D, CLWVOS the economical  
F.s.*p. corresponding to di `ferent values of 	 can 
be obta.tnd. As an exasp3aoat economical `.g,p.. for the range 
Of 	N.S.L) studied for discharge arge lOS } is given in a toot 
note below. tdb! 3.4 

The P.S.D. values for each vale! of (?.s.L.*- I,S.L. ) 
are plotted against cost per rft. of Cam. in order to bbtaia 
( `  	►. N.5 L.,) curves for each discharge ranging ties 3O CO 
acs to 20#000 CUBecs which are shown in Zig.. 3.? (B ){ ) to 

8ar3 for each dtscbargv from 	.«► N..L. ) 
oars the position of the a d relative to E.8 . giving greatest 
econci can be obtained and a note regarding this is also given below 
table 34for lOOaO cusecs, Obvious this would be that pth which 
1a moss± tee balanced earthwork, 

Zn so *w cases economic F.. dop a as determ1nsd above 
are not suitable as their corresponding bed widths are *van lees 
than the ?,gas depths* This is un4sirab1a box practical 	sid*ratis 

Thuø from the present stu of 	N..$.L,) and (F.$.D. 
V/e cost per rat of canal it is possible to slay at a glance as to wh 
particular full supp ' depth is mot economical  correspenc g to a 
given (F,s +L. -* 11#840 value for a given discharge, S jm arli 
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7&.LE  34  

Di i ibe i 
low E 8.L. 

(TO Qty 	+m V 

1) .8 J+► 	4B) 2. ' QeirocireF V .?461/8ec* 

a 34 6586 231 22,78 14 134.38 -8 30 
b 25 4919 172 22.75 14 134.38 118 304 
0 20 W4 3.25 2278 34 134,38 3.18 251 
4 15 2430 as 22.75 3.4 134.38 1.8 21? 

10 1486 52 22.75 34 234.38 3.18 I" 
5 1492 62 22,75 14 134.38 118 3. 
0 2115 74 22.75 14 134038 3.18 206 

h 28 99 22*75 144 34.38 118 233. 
1 ? 3661 128 22.775 14 134«38 118 260 
1 -15 4584 160 22.75 34 134.38 118 292 
k 20 56(W 196 22,75 14 134.38 3.3.8 328 
1 -85 6730 236 22,75 14 134.38 118 368 
Zn .30 790. 278 22,75 14 234.38 118 43.0 

)60.' Vg1oettv 

a 30 6968 243 60 36 109,18 97 376 
b 26 216 1 60 36 109.15 97 315 

20 3674 126 60 36 3.09,75 97 268 
4 13 2400 as 36 109..76 97 23.8  
e 3.0 1486 52 60 36 3.09,15 97 3.85 

6 3i99 62 60 36 3.09. 78 97 18 ► 
0 2W 76 60 36 109,75 97 209 

b .5 298 104 36 100076 97 237 
1 -10 389E 136 60 36 109,75 97 269 

-3.5 4882 3.7 60 36 1 0+ # 5 97 304 
k .20 5979 209 60 36 109.75 97 342 
1 •25 7177 253. 60 36 109.75 97 3" 
* 4 8474 306 60 36 109*76 97 439 

3 15 t j.{B 	205!iVo1octz  

a 30 7931 278 120.15 72 85,11 76 425 
b 26 8998 210 120.75 72 85.11 76 357 
a 80 4163 146 ' 120,75 12 8531 75 293 



d 15 2430 85 120,1572 85* 	. 7a 232 
• 10 1486 52 220.75 72 8631 75 3.09 

5 1479 52 124.75 72 85,11 75 
g 0 2368 83 3,20,75 72 $ 1. 75 230 

•5 3367 US 120.75 72 85,11 76 265. 
oU 444? 156 120*75 72 853 76 303 

5 5636 197 120075 72 85,11 15 344 
k .20 6925 243 120,.75 72 8541 75 390 
1. 25 8314 293 220.75 72 85.1 15 438 
m 3Ø 9804 343 12075 72 85.11 75 490 

4 ' )JS' e c . 
•a30 30973 384 156 60*47 53 593 
b 26 	- • 84" 296 280,25 1561 60,4? 63 508 
0 20 602 .213. 260 156 +60,4? 53 420 
d 16 371 3.30 260,25 356 0,41 53 . 330 
a 10 1485 52 260,25 356 60.47 53 261 
t 5 ? 48 280„25 3.56 60,*47 63 26? 
0 0 2865 3.00 260,26 156 60.47 63 309 
h .•5 3.55 260,25 356 60,47 53 364  

.4Q 214 1 260.25 156 60,47 53 423 
j 0. 5 7887 V6 2614,,.25 166 80,47 53 7485 
k 0 9765 332 260,,26 356 60,4? 53 54 
3. 35 3,3,743 43.]► 260,25 156 50,4? 53 620 
a 3Z820 484 260.25 3.56 60.4? 53 693 

note:- Zt can be conclm 4 from these curves that 
( .) tu. supp depth of 25' is most econ c for 

the range Q 	 )trod# to 300 ; and 
(11) greatest econo is achieved when the ground 

level is between 6' to 20' below ftl1 aupp3i level, 
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for a particular P.S.D. and for a given discharge it is possibl 
to dater 	the most s+cno*d.c L F*S,Lo is relation to the level 
of the natural grotmd egos,, ', . curves prepared are thea rsa4y 
rays for  the design engineer for deciding  the fu3.l- supply.. 
depth of a c cs 	. for a given discharge, and than its alignment 
for greatest ado,* 

3.9 

The above two studies were Made with 5 ft. interval 
in the full supply dept , and the 	. .« #: 	values. Via. 
the 6 ft. interval stu for each discharge a conclusion for 
approximate economical . full supply depth and .ro d positi 
which gives aiim cost per rft. is dram For more aceurate  
results# a closer interval of I. ft. Is taken. The above two stizdiea 
for a range of 2 ft. to 3 ft. on z ai r side of the full supply 
and p. •-► 	.1 con .ether to. be econoaical in the sandier 
stu4Y. 

in this case also# 2br each full supply depth considered 
for a particular discharge the bed width and veloci1y are worked 
out from the tomes given in figure 2.6, Tb. balancing depth.is 
then calculated using equati t (3.3) for each tau supply depth and 
corresponding bed width. The earthwork & quantities of both the 
linings per rtt. are then estimated for the balancing depth of CUt- 
Ung and other considered + `, .. .s. 	'Values Corresponding to 
the paltictal8r set of bed width and full supply depth combination.. 
The Co5-E of 	iengrn. of Csne--. age Uoykedl ô -- r-S 6fu-2 . 
The r su.taobtained are plotted between ('.s4iuI.5.L,) & cost per 
rtt, are shown separately an figures 3,7(A)(I,) to 3.?(A)(ziii)45 
a sample the results for a discharge of 10000 cs..ar shown in 
tale 3.6.. 
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STAM MM OF COST PER Rix OF CANAL ?OR 10,000 cussc3. 
3. .S.L.- Costr rft.o çn1 	 om 
No N.84. Eaiivor1 	Single Ue 	Daub e 

I* 2a 3, 4, 51 6. 7. g+ 	9... 

5 1492 82.22 60 36.0 109.15 96,58 184,80 
b 6 1365 47.78 60 3600 100.76 96,58 11).36 

1 1241 43.44 60 36.0 109,76 96.,88 3.76,02 
d 7.82 1138 39,83 60 36.0 109.716 96,58 3.72.,,41 
0 8 1164 40.74 60 36.0 108476 6*58 3.73,32  

a 5 1487 62.05 51 30,60 114„68 100.92 3.83,6? 
b 6 1364 47,74 51 30,060 114.68 100..92 1700,26 
s 7 1246 43.61 61 30066 114.68 100.92 175,13 
4 7.84 1143 40.00 51 $0.60 114.68 100„92 321.52  
8 8 3.164 40.14 53. 30,60 114,,68 100,92 3720 

6 1491 52.19 43.26 26,.96 119.81 1.05.,25 3. 83.39 
b 6 ivy► 47.99 40.25 25.95 119,61 105.25 179.12 
C 7 1256 43.33 4326 25,96 119,63. 3.05.28 176.13 
4 7.089 1150 .* 43.25 25,95 1,10.63. 105.25 171.46 
• 8 1164 40,74 43.25 26095 119.61 105.25 171.94 
t 9 1321 46.24 49.269 26.95 119.61 108.25 177,44 

10 1486 62,01 43,E26 25,96 119.61 105.25 18.21 

6 1492 52.22 36,0 21.60 124.63 109.59183«41 
b 6 1375 48,3.3 36.0 21.60 124..63 109.59 179,32 
c 7 1262 44„17 36.0 21.60 324.53 109.59 175.36 
6 7.93 1166 40143 36,0 21,64 124,83 109.59 171.62 

o 8 1164 40.74 36.4 21,60 124.53 109.69 171.93 
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. . M , , 3 1. 

4+ 4 '26tL i4 t,  

1494 52,29 29.25 17,55 129,46 113.92 183.76  
b 6 1379 48,V 29„25 17465 129.46 113#02110.74 
C 1269, 44.42 29,.25 1?, bS :12.46 113.92 X75,89  

4. I m 1160 40.80 29.25 17.55 129.46 1 3.92 172.07 
0 8. 	' 1164 40,' 29.25 1755 129,48 113.92 172.2].  

l~otei* it can bo conduced from these cuxitec that 
(1) Lull supply tepth of ' Is most economical l 

for the 	ge o 	. .L 	5' to lot; and 
(U,) gçeateat econo is achieved w1 en g,'ow d level 

isaboutbelow Lgll supply level. 
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Similarly  ice sults are plotted between F,S.:D. and cost per 
rft. of canal. for each considered (F.3.L. - N,S.L.) and 
for each discharge and are shown separately on. figure 3.7 
(B) (3) to figure 3.7 (B) (xtii). The preparat .on of these 
curves is best explains d by taking an example. The example 
is taken for a discharge of 101.000 cusecs. 

From the F.S.D. curves in fLgure 3.7A (viii) for 
10,000 cusecs it is concluded that full supply depth of 
25 ft, is most economical for the range of (F,3. i.S.I • 
30 0 to -30'. Similarly from the (F«S.L.-I .S.L.) curves 
in f .~.gure 3.7.8 (viii) 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. is minimum for 
balancing -depth of cutting, 

The full:, supply depth and (F.S.L, - i.8 .L,) cons. 
dared for 2. ft. interval special stud are 20 ft. to 25 f to 

5 ft. to 8 ft. respectively. 
For 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 P ure 2.6 and are as below: 

— . — — wry w — — 	—. _ w rl 	 I — W 9W WIC ili WYI 	M ~4r F,S.D. 	corresponding a 	Yeloci y Balancing depth 
width 	 from equation(3.3) 

J*101 _. . .r - rr (f) - ... 	. rr 	dig&' CAL . _C 	.- rw 

it —  — — — — y~ — o. . . —. . . rt~M3— . — _. — am "W*~- — — wry 400 ~ 

20 60.00  41600 12.18 

21 It. 	51.00 4,638 13.16 

22 43.26 4.674 14.,1. 

23 36.00 4.708 15.07 

24 29.26 4.726 16.03 
A 'A 1 	_~rJ" 



The earthwork corresponding to (Fg,Lr1I 84 . ) 
values ranging from 6 ft. to 8 ft. including the balancing ng 

depth are worked out for each set of full supply depth 
ranging fro* 20 ft* to 25 ft. and corresponding discharge 

for 
and cost of earth work worked outAeach sot# Cost of ring 
vUl remain constant, The cost per rft, of cam. Is t 
worked out for each (`.5.L 	11.S„L.) value conairo44 
The rdsulte are shown in table 3,5. The results are plotted 
and shown in figure 3. 'A(vii.i) giving F,S ,D. curves and 
3.7B (vii) gives (F.S,,L. .S,L.) curvaic heading 
special sts ' with I ft# intervsi,. 

For each discharges from F.S.D. ' curves the most 
economic F.s.D. corresponding to different values of (P.84,.ø 
N.s.L.) can be obtained. . For an example considered the 
most econmnical full supply  depth as obtained fro* F.8..D 
curves is 22 ft, for the entire rsige of (F,,s,L. .S.L, ) 
61  tea tot * Thus for 10,000 OL1se*s the most economical . ?.S. . 
is 22 f t, The conclusion for the most economic F. S.D. for 
the range of `, . t * *L. eonsidsre d is given as a ioot4* 
note below table 3,5 for 10,000 cusoes discharge., 

As scribed above the most economical '.,$,D. for 
each , discharge ranging from 3 000 to 20,000 easees and come.» 
sp ring position of ground relative.  to F,8,L, are.  obtained 
froze the figs 3.7* (i)x tigure 3.?4a)(xiit)  and figure 
3,7(B) (1) to figure 3.7 (B) ( ii) re spe ctivel . Thane 
results showing the most sconorical F.S.D. carresponding 
to each dlssb,rge and respective ground positicsi with rce 
poet to p.S,,,L. area sIioiz in table 3.6. The tam also 



ii: ap- 	wr go .  !.L L c «. 	AIM 'm 

E e -X.8, L. x 	. gat ".$.b, Width 4# ' t 	. depuL 
. *0 0y 	11rk MW 	. #0 wo go 	s 	- 	+~lii ~Ilfl~ 

tMM +  

) _ 	

- 

	W1I +111 - 	Myll - li 

1 iMY w~ +YI► MR A Nlllr 	ow 

,► 3,000 4 V.50 3,48 10. 3.8► 101.01 
$ r 4000 Is 27.16 3,734 3.1.,55 4.4.. •►9.4Z 
3. 5,000 3" 33.0 3,233 1.g 6.# 120.U? 
4.. 6,000 6.8D 4*1 12*92 M8 39, 

5, 1,000 39.50 4.2 #62 6.38 248.40 
6. $ 41..25 42 2.340 6496 3.56.44. 

1. 9,000 21 42,60 4.552 12.59 7.4.1. 2$4.'12 
at 1.0000 23 43.35 4.174 1442. 7,89 1171.45 
9.  22,E 23 50.50 4.87414.. ` 8.73 1.8 62i 
10.  1.4,000 25 	. 4840 6.084 x.48 9.52, 196.54 
U. 360000 V 4,$5 $9278 3.6.73 2,0.V 208,00 
12.. 3.8,000 '' v.00 5.402 16.00 10.91 212.53 

0004 '28 SQ.oQ 6*40 2.8.52 21.48 238.3a. . 
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contains the canal di nsion such as beci vidth t d voci 
and the cost per r 't. of ca rte3. corresponding to the most 

economical. p. S,D, The a cvnomic al ?.$0D. v s conomical (F. S,L.' 
* * S,,L.) and cost per rgt, of 3. aro plotted against dis.► 
charge In figure (3.8 ), which Is thus an abstract of the 
earlier computations, 	, 

With the help of these . curves shown in lure .8$. 
it is possible to find the most economical full supply depth 

for an 	given dizicharge by reading the ordinate on economical 
full supply depth curve against a given discharg , These 
results are for the assumed unit rates of earth work and 
lining#  bed slope of I in 121000, side -Z slopes of 2*1 snd 
rugosity coefficient of 0.01? in moaning's for tsia, if any 
of the data adopted for design changes, the stut can be 
repeated to determine the most economical F.S.P, in the saw 
manner as the ratios between rates of different items of 
work arEiikalr to vary greatly, the present results will 
be useful for appra imate estimation in other projects also.- 
However )  for accurate results, the procedure veloped here 
could bø used for the actin prevailing 	t rates%  or 
other conditions, 
3*10 

In the above studios the variations of ground 
position corresponding to F#S„L, were considered for a p 
tiau ar bed slap. Now under this stud the most acsaomtcal  
bed shape has been is terms ne d for each discharge ranging 
from 3,000 to 21,0Op awes and corresponding most e 
cam. F,s*D. is datedd„ 
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por this study k d slope, ranges considered are 

frost 1 in 12,000 to I in 3,000 with an interval of I In 

1,000. For each discharge bed slopes considered are f^ 

I in 121000 to such value for which velocilV in the cbannl 

may not exceed 6 ft./$eo,. which is the permissible haLt, 
of velocity in the lined chmelu. 

For each discharge, full supply depths in a range 

of 2 ft* to 3 ft« on either side of the most economical jP.$,,)• 
as determined earlier are considered. ¶he bed widths * cos,• 

esponding to each considered fully supply depth are deter•. 
mined for varying range of bed slopes such that the velocity 
in the channel may not exceed the permissible value of vs 
city in tile lined channel, por each set full supply depth 
and bed width, balancing depth is first worked out using 

equation (34). The cost of the composite, , section per 
rft« is then calculated as before* The velocities correa 
ponding to the section - and bed slope considered are also 
calculated bq using atannings formula. The procedure is 
explained below by an example& 

Lot discharge Q 	= 31000? cosecs 

Lot asau~d full 	a 22 't. 
Supply depth (D). 
Bed slope considered (i) 	3 In 10,000  
The bed width sorreaponding to discharge of 

104000 Ctasecs for assumed full supply depth of 22 ft., led 
slope (i) taken as 1 in 10,000,coefficmt of rugosity 

(N ) 0.017 and side slopes (S:1) 2:1 ; is determined using 
formula (2,2) as belays. 



Substituting the inoim values of 098,N pt & Q 

or io 9000 3 (22(B+22(2+26/S?.3) )51  
(E.44(2.26,67/57.3)) 2 3 ~l '~ t~0O~ 

or 	= 22 (B+54,.2)  
0O S M- 	 3~+lO804 

This gquatton can be solved by trial and error 
for the value of B. It is totzd that 9 38.26 ft. SA MM$* 
the equation. Corresponding value of velocity V a 5,03 ft./. 
Sec 

The value of bed width and velocity can also 
be obtained from the curves given in t*gure 2.5 for discharge 
equal to the proposed discharge dLvi ed by ($3,/8)* there 
$I r* 1 La l0,0OO and s a I in 12,OO4 i.e. for a discba rge of 
10,oto/ 20  2 ) 	 * 	,000/l.0~ 0 9130 c ►cs. 
For a dischargeof 9,130 cusses bed width can be r**d against 
the assumed F.S,D. of 22 ft. wbL+h 91Vos a value of 36,26 ft. 
as before. 

The velocity corresponding to a discharge of Dip= 
cu secs as read from velocity curves is 4.6 tt,./see. 

This velocity corresponding to bed slope of I in 
30,000  will be 4.6 (~)* 	.6 ( 	* 503 f«/5+ C. 

which 3s very near to the calculated velocity and of 6.03 

ft./804-0 
The section thus obtained 3s 36,25 ft. bed width 

and 22. ft. ),,B,D. ,jr this -balancing depth. of cutting can bs 
determined by us3ug equation (3.) and cos to l4.4 St. 



lbw for balancing depth (d) me 3I ..4 ► ft. I the eartk 
York per flt. of canal can be worked out using formula 
(3.1) or (3.2 ), in this example It works out to 1,,090 Ctt. 

The cost of the canal per rft. then works out as 

— — _ .M 	+wk +~.r +r rr ws +.M~ rs w W► 	rr wrk — 	w 	~w +iR 	nrr ar iris a rw 

hem 	 M ug 	.an 

 

Q  't 
M~. MN err MIW err .. w~ ~wu w .w. .wr wry wMF .. .AM : wr -ws ~!wl~ — war + (1 #ten  

I. garthwork to  .balancing 3. ,090 ctt. 38.15 
depth from formula (.2) 

2. single the lining for 	36.25 tom. 210,76 bed 
3. Double tile Bing for 	19.61 ,ft, 30 .26 sides and rocmded 

corns". (4.9 ?34 'O*ll.2) 

.. ~. _..~....«.. . ~. 	..., 	,~. 5 	s, 	13 	.~ .. 
Tha5 cost per rf y. of canal for 10#000 casecs 

for a bed slope of 1 in 10,000 worked out to be U. 186,18. 
sUdIar the cost of *anal per rf't.1 o balancing 

depth for each bed slope considered for the discharge range 
of 3,000 to 2$000 cusecs is worked out. 

The results are shown In table 3.7 (1) to 3.7 
(xiii). The conclusion regarding most economical . bed elope  

and corresponding iaoat economical  `.8.D. ' giving a velocity 
within the permissible limit are given in the fora of a foot 
note below each table cor spaiding to each diatharge,. A 
note regarding most economic ,$,D. for dif:+want bed slopes 
is also given below each table. 

yor each discharge varying iroa 3,000 to 2O 000 
cusecs from tables 3„? (1) to 3.? (xiii) the must aconosical 
bad sloes and corresponding F,S D. are food out and a 
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separate table prepared which i6 attached as 
table No. 3.8. This table shows most aconomica3. bed dips 
and corr ponding F.s,D. for each discharge. In addition 
canal d  nsions such as bed width and 'velocity, (F,S.L,«. 
N.3.L.) giving minimum cost correspond 	to moet ,cc..tcal 
bed clop* and F,S ,, D. and cost per rft, are also given in 
this tabla. 

These results are plotted as most econowi l bed 
slopo most economical 	* cost per rTt. of canal. and 
+ F, ,L. 	,D. against discharge and four eury s obtained 
which are shown in figure 3,9. 

It is possible to wed out the most econom ca. bed 
slope and full supply depth for a given discharge by using 
the curves given in figure 3#0 

The use of curves cen be ezpleined by the following 
example, 

Let Discharge 	11,000 cusecs. 
The most economical bed elope can be obtained by 

reading ordinate corresponding to discharge point on Most 

economical  bed slope late. The moat economical bed slope 
XD**pofding to a discharge of ll t000 cusecs as read from 

the curves Is 0*137 per 14000 parts or 1 in 73O0 and most 
economical ca . ful .; supply doptb is 21,80 ft. as read from 
most economical F,S,D. carve. The cost per rft. and (V.5«L.i► 
N,.s.L,) giving minlaum cost are also determined by rewdt2tg 
their value against l:00Q cusecs discharge,, The cost per 
rtt. as read. is %. 162/. and value of (F„S.L, 'r$.Z.) 2+ 

for least cost i s 7.3 ft. 
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1. 1.  3 #000 113,000 13: 20.00 M" 902 1.96. 8341 

2.  4,000 1J4000 13 22.75 5.S35 	4? 2.93 97.09 
3.  5000 314,0 34 25.?5 5.956 10.6. 3.50 10 .54  
4.  6,000 315000 is M60 6*781 3.1,66 44,35 13.7 4 
6o 7,000 iJ6O0O 7 32150 5. ,.07 543 129.71 
60 8.000 316o00 39 26,00 5.186 313.39 5, 63. 136.  
7.  0,,000 31G000 20 26.25 6.9+1 13.94 6.06 343.40 
8.  31Q000 f ?` OoO0 20 $8, 5.723 33.25 6,76 1153.80 

9.  12GOO 313,000 83 34.21 6.746 1547 7.03 170.01 

100 34,000 31800O 34 39,00 5.955 	. 845 183.04 

U.• 16,000 319,000 25 47.60 6.8091 3.5.54 9.4* 3195.65 

. 18,000 Z/9 00O 25 58.3 5..993 14.97 30,03 205.63. 

13. 2 	,000 28 60.50 -Be 9? 17*02 10.98 210.50  
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In this wsy the most econoaica3. be slope and 

corresponding economical. ?,S.D. and (7.$„L,6«N.8.L.) can 
be obtained for afl7 cii.s a'aa'ge ranging between 30O0 to 
20,000 cue cs. 

it is realised that It is not possible to .ay 
an alignment such that balancing dept i of cutt1n is avai•► 
lable at , I so cttons s  n©r can 1i e bed slop+, beadopts 4 tros 
conMderations of cost alone. In some cases flatter slopes 
than economical one have to be adopted in order to have 
maximum commend, which 1s puucposeiy done in case of (alas  

than Canal Project« mile in other cases steeper bed alepes 
than economic have to be +s.d due to the nature of the po-
graphy of the area in which the canal is aligned. In the 
present stw the 1n `ice of ad pting slopes tlittei or 
steeper than the economical slops on costs has not been 
worked out.  
3*11 	i he curves given in :*gage 38 nt3,9 woui4 be 
found useful for obtaining the most economical fall supply 
depth corresponding to any discharge. The curves given in 

figure 3,7 (8) (i) to (sill) are useful in choosing be en 
two or more alternative alignts pa$sing : `+ tag 4Lffirent 
average depths of cutting or filling. With the aid of 
d1 raas given in figure 3*7 (a) (1) to figure 3.7 (B ) 
(xiii) one can even work out the li1ely difference in costs# 
for the different pxo osals, 



A4L L 

1 Lçoi IrioN  

4l go" 
As discussed in chapter I cana3. lining offers 

undisputed advantages, The boaV cost of ltd lug, boy.. 
ever,, a. rnaor , obsttacle in the path of Its Via ` ac0p aot,. 
The present study was aiod at tteraining the cost econok- 

1 design for lined canals from 30O0, to 20,000 cus.ci  
capacis  with special reference to Rajasthan cam.* 

Asa studios need revision when unit rates of 
Iteas of eat work and lining are expected, to vary,Whenever 
there is an age in the type of lining, the revisit of 
studies Is also essential.. The stuffs are based Qta a trap+ 
zol4aI section with ;;round corners and the side slopes have 
been 	 wed all in all mss. 

on basis of the work done, it would be possible 
to choose a gment,, sections and slopes for ainirnum cost as 
ahoai below:. 

-O 	As far as possible, the Survøy Engineer should 

try to alii this dal to have c pths of cutting as show 
in table (3.6) and figure (,8) for various discharges. These 
values are#  however applicabe_ to-,the. slop* of l: ' 
off , 

(2G 	it is possible to choose a most economical slope 
from tam 3.8 and figure 3.9 for a given discharge. .pot 
each such slope there is a different balanced pth of 
cutting. , s en eXamp3.* If ceie has to align a canal cairying  
a discharge of lol000 cusecs tab*► 	table 3.8 and figure 

3.9 the most economical bed slope is I. In 7,000. coheir 



Fon g (F.S,L .StL,) givng iif-nimcu cost is 6.76 ft.. 
One should so alga the canal that as far as possible the 
depth of cutting is 6.75 ft, 

A 3:(3) The curves shown th figs 3.7 O (1) to Vigo►. 
3.? (A) (dii) an figure 37 ) (1) to figure 3*7 (B) 
(ddii) can also be of help o the engineer In choosing 
between two Or more alternative alignments, Ariz,. he can  
judge whether an ahtgraent having one (F*s«b* .s.L,) value 

kcuti 
is more econoidoal. !fan an alternative at re a -aver 
(F.s:..,. *8.L,) Ulm*  As an exs ple for S,000 one**$, 
the alignment passing through with 	* , 	value 
of (10') Is more economical that an alternative alignant 
passing through g as a►d with (p.s ..y.5,L.) value of (45'), 

(4 	With the aid of such F. S.D. and (P.3 *1.*-?1.S.L.). 
comes:, .one can even work out the likely a . Terence in cost 
between two or more alternative alignionts. 

statements of comparative costs for the die arp 
r'+ gel of 3,000 to 20,000 are givenin table 3*9 (1) to 

Coliaz Not 3. Of these tables shows a comparision  
Of cost of the canal with most economical `*$.D,correapon- 
ding to each discharge for various values of 	 . 	« . ►  
Cad. 	go, 4 of same tables show the percentage increase 
in the cost of c final per eft, due to variation in values 
of f F, .L , #9 *L 4 trQS the most economiesi, 

AS an exaLpl* for 8,000 cosecs col a No* 3 of 
table 3.9 (vi) shows the cost of canal per eft, with F,S.D, 
20 ft* for various values of (F.s,LO-140 ) rang fros 
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4 ft. inclLding bnc1ng 4ipCh of cutting equal to 6.9 
it* The colu*n No. 4 Of the same table shoes the per 
tags increase in cost of +c al per rtt, f ro ae that with 
a value of (F,S *L. N. S4 .) equaltO 6,9 . 

similarly ooluma 3 and 4 of each tabu give the 
information for each discharge. 

(5) 	The table NQa, 3*7 (1) to 3*7 ( 	) can he of 
the help 4i the engtneer in choosing between two or re 
aligraonts.with 4Lfsrent slopes, 

4.2 	Cii 
most economical fufl supply tpth for each  

discharge ranging from 3,000 to 200OO cuss*$ vi h a bed 
slop of I in 12,000 Is given in a table 3.0 and figure  

3.8, he corresponding value of .$,, ..0 N.841.) for each  
discharge gives best results Is also oh d in the above 
table and LIEU"* Thus figure 3.8 Ls most useful tar finding 
out the most eemomicel ZU1 supply  depthcorreopm 
a given diachare 4thdisc  	a bed slope in the th;and eqnal to 
I In l2OOO. S l► ` , velue of (F.So' *- 'o3* *) ivy 
mai xtai cost can be found out from figure $*So 

A most econOmical bad slope and corresponding  
most economical full epp1y app 	 depth for each discharge ranging  
frOg 3,000 cusses to 20,QO0 caacs Is given in tsbl# 3,8 

d,. figs 3,9. The corresponding value of ,. , 	8 ►  
giving a best result for each discharge Is also shown In 
table 3.8 and figure 3 *9. 

(tii) The variation of cost due to chan . Of 
` ,► 	s..~ valuer from a va1. of .s.*0*484 ) 

giving boat rsultc for each discharge to appreciable end 
varies from 0.92 	1O85 Astmt 



(31v) Thee. stud3ee can be et Mitch guidance 
to the survey and 4as 	engineers 34 I izing ate. aUl 
meats and c si ing caril dinndons for lid cn,3-a 

The work has been cone tar the ' conditions 
prevalent In Rajasthan canal area and*  tot be extent 
that the assumed conditions change) these tables and 
figures snot W aset ani z'e4uir. repetition of the 
calculation work. X* aarq cases $ however, the author' a 
charts will be Found directly useful atleast for preli 
Minary 9ttic e*, he procadr. evolved will facilitate 
servo do studie& in all cases. 
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This is substantiated by the studies which 

being ice at the ont for the .i.ing of the itasstb  

canal,, The canal having a full supply discharge of 18,500 
cuseca, will take oUU from the Rarike Head works at the  

confluence of the 3ztlej and the Beast cutting through the 
states of the punaab and Aejastbsn a total distance Of  
425 miles,, 

The estimated cost of the pro ject without lInitg 
was # . U600 Wires, the cost per euaec thus being Pa* 
62,700 and when the some project with lined canal came to 
Psi  l42 crores Including 	(mores for additional channels 
for 4tnLbuting spplj saved r Uning. The total cost 
of the project includes the cost of the head works and 
appurtenant works at iarik. and the share for the storage 
works show which is I. 46.39 crores. 

It is osUmated that seepage losses is an a i d 
canal in this territory Is of the order of 8 cusecs per  
oSft of wetted yea, As at this rate 4600 cuseos would 

have been lost in the canals and distributaries, an ifla*► 

ment of . 29 aroru would not on1r have been wasted but 
wool also have added to the Nasards of water logging. 

Thus the cost of lining channels in the original 
project R. (152u42 G.16 a ik. 24 ire a) has been nor* than 
a ,t by Rs. 	r cores coat of water saved for additional 

irrigation, tter allowing for evaporation and rducsd 
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percolation through try lining with sanbtith celent 
mortar of 20% a net balance of 3,700 onsetswill be ava 
lable for irrigation* At a rate of 200 s s per ousec 
(as the Bhakra Canal system has shown that 1 ousecr: of 
water is irrigating about 200 acres in Rajasttan), it will 
irrigate about 7 040,000 acres, yielding about 2.6 	tons 
of food train valued at 1. 9 crores annually • Aasim Ag a 
conservative assessment of b, 10/— per acre for water and 
land taxes, additional annual revenue k government will 
be of the order of , 74 lakhh. Further substantial gains 
can also be assured If the water courses which acco mt 
for 20% losses are also lIneo. it is thus clear that lining 
of earthen irrigation ch 3nno3s inspite of Its app*ret 
high cost is always an economy. 

I 
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A circular lined Section is to be designed. 
for the following data:.' 

Viarbargo 	( 	► .r ar.. * ± .. . . 	900 C 3005 

Rugosit, Co'.efficieAt  (N) ,,.4. 00018 

Bed SlO O (i) *t* !► r 	 1 in 4,000 
8149 slope (s it) •......,.......  1.J 

The disohargo curve for 900 cosecs in figure  
*3 (a) and the vertical ordinate. through I in 400Q0 d s(oae 

intersect at a point which read radius or full eup 
depth 'D' at centre as 11.1 It 

The same point reads t average velocity of 4610 
ft. /see. as interpotated bet en velocity eve for 4.0 
an 4 4..,5tt /Sec, 

Thus full supply depth for circular lined section 

1144 ft. 
and velocity in the channel 	4.1 tt./soap 
The curves given in figure 2J(a) can also be 

utilis d for other viiluoe of 'N' as explained along side 
the graph.,. 
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4J(i1. 
Following are the present rates of various  

matertalv rcuired for lin1g the bed with tile. 
fll. 12"z9'z ' at *in site (present avenge 

rat*) 	 M. 65.00 per 	soc, 
:Celt per bag at rail head ()resent Fs. 8.00 per bag 
market raw) 
Bajri at rail bead 
c3efld 

190 Nos. 
R.80 bags 

3.36 cft. 
et 

Ba4ri 
Sand 	 7*.84 Ctt.. 

cement 	 ao s 
Bair. 	 30 miles 
Sand 	 2 dos 
a) 	1 

190 Nos*  tiles @ Es. 55.00 per %0 Kos, $ 10,46 
2.80 bags of comfit ' . 8.00 per bag 9. 23.E 
3.36 aft. of Bajri ► 8. 80.00 per % ft.. 2,69 
7,84 Cft, of sand @ Es. 2.00 per % Ctt. f§, 

1. 80.00 per Cf`bw 
i 2.00 per % Ct 
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b)  

NoB,. -tties carriage distancs 9 rtes @ lb 2,45- 
lb. 12.O per %o so s. 

2.80 bags cent córriago distance 20 nailes Es. 4.06  
@ lb.. 3..45 per bags 
3,36 Xt. Of Ba 	Carriage distance 30 ailos 
@ lb. 48.90 per % cft. 	 R3. 1* 
7,.84 ott. of Sand carriage distance 
2 miles @ lb* 12,.90 per % 't• 

Total 	Tb, 

c)  

:9.79 aft. tile iaonry K. 26.75 per aft, Ih* 5.29  

100 aft« cewnt plaster PS. 6.60 per % aft: M. 6.60 
300 after curing 1iig for 28 i @ 	'lb. 0085 
lb. 0.86 % gft. 

punip g water 
Totes 	Es. t3.24  

Total (a)+ b)' (c) 0 	( ,074 9.l6+ 2. ) 

= . 69.10 per % Sits. 

The rate ass u d for the 3 tail► is lb. 60.00 
per % aft. vhith is also in car armity with the tenders 
received In various reaches of Ra3astbafl canal.#. 



IAkJM 
Fc4ioving are the Present raté$ at various 

asterisia for Uoing .ths lice slopes 1n13udang rocmcod 
'trClttxners. 

Tiles ; 	at kiln site 
(present average rate) 	 55,QQ per %Q 

*gib per bag at raU. head 
(present market rate) 	 ,.8,00 per bag 
Bari at rail brad 	 Ike *.0O per $' 1M 
Sand 	 2.00per%cft. 

F9  

Tiles 	 380 Nofl. 
Cent 	3,50 bags 

8 : 	 44l t. 

Sand 

	

	 . 

9 

Two 	 3 sUes (katcbs  

• Cement 	 30 mugs 
Ba4rt 	 30 miles 
sand 	 2 ~. 

(a) COT OP _ TEE A  

3 loos,* tiles @ fs. 	'. per 	Nos. 	20.90 
3.50 bags of cement @ b. $/p per bag R.. 28.00 
4.l1 CZb. of Ba jri @ ft. 8o, per % cit., 1. 3.19 
9*.59 Cft. of sand a 1b. 2J» per % ctt. fit.  9 

TOW  
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(b) 	IAM OATIUALS  

380 Nos, tiles carriage distance 2 muss 
Ps.. 	2f90 per %0 Nos. 1. 4190 

3.50 bags cement carriage - distance 30 -- 
mi1es Qt. 1.45 per bag. ' 	. $..08 
4..13. fit.. of Bajri carriage distance 30 
miles @Ps. 489O per % C.ft. . 2,O. 
9.59 Gft. of sand carriage distance 2  
miles @Ps. 12.90 per % Ctt. 

Total =. 

(e) 

44 aft. tile a masonry @ Ps. 34.80 (*v, Is, 16431 
from 12' to 28' height) per % C t. 
100 sft, curing lining ( Ps. 0.85 per to 0.86  
% 3ft. 
100 aft, scaffolding and 'templato alt.» 
wance @ 0.85 per % sft.. It. 0.85 

pumping Water Ps. ~., 
Total lb* 17Jl 

Total (a)+(b)4 (cc . (52.3+13.23+17.51) 

Ps. 83.12 per % MfMe 
The rate assumed for .study is It. 138.00 per % 

sft.. which is near to the cost calculated above* This 
assumed rate Is also in conformity with the tenders 
received In various reaches of Rajasthann cEalal for double 
tile limn and hence adopted is all right. 
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(4 *The lining of Irriga•tioz CanaLs" •. The Concrete  
Jo4ationof In: is (1£63),. 

s 

(21 "Draft indjan S ndad, -- Criteria for selection of 
type of Limn 'T - Inch. Standard institutions - 
(DDC 57(3.13W ) May 1868). 

131 Draft Manual on Irrigation Channels" - Central. .ater 
and Power Commission (Water wing),, 1960.. 

(41 SLLU.* LL "Lining of Earthen irrigation Channels". 
[4 "canal LOW - Ra4asthan Canal Boards Jaipur 
B IBL 

SAI "Canal lining $k India* Fraeed ngs interns► 
tional Commission, Irrigation an4 Drainages Third ccn-
graas, San Prancisco, .1987 pp 146 -175. 

"Lining irrigation canals-* » The Concrete jscooiat 
of India f Jta1 .1951). 

+Note on aaj tstban Canal p joctn, Government of 
Rajasthan irrigation Department, :168. 

".Rajasthan Canal project Vol. 18, Goventment of Raja 
sthan Irrigation. Department* 1957. 

"Rajasthan Canal project Vols. I &. III, Government of 
Rajasthan. Irrigation Deparmnant, 4pril, 1963, 

"Schedule of Rates", Rajasthan Canal Project Department# 
Government of Raja: tom,. march, 1963: 

"The Economics of cats. Lines • The rjdiatConcrete 
journal, pi1, 1956. Volume , pp gi98. 
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