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demand due to inclusion of vast areas and contemplation
of intensive irrigation. In such cases, additional supp~
lies have to be arranged either froni a sterage or from

other basins. The problems are different from those in |

modernisation.

Consequent on remedelling or modernisation of the
systems, the structures are also to be remodelled to be
safe agalnst revised eperating cenditiens, apart from
their defects and deterioration en éccount of their long

lives.

In thig dissertation, an attempt ig made to review
the problems in the existing systems causing the necess-
ity ef medernisation or remedelling of canals and their
structures, the different methods that can be adopted to
solve such problems and the decislon making process to
select the best alternative plan. The discussien is cenclu-
ded with the few case histeries of remodelling works and,
findings and recommendations of the anthor for future study.



Tele
1.2,
1.3.
1.,
15,

CHAPTER 1§

INTRODUCTION

Development of irrigation for agriculture.
History of Development of irrigstion.
Irrigation smystems.

Deglign of irrigation gystems

geope of the dissertation.



CHAPTER 1

INTRODUCTIORN

Irrigatien 1s the art and science of artificial
applicatien eof water te land for the purpese ef raising the

crops succegsfully.

Seventy per cent of India's pepulation depends en
agriculture directly for their living. The pepulatien of
India is increasing at the rate ef 2 per cent per year and
at present rate of growth it is expected to be 90 creres:
at the end of 20th century. To meet the demand of feod proe
ductien fer the growing ;;opulatien, agriculture is to be
develeped in India.

The rainfall in India is precarious and scanty. Its
distributien is variable in gmount and space and is net
adequate to meet the requirements of crops. Considerable parts
of Indiag are often subjected to drought and famine conditions.
Failure of crops due to drought condltions is common. The
problem camot be handled without means of irrigation.
Therefore, irrigated agriculture is to be developed.

Luckily, India has got Wost thirsty tracts of lands
of about 81.7 million hectares in which irrigation potential
is proposed to0 be created before the end of 20th century.
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The utilisable surface water resources are 66.6 million
hectare metres and the utilisadble ground water resources
are 20.36 million hectare metres according to spproximate
estimates as per Report of Irrigation Commission,q972.
1.01.2. HLstory of Development £ Irriggtion

Irrigation in India 1s contemporary with the dawn of
civiligation. wWhen man started settling dowa in groups or
communities, he started practicing agriculture. In India,the
earliest settlements were along the banks of rivers like the
Indus, Ganga and theéir tributaries where the flood plains
along the river course were irrigated by 'Sallab! or inun-
dation annually during the flood season.

In due course mnall and then larger inundation csgnals
vere wilt in order to draw off the flood waters for irriga-
tion of areas further in land from the river bank utilising
suitable creckg or arms of the river for the purposes.

with the passage of time, a mumber of these early
canals came to be enlarged and developed into réirly large
infindation canal gystems which to this day irrigate'and pro-
tect hundreds of thousands of acres of land aéaiqst scarcity
and femine, as for instance, the inundetion canala'of the
Multan, Musaffargarh ard Dera Ghagikhan districts of west
Punjab and numerous large inundation canals in sind (now in
Pakisgten) . '

In the alluviel plalns of North Indie and the coastal
belts of southern Indla where the country 1s flat, 1t 15 not



possible to form the tanks to collect the rain water. The
flat nature of the country is ideal for carrying wvater over
Aen - _

:J:enga distances by means of canals for flow irrigation.

 The ééep and porous alluvial solils were also found to
héld‘ pientim supplies of under-~ground vater at moderate
depths, which could easu& be exploited for the purpose of
irrigation. well irrlgation wae practiced using indigenous
water 14fting devices.

In Central and Southern parts of the country, it is
ot easy to construct wells wvhere the underlying sub-strata
is hard usuglly rock. Hence, number of storage tanks and
reservoirs have been practiced in these regions from earliest
times to this day. wells alone account for nearly 30 per cent
of the total irrigated ares and tanks for another 17 per cent.

In a few comparatively small areas particularly in
Assam vwhere rainfall is abundant and almost assured few small
irrigation works were constructed. In the rest of the country,
artificial irrigation i1s necessary for protection agalnst
scarcity and femine although irrigation has been widely prac-
ticed all over the country from the earliest times. It is
only during the last 150 years or so that great strides have
been taken towards harnessing mighty riveré and exploiting
on a large scale the under-ground water resources in order to

develop irrigation for agricultursl production.

Thus, we ses that in the early times and right upto
the end of 18th century, the emphasis in India was on irriga~-



tion from inundation canalg or from wells ond tanks. The
Grand Anicut in the Cauvery River Delta in South Indig built
in the 2na century A.D. and some cenals with temporary head
vorks in the Punjab and Uttar Pradesh built by the Mohanmedan
,Rulers',, wera howvever, exceptions.

In the ocarly 19&3 cenitury, the British ventured to
construct large irrigation canal projects and they made a
start vith improving and enlﬁrging three existing cangls which
had carlier follen more or less into disuse vig Western Iemuna.
conal in the Punjab and the Eastern Yemuna Canal in Uttar
Prodosh ond Ceuvery dolta system of canals in Tamilnadu.

Thege carly projects proved succegssful. Based on thenm,
a number of bigger projects utilising the run-of-the river
suppliocs such as Upper Ganga Canasl, Upper Bari doab canal, |
the Godavarl Delta Canals, the Sirhind Canals etc. were under-
taken.

In the case of early canal projects no permonent head
works wore constructed. These temporary diversion bars across
the river bed wore washed avay during the flood season in

the caose of Western and Eastern Yemuna Canals, Upper Ganga
Canal ond Upper Bari Doab Canal.This led to the construction
of pormanent diversion blocks later on.

In due coursc vith greater exporionco, scveral improvo-
ment s vore effected in the deslgn of diversion works leading
upto the modern river barrages vhich give complets control
over the regulation and flov of river supplics.



In 20th century, many irrigation projécts Hore teken
up. Most of them werce productive wvorks. some wore meant for
 the protection against famine algo. scmve smong the productive
works vere '

1. Tribeni Canpl Project in Bihar
2+ The Godavari Canals

3. Provara canalg and Nira Right Bank Canal in
Mahgrashtra :

k. sarado Canal Project and weim Ganga C8nals in
Uttar Pradesh.

5« Mahanpdi Canals in Madhya Pradesh.

Aftor Indopendonce in 1947, it was recognisod that
cxpension of irrigation for agricultural production is cgsene
tial to make the country self sufficlient in food production.
It gave birth to the concept of irrigated agriculture. Some
of the main projects that wvere teken up in the three Five-
Yoar Plans to achieve this objective are: |

1. Bhaltra Nangal Project
2. Rajasthan canal £roject
3. Chambal Project, and

4. Nagarjunasagar Project.

+©1.3. Irrigation fystemg
Irrigation gystemo can be broadly classificd as

1+ Gravity systems
2« Punped systeas.

Y



In casc of frrigation from gravity systcas, vater to
the lond to be irrigated 18 through gravity canals or wvater
courses. This ip accomplished elither from storage or/and
diversion works. In gravity systems, regular or seasonal
supply of water is provided.fuch systons are sub-diviged into
tho following three types:

1) Inundation gysteas
1i) Perennial systeas
411) Seasonel systems.

i) Imndation 4irrigation canals are non»paraﬂol canols
vhere irrigation is done by direct flooding of land for mols~
ture rotention in the soil to grow the crops in the arca.
Those floods negy contain rich alluvial soil or siltjonly
dquring flood season, thls method ¢an be adopted with advantage.

i1) then water 1o mado avallable for both the crop periods,

it 1 called perennial system. The cost of irrigation is less
in this casc as water is supplied vith smaller operation ang
maintenonce, Gost. In this method vater-logging may result
owling to oxcessive use of wator and po drainage facilitles
have to be provided as an integrol part of the overall scheme.
In Northern Indla where the rivers arc porennigl due to sug-
montation of supplios frem snow-nolt during dry woather from
E:Lmalayas, ALl irrigation canal gysdcms are perernisl gravity
gyctcas vhether from diversion or storage. In South India
whoro rivers are mon-peremnial many reservoirs have beon cons;
tructed for stabilising the flous in nonenonsoon season to

provide perennisl irrigation systems.



(111) 1In the perennial rivers vhere the diverted waters
nect tho demend for ralsing crops in hoth soasons, there
nay be suppllies still avallable in the monsoon period. The
suppllios can be utilized for constructing seasonal canal
systems to sorve the additional areas in Kharif geason.
Where ground vaters are h;;rnésaed or can be harnessod, these
systems can provide poasi‘bilitiea_ of rechargé to provide

additional ground vater resources.

In case of pumpod systems, water is lifted up from the
gource {(river, or canal or tank or ground water) and then
taken in channols. Pumps and other devices are to be c:pérated
and naintained. Thus, irrigation from pumped schemes is more
expongive and roquires more lagbour and tine.

Tho main feetors governing the design of an irrigation
gystca arc:

1. Supplies gvailagble

2. Noods, vanﬂ

3. structures noeded for implementation.

The demand 18 fixod after pstudying various alternatives
of possible cropping patterns likely to develop. Wnile arri-
ving the supplies avallable for utilisation, the constraints
such as existing use, prior rights, intor-stato compacts and
intor«national treaties are kept in view. Various altornative
methods or combination of methods are then congidered to utie
lise the avallable supplies ff.;r meeting the projcctod demand.
The alternative which maximises the benefits and meets the
obj ecctive bogt is selected, The aspect of selection of suit-~



table alternative is dealt with in the foregoing chapters.

The changing conditions which affect the future irrigation
needs have to be considered and provision has to be made to cater
for the future development possible. If consideration is not given
to flexibility of demands at the time of plmning,'ranodelling ofthe

system may often be necessary due to increased demands at a later

-

stage.

1.5+ SCOPE OF THE DISSERTATION
The main object and scope of this dissertation 1s to present

a review pf methods of planning and selection of metheds or cembi-

nation of methods for remodelling the irrigation mystems.

The situations under vhich remodelling is contemplated are
brought out in Chapter 2 citing the practicsl exammples wherever
possihle. Various methods of remodelling the channel sections s;ra
reviewed in Chapter 3 whiceh includes introduction contairing the
various theories of design of channel sectiens to gppreciate the
scope of varieus methods. In Chapter W, the protlems in the meder-
nisation of existing systems and the methods of modernisation are
discussed. In Chapter 5, the problems in remodelling of irrigation
systems with increased gsupplies with the solutiong are dealt with.
The generation of various alternatives anl procedure for gelection
of the best alternative has also been studied in Chapter 5. The
design of structures on the canal ig a vast subject & has been
only introduced as Chapter 6 in this review to give an outline of
the required remodelling works. In Chapter 7, some cgse histories
are included for better understanding of the methods. Chapter 8
gives the summary, conclusions and recommendations along with the
areas where further work can be taken up.
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CHAPTER 2

NEED FOR REMODELLING

Gena;'ai_

Demands and their pattern.

Increase in scope - High ylelding varieties ef
crops - Intensive irrigation and multiple cropping-
water management.

Technological problems.

Degign of channel ~ Design of structures -
Conjunctive use of ground and surface vaterg -
Lining of canals and provision of dralnage
system as integral part.

QOther problems.



CHAPTER 2

NEED FOR REMODELLING

241, GENERAL
- To achieve the self-sufficlency in food production for

the groving population, the government is providing fecilities
of irrigation to the farmers to increasoc the agricultural
production. Goverment is algo giving incentives for the game.
Therofore, demands of water for agriculture due to incroaped
aereas ccaing under culdivation and chango of cropping pattemns,
are 1ixcreasing on the existing canal systems and rczodelling
of oxisting gystens has thus bocome necessary to cater for

incroased demands.

Use of improved water menagement end better agricultural
proctices havo also dictated the neod for modernisation of

pysteans,

Many existing irrigotion oystems suffer from variety
of problems sueh a8 ingdequacies in dosign of canals, then
head works and other structurcs due to limitations of technoe
logy at the time of their construction. There has been groat
advanccmont in technology in recent years which can be adopted
to odvantage to rcaedy the dofects in exlsting systems and
to rondor them sefe under all operating conditions. Furthor,
tho adoption of method of conjuncﬁve uso of ground vater and
surfaco vater haos made possible increased use of water resources.
Also increased suppnea become aveilable from lining of the

cax_!als and water courses. All these factors have alec neceggl-
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tated remodelling of canal systems in many cases.

2¢2+ DEMANDS A Y08 v
2+2.1s Lncrease in Seope -

The scope of some of the existing canal systems mey

1’izcraase due to
1) inclusion of wasto lands and recleimed saline
and water~-logged ereas within the gross command
11) provision of pumped canals with pumping plants
for lifting water from the gravity canals to
provide facilities to higher lands in the gross
command or in adjoining areas,
a‘nd 1i1)extengion of the canal systems to provide irri-
~ getion fecilitles to newor areas which woro not
envisaged original.,ly. In such cases, remodelling
becomes necessary %0 cope up with the incroased
demand. |
For example, the original gcope of the Krishna Delta canal

G 3 Aabcin e P |
system has changed from (Lulakh acras)or 1rzﬂ.gatd:ea area to

OH,JAKP\
(12+25 Lakh) aereeQAi.n a period of about 900 yoars and henco
reuodelling of tho canal system had besn contemplated from

tine to tinme.

202424 High Yiolding varieties of crops -

Duo to pdvencement of agricultursl Pesearch in recent
times, high ylelding dvarf varieties of crops havo cGmo on
the secenc. These dvarf varietics i'equi.re nore frequent wator-
ings than the indigenous varicties. They cannot howcver
sustain drought-conditions as _the indigenous varieties can,
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and therefore constant supply is necesgary in their case.
Though the crop period and the total requirement of water
may somewhat be reduced, assured water supply through the
canal system is necessary for the successful growth of these
-¢crops. Thusy the introduction of thege varieties rttmire.
remodelling of gysten.

In the earlier irrigation systems constructed in pre-
independence era before 1947, the schmés were to pass the
productivity test for financial feasibility which implied
the concept of protective 1rﬂgaﬁon. fhese systems have
ext;eﬁsive commands and catered for the intensity of irriga-
tien aeldomé exceeding 100%€ of culturable command area, In
view of the objective of irrigation having changed after
independence to increased agricultural production for selfe
reliance, the present trend is in favour of the maximisation
of the benefits by adoption of intmsiﬂ croppina patterns
with multiple cropping. Intensities upto 150% of culturable
command area and more are now being eonaidéred; This vzl,m'.en-
sity ofv cropping can be schieved with more 1rrd.vgation faciliw~
ties and greater use of chemicsl fertilisers and other inputs.

In almost all thfa ancient irrigation systems in India,
the entire command area within the maln drainage lines is
already covered by the canals and there ig little scope of
furtheyr increase in command area. Where the auppiy pogition
can permit, intensive cropping patterns with hmltiple cropp-
ing elongwith the use of high ylelding varieties of crops cen
only be adopted. This can be achieved wi’fsh increased water
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supplies from storcge roservoirs or dlversion from other
bgeins. For exaemple, in Sorda Sehayck Project, the non-mon~
scon floug of Ghaghra River arc diverted into Sarda River
end extensive irrigetion at the tall end and intenglve irri-
gation under old sarda Canol pystem are contomplated. The

. oxioting canaols arc remodelled as folliows:

1. Daryabad branch canal 2 to 242 cunecs
2. Barabanki branch conal 11 to 36 cumecs
3. Haidorgad branch canal 31 to 165 cumecs
. Raibareilll branct; canpl 13 to 30 cunecs

5. Purva branch canal 3% to %7 cumces.

Possibilitics of oxploitation of ground water rosdourcos
for conjunctive use with surfeco water are to bo exsmined in

such casep.

2e 2.‘9'; ﬂgt‘je_x: ;’IEQQSBHE -
In cortaln aystems, the above problem of lend has

further beon coupled with tho limitod surfaco water resources.
In such cases, the water use efficiency has to be improved.
The salution lies in economising the use of water resources

by edoption of better water and crop menagenent practices and
aloo in reducing the tranemisgion losseg in the unlined canals
vhich aro about 30 to 507 of head dischargo of the canal.

The wator co paved ¢an be utiliscd for intenalve cropping
pattorn with multiple cropping. To achieve it, remodelling

ond lining of canals and water courses becomses nceessarys

For oxample, the Krishna Dolta Irrigation Canal gystem
has limited wator rosocurcce of 181.2 T.M.C(as per avard of
A .



Inter-state River Hater Digpute Tribunal) end avalloble land
is only Qa,as lakh acrea) whfcm;nk:ot be increased fNarther.
Therefore, there are constraints of both land and surface
water rosourcos. The vater use efficlency 6f the system is
proposed to be increased by adopting water and agriculturel
management practices and lining the cahals. High cropping
intensity wvith multiple cropping is recoumended by the water
management Division, Ministry of Agriculturc, New Delhi for
adoption as follows:
| Loy level arcas High lovol areas
Iot crop Paddy Paddy

2nd erop | Paddy Irrigatod dry.
3rd crop Pulge/Fodder Pul so/Fodder.

'2.3. IECHHOLOGICAL PROBLEYMS |
20301s Oon account of advanccment in technology, the concept
of plaming and dosign has drastically changed necossitating
tho romodelling of canals as follows.
2.3.2. Depign of chamel

tWhen modern theory of aglluvial chegnnels were unknovn
in the 19th century, Sir Proby Cautley took up the construce |
tion of Ganga Canal system in Northern India and Sir Arthur
Cotton took up the construction of Cauvery, Krishna end Goda~
vari Canal gystcns in gsouthern India. The design of candls
havo undorgone significant dovolopment. It was in 4899 that
Konnedy published his ¢lassic capirical equation correlating
the mean velocity in réc;l,me chonnel with the vertical depth D.
It was Lindloy, who in 1919, introduced the width of a channel
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as a regime variable and thus made a valuable advance in
regime theory. In 1929 Lacey evolved classic_eqﬁaxions for
the design of a regime chamnel. Two major attempts to_dsvelop
a more réxiona; theory have been_made in U.S.A; one based

on a stable bed at the threshold of moti8n and other on a
live bed condition, The former has been dgveloped by U.S.B.R,

| commonly referred to as "The Threshold Tractive Force Theory",
~while the later based on Einstein's bed load equation has been
uéeﬁ by wing Chein to determine channel dimensions, given the
dl scharge, slope, bed material and sediment load.

The design of a chamnel section, gecording to the
present concept, not only depends upon the discharge, silt
load, topography and type of goll but also depends on the
problem of silting or scouring or silting and scouring encoun-
tered in each case., The channel section may have to be remo=

delled to mitigate these problems.

2.3+3. Dosgign of gtructures

There has been technological advancement in the concept
of design of masonry structures. Based on.Khoéla‘s seepage
theory of uplift pressures and exlt gradient derived on "Prin-
ciple of independent varlables", the use of sheet plles for
cut off has made 1t possible to design the regulating structures
safe against piping and consequent undermining. Due to advance-
ment in soil mechanics, provision of reverse filters on the
downstrean side of structures has helped t0 reduce the chances
of scour on the downstreamm of structures sueh as barrages,

regulators, cross draingge works and drops. The development of



concrete technology and advent of colcrote and othor gpecial
concretes roéulted in igprovement of technology for laying
concrete undor water. Raft foimdations aPo beling adopted for
the barrage floors in cortaln structures. Rstional devices
for dissipation of onergy of rlpwing wvaters dovngtreenm of
bariages, veirs, drops, regulators etc. have been evolved to
avold the possible danger 0f demage. Nov, more krowledge is
avallghble to control entry of ailt into the c¢anal. The tech-
nique of gtill pond regulation at the barrages has also made
it possible to control the ontry of silt into the canal.
further, silt oxcluders, silt ojoctors, desilting basins otc.
have cone into use to handle the silt problem. The ¢volution
of thesc nevw techniques has changed the concopt for design

of structures.

The structures vhich had boen constructed long timo
back with the inadequato enginecering technology avallable at
the timef of their construction or heve outlived their lifo
have to be remcdelled or reconstructed suitably based on
present day standards of technology.

The structures originally designed for a particular

dlscharge have algo to bo ramodalled to provide for the incre-

ased discharge vhich the ¢cenal pey nov cator.

2+3.4. Qonjunctive use of surfase and pround water

Conjunctive use of ground and surface vater is being

advocateod for existing as well as nev systams for the fgllouing

reacons:
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1. Usoc of ground waters in conjunction with surface
supplies for increascd supplies and stabilised flowus.

2, Avallability of incremsed use due to recirculation
of supplies.

3. Possibd;lity of artificigl recharge of aquifers
during high surface flows for use in lean periods.

4, Reduction of drainage and vater logging problems
due to lowering of the wvater table.

The ground water can bo exploited by means of

1) Open well |

2) Shallow tube wells, and

3) Doep tube wells.

Open magonry vells using mechanical and man power by
the farmers are on increased use to supplement cznal supplies
in lorth India as well as South India. In Scuth India, it is
beiné adopted for growing sugar-cane. 1In Cenvory, Krishna and
Godavari Deltas, privately ownod shollow tube wells (locally
called filter points) have been constructed on a large scale
vith a view to raise the seedlings early in June beforec the
canal system is opened and also use them whenever necogsary.
These can be independently planned without miming the ground
vater and canal wvater., But, deep tube wells can be planned
independent of canal systca or to augnent the canal supplies
by constructing tube wells alony the bank of main canal or
distributories to mix it with canel water. In Western Jemuna
¢anal gystem in Haryana State, deep tube wvells have been
constructed along the canal (100 Nos. of deep wells with
totol capaclity of 9.6 cumecs;)
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vhere ground watcr is brackish, saline ground water
can be used after mixing it with good and sweet canal water

as recomnended in vWest Poki stan Study and as adopted in U.S.A
and Isreal.

Thus, the conjunctive use of ground and surface vaters
has changed the concept of plaming and may often require '
remodelling of the canal for increased discharges or‘changed»
c¢ropping patterns., '

2.3,5. Lining of Canals end Provision of Drailnage
System as Intepral part. .

(a) Lining of Canglg « As per old concept of planning, lining
of canals is mainly intonded to reduce the seepage losses in

porous sandy soils and fispgured rocky cutg. llow, linming is
being provided in many canal gystems linked with conjunctive

use, water management and drainage baséd economic use of vater

rasources.

When ground vators are of low quallty consequent upon
high intengities of irrigation on gystems of long standing
problens of drailnage and water-logging may become paramount.
In such cases, lining 1s very helpful.

(b) Drainage - As per the old practice, drainage facilities
in tho command arca werc not provided along with the construc-
tion of canals. The problen of drainage was dealt with as and
vhen the problem arose.The inter relation between irrigation
and drainage was saldom thought of at the time of construction
of irrigation projects. The present day concopt is that di'ai-
nage 15 an integral part of irrigation project planning.
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puc to inadequate drainago facilities in some exist-
ing systems, the vater table has risen sometimes to an extent
that it oncroaches upon the root zone of the crops leadi'ng
to 'waﬁer-logging and thus reducing the crop ylelds and somo-
times meking it impossible to raise the crops.

2.4, OTHER PROBLEMS

The canals which woere constructed long ago may not
cator the needs in tho command arca originally envisaged
owving to defects in the aligmoents, channol deopigns or none
provision of lining in highly pervious portions of channels.

Yhen tho first groat cenal projcets like the Hestern
Yamuna Canal, The Cauvory Delta Canals, the Upper Gonga Canel
or the Upper Bari Doab Comnl wore underteken during 19th
century the dosigners and builders had no experience or pre-
cedonts to guldo them in their might® undertekings. They arc
pioneers in thelr respoctive flelds of endeavour and thoy
learnt by trial and orror as they wont along.

The original alignments of canals, their bed slopes
and designs of canal falls had to be revised subsequently in
order to rectify the defects which became apparant vhen the
canals started functioning. |

Faulty aligmients of canalg which passed through
depressions lod to water logging and malarig in the purroun-
dings and thrown gome areas outside the command. To 'rectify
theso defects, the aligment has to be changed.
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The chamel gection originally designed 43 found to be
inadequate now to pass the discharge contemplated due to adop-
tion of lower value of coefficient of rugosity 'N' or incorrect
value of Lacey's silt factor f. Some of ths canals designed
in the rocky cuts of South India have falled to carry the
envi aagaﬁ discharge due to lower velue of 'H* then 0.03 %0
0.05 for rocky cuts. Thus, the canaia are redesigned and re-
modelled accordingly.

Similarly, chamel, shallow and/or with flat slopes
had boen providod in some cases, which resulted sluggish velo-
citiop of flovw. Thore is a problem of weod grovwth in theso
canalg, gpeeially in case of cenapls with scasonal supplies

of cloear vater.

In some of the o0ld canal gystems lining wes not provi-
ded even in the reaches vhere it vas indicatéd due to abnormal
percélation and seepage losses. As a result of this, the pro-
posed discharge did not reach the lover reaches ond the canal
could not meet the demand. In such cases, remodelling of the
canal has become necessary with the provision of lining.

For eremple, in Kurnool, Cuddgpsh cangl in Andhra Pradesh
| which takes off from the Tungabhadra River, the tranmission

|20 kwA
losses in the Ist roach of (75 miles)are found to be Qooo c/% 283 Cum

4245 Wwwman
out of the head discharge of (1500 cusecs)i.c. 2/3 of the head
discharges The cenal runs throughout in a tract vhore the
subgoll is shale and slate in layers badly fissured horizone-
tally and vortically. Hence, the ramodelling of the canal vas

contempl ated.
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CHAPTER 3

MRTEODS OF REMODRLLING TBE CaANAL

Theories for design of Canals

Different sppreaches.

3.2¢1¢ Increasing the bed vidth

3.2+2: Incressing the full supply dspth

3e263¢ Incresaling doth full supply depth and width
of ¢channel. .

Increasing area with change of surface slops.
Lining of the channel.

Construction of parallel channel.

mmaﬂ.ﬁn# for prefersnce of a particular method.
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CHAPTER 3

METHODS OF REMODELLING OF THE CANALS

Knoulodge of various thcories in vogue for design of
channels i1s necogsary to appreclate various methods of remo-
delling cenal gections for revisod design dlscharge to cater
for the demands. Theoriop of design of canals have therefore

" boan reviewed hore.

The theories that are applicoble depond upon the classi-
fiecation of s0ils and tho probloms oncountorod.

Banc& on clppsification of soils, the channols can bo
broadly classificed into 2 catogoricss

1. Channels in alluvial solls

2. Channels in non-gliuvial goilso

In alluvial chamels, deponding upon the fluctugtion
of velocity of flow, the canal gets gilted up during tho period
of low velocities and secourad during the poriods of high velo=
city of flow. That means the bed 1s moveablo. 'j:h.érefore, the
alm of the designer is to provide a stable chammel for a parti-
cular dosigned diccharge allowing the non-gilting and non-
scouring volocity of flow.

In the cepo of non-glluvial goils, thobed of the canal
consinto of harder strata and is resistent to scour. Higher
velocitien than in the alluvial solls which ¢an be provided
vithout scour of bed and sides, can be allowed.
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Based on the type of protlem to be sncountered, the
channels can also be classifled into 3 types as followss

1. Channels in which there is a problem of scouring
without silting.

2+ Channels in which there is a probdlem of silting
due to objectionable sediment deposits, and

3. Channels in vhich there are problem_a of scouring
and silting also. |

In the first type ef chamnel, the problem arises when
water contalning little or no sediment flows in an unlined
canal system in alluvial matdia‘l. such water may collect
sediment by scouring and cease to be sediment fres. This
situation can be met with canals tecing off from storage

reservoirs.

In second class of channels, the problem may commonly
occuyr when sédiment laden waters from diversion head works
enter s cansl with lined section or having scour resistent
bed.

In the third caese, the canals in alluvial solls gett-
ing the supplies from diversion works fall into this category.

The following main theories of }design are prwalmtt
1. Kennedy's method '
2. Laceys method _

ouw’\mz

3. Design of none-silting channels.
4. Design of non-silting chamnels.



Thoe first tvo oro appliecable for channolo in allu-
vial s0ilos These are based on empirical formulae dorived
after studying various chamels in alluvium.

The third is developed in U.S8.B.R. by Lano vhere
the problem of scour i1s comnonly encountored due to supp-
lies fron rosorvoirs constructed by them. The main princi-
plo 1o that the scour commences when the forces scting con
the particle on level bed or bank are gufficiont to conge
its motion. It 18 based on trective forco thoory.

The dooign of non-pgllting channcls 19 bascd on rato
of trongport of bed load in a channel. Theo main prineiple
15 that part of the sodiment gets doposited on the bed mostly
in hoad roachos if the coarcer ocdimont (bed 1oad) enters
the canal at & rato greaoter thon its carrying copacity.
Varioup equations have boen suggested for determining the
rato of bcd load transport. ’le moot videly used ocquations
aret

1+ Hayor Poter oquation ip based on experimental

work cerried out at Federol Institute of Techno-
logg, Zurich.

2. Einsteins Equation 1s rotionally deorived on

principles of otﬁ%ﬁa and dlgo involves a

nunbor of aspumptions.

The usoc of tho above design practices can bo appro-
xlnatoly gonerallscd as follovs:

1} Leecoyt's formulae aro eppl.ibabla to repime chammels
in alluvial solls with modorate quantity of solidg
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pasoing through the canal ag bod load. Lacoy's
rogime ehgmnels are found to transport aobout

15 to 30 P.P.M of silt in moot cases. Hhere the
conditions of oilt charge are videly different,
Lecey's equations can not gpply. Lacey's channel
is shalloy with flat slope. Therefore, it is to
be uged vhore the ground glope is flat and vhen
comaendability is Aifficult.

2) Kennody's equat,ion' and Chesy or RKuttor or Menningo
equation ¢on Lo usged in alluvial as well gs
non-glluvial ooilo.

3) dhen thore 1s no problem of gilt and prevention
of scour 1s the only criterion, Lane's nethod of
dosign of non-geouring chamel 1s to be adopted,

) then the bed lood to be tronsportcd is more than
30 P.P.M, sediment tranoport formulac are utilised
to dosign the chamnel gection. Moyor Potor's and
Binsteins cquationg may give different chamel
dimensions and olopes to carry the scmoe charge
and sediment load. It mey be noted that the gldes
of a chanmnel may start ccouring due to higher
velocities, Therefore, the chamnol secctions using
these formulae are dosgigned with o provipion of
stabilisation of tho slopos. |

If the gilt concontration is high, 1t may not bo
posvible to ondopt the stecp slope worked out by uging thesgo
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formulae as the gi’ound slope is flatter. In such cases,

a sllt ejector or a silt excluder at head may heve to be
providod such that the silt entry into the canal is reduced
to the level oqual to the silt transporting cepacity of the
channel at the gvallable slope. '

3+2. DLEEERENT APPROACHES | | .

Tho digcherging cepecity of the existing chamel can
bo incroased by different mothods. Each method has got cer-
taln pdvantages as woll as disadvantages. Therefore, careful
seloction of the mothod to incroase the carrying capacity |
of the chamel 15 egsontlial kcoping in view the economics
ond the suitability vith reforonce to the actual problems
in o particular casc. The following are the usual methods
of adjustment of canal scction:

1) Incroasing area without change of surface slope:

a) Incroaging bed viaQth

b) Incroasing full supply depth at the same or
lowered bed level.

¢) Incroasing both full supply depth and width
of channol

2) Incroasing arou with chango of aurraue alope.
3) Lining of the channel.
b) c‘onutmction of parellel channel.

The improvcaents to tho structures will elso bo
nocesggary consequent on the incroase in diccharge of the
canal. The magnitude of the improvemonts to be carried out
to the structures will depend on the method of remodelling
the canal section.



- 3+2.1, Incronsing the bed Vidth

By adopting this method, the B/D ratio 1ziereaaes.
In portions vhero tho existing aligmment passos through an
area vith high subgoil water table and whore further increasc
in tho lovol of water toble may croate the trouble of water
logaing, it is better to viden the canal instoad of incroa=
s}ng full supply dopth in the eanal;ln case of substantial
incroase over oxisting dlocharge, this mothod is not pre-
forred o8 B/D ratic vwill thon becone ﬁnfavouruble for a
good discharging scction. It would not gerve the purposo |
te improve the cormandability or to improvoe the sodinment
transport copaclity.

Exsmple ~ In the phascd progreme of tho Nagarjuna Sagar
Left Canpl, it is plpnned tO increase the first phaso dig-
chargo of the Bongkel branch canal by widoening the canal.
The alignment passos through stiff black cottonboils with
high water table and the topography of command erea is flat.

3.2.2¢ Increasing the full supply depth at seme or lowod bed
Incroase in full supply doepth without incronsing tho
bed width will result in siightly highor velocity of flovy
in the canal and thus scope of its adoption ip dopcndent
on the typo of soil through which tho cananl pasges. If bod
lovel is unpltored amd full supply levol is incroased, it
ngy improve the conmandability of the chamoel and is adopted
wvhore new incluglons of gyscut are contemplated in rcwodole-
ling or in situationgs vhore thoro is difficulty to command
the cxigting culturablo 'commann\ erca. Higher full supply
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lgvol incroaoos the percolation lostos and seepage loscos
ocopociolly whero thero are cnbankment reaches and creatos
favourable conditions for water-loggling. Therefore, it can
be adopted with increase of full supply level where the
vater table is lov and where there is little possibility

of water logging deperﬂixig on the type of soils in the
command area and slope of country. However, the avallable
 hood 18 high and therc are more chances of wastage of water.
then the increase.tn discharge 1a'nubs£am;ially more, tho
chamel pection becomes narrov as B/D reduces to a value less
then ¢hat prescribed for a good dl scharging section,

Hence, it is not applicablo insuch casos.

As the channal to be excavatod is narrow compared
to depth, the width belng unaltered, the sediment to bo
transported per foot width of the canal genorally incrooses.
Furthor, the slope of the canal not being changed, the |
dooign of non-gllting chimnel i:aw not be possibie with
these constraints,

In Nagerjuna Sagar Project, it is proposcd to increase
tho first phase discharge of“Left. Main Cangl by allowing
bigher full supply levei vithout changing the bed wldth
and curface fall in the second phaso of the project vide
toblo 3.1. Tho canal is elipgned along contour and pansos
through non-alluvial soils such as gravel, soft and hard
A ointegrated rocks. The topography of the cormand area is
hilly. The vater toble is lov. The maximum inercese in dig-
eharge in sccond phagse is about 99 of the first phasc dlschargoe.
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‘4~

Incroase in tho full supply depth by lowering tho
bed level 15 just a modification of the method describod
above to roduce the seepage losses anmdl consoquent vater-
logging, if any. It can be applied in spocial cases; tut
it suffors froam the dlssdvantage of negotiation in the ded
levels at the existing structures. A transition ils to be
given in the bed which may rosult in silting ﬁp of the bed.
A recurring anmual expenditure is to bo incurred at the
otructuros of cross rogulators, gyphons, bridges and falls.

3:02:3 ) P . )

The nothods described above are ppplicaeble only
wvhon the dlfferonce botwooen the procont discharge and the
reviscd dlschargs 15 omall. Othorvisc, tho channel section
vill become cither shellow or narrovw. Therefore, to maintain
the dosirnble width/dopth ratio, tho chonnel section has to
be cltered to pecommodate groater discharges kecping 4n
viey the commendebility of the channcl.

This methed 1s ugeful for both alluvial and non-
alluvial chgnnels and pormissible veloeities can be allowed.
The hydrsulic efficiency of the channel may also be satlis~
fzetory. |

Thic nethod will necessitate nojor rcaodelling of
the ptructurco.

Thieo proposcl is to bo finallsed after considera~
tion of water tablc conditions and command t0 be served
by the canal.
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Examplo 1: In Nagarjuna Sagar Right Mein Canal, the first
Qe
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phaso head discharge of @,000 cusee@is proposed to be
(.bs\ Cawnad
ineroased to 2nd phaso discharge of Qy.o O cusecs) by widon-
ing the canal and increasing the full esupply dopth. The
original and revisod chamel sections are shown in Table

3+2. The proposod increase in discharge 1s about 65%.

Fxemplo 23 This mothod was aloo utdilised in Kurnoole
Cuddepeh canal vhere tho cxisting cenal oysteas is not atle
to command the localisod cyecut fully. Hore, the comnand

4! b go Aoo = (12510 hoo
of the canal was increcascd fm<1903,000 acres to 2,78,000
acres] Ap the canel runs through arid rogion and tho topo-
graphy 4s steop, ingpito of provioion of higher full eupply
lovel, no water logging is anticipatod tm4d 4t helped to

improve the command.

3e3e | SING THE ARE 1_CHANGR FACE SLOPE
Change of bed slopo to increcase ths discharge rosults
in changing all the poaremoctors. This means dosigning the
.channel seetion ao a new one for which the normal procedure
of dosign can be edoptod. If properly designed, therc mey
 be no defects in function becousc oll the aspects for a
good ehamél section cen be congiderod freely with no
congtraints. The glope of a canagl cen be made stedper or
“"%‘;‘?’h caoo of ridge canclo. Whore the prohlea of gcour
is experienced duc to gtoop surface falls, flat slopos can
be adoptod in rcaodelling and additional fallo can be pro-
vided. Stegper slopes cen alto be adopted, if ncessary,

by dismantling some of the oxisting falls.
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In casc of contour cangls, it may not be poosible
to alter the slope .f the canal in consideration of ccamand.

Hovever, the structures on thé canal reguire major
rcaodolliing or sometimes even reconstruction and the cost

of rcaodelling the structures mey be high.

3.4 LIMING OF THR CANALR. | |

By providing lining to the exiéting candila, the
coofficient of rugosity Mt rédﬁces. Thoreby, the dischare
ging copacity of a conel incroases. Yhe scopage ond perco-
dation losgsep can be reduced and more water can be conserved
to utilige it for oxtending tho scope of the conal gystem,
if posoible. If thore is no spope of incroeasing the ecommand
area, the wvator o saved can be utilised for intengive
irrigation. The itrn.ng of the canals is advantageous not
only to reduce the socepage losses in high cmbsnknents, but
also to prevent water logging in the flat topography of
the command area whore the wvater table is Jjust a fev feot
balovw the ground level. This method is expensive though
good for adoption in dolta aress and alluvial plains.

Where conjunctive uss of ground water and gurface
waters aro ylamed, congequent on lining the canalsy, the
recharge to ground vater resoxrvolr may be offectod duc to
roduction of scopage and porcolation losses. In rguch cases,
the rosource 1s also affected by lining amd planning has
to take thlis agpect in astcount,

Lining of eanals may thoroforo not be justified in
the casoc of scasonal Kharif cangls fulfilling the objoect
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of artificlal rechargo of ground wvators ap vell for reuso
during tho rabl scoson vith the provision of tube wello.

Exanple - Pochempad Project is 2 major irrigation project
in Andnhra Predesh. The cangl Ls unlined in the first phase,

Q- 8oxr 3 M
vith a gection of (1 &2’“ x 12.7?35& the head with aido glopes
of 14:1 and surfaco fall of 1 in 10,000 to carry 5370 cnaeca)
The semo gcgtion vhon lined 1s designed to carry the

242 S Lumen

roquirod dlscharge onéoo cusee@in tho ultimate phase
vith an full supply dopth of (§ Qr f@ wvhoro thore is no cone

Junctivo use of ground vater on large scale.

Tho discharging capacity of o canal gysten can be
incroascd by oxcavating o nev chonnel perallel to the oxis-
ting canal for the additional dischargo.

In this nmethod, thore are fovw conotralnts in derign
of the cengl section and a bopt discharging section can
be designed froely. The problem 1s vhether to provide a
cozmon bank for both the Cangls or soparate banks with
pufficient distance in botwoen the channels which will
dcpond upon the safety requirements under all operating

conditions as also need for dralngge of areap between the
channolg, 1f any.

Thore will be no or littlo digruption of supplies
to the oxisting comaond area during tho construetion per-
iods of remodelling. At the position of outlots oponingo
nzy bo necossary.
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In tho casoc of contour candla pasoing through tho
infertile lands where the cost of land is low, the parallel
chamel nmay be oxcavated on the nigher gide of the oxis-~
ting canal. This vill not only save the cosgt of land but
also reduces the 6ost of outlétap

In vell doveloped arcas the cost of land is high.
Parther, the oxtent of land to be ac@:l.rea for the excava~
tion of the canal is more than that required for othor
mothods of rcaocdclling, thus incroasing the total cost of
remodelling.

The totel mambor of addi{ional structures to be cons-
tructod on the parallel chammel are plmost equal to those
on the oxisting system. This involves huge expendituro.

Tho refore, final decision on tho adoption of this
nothod may be tcken after wolghing all the factors such
as coot of land scquigition, cost of structures otc. in
this case compared wvith the other mothods.

Tor the phaocd progroamo of Sarads Sahagyek Project
in Uttar Pradesh tuin channecls hema_ been adopted for tho
maincanal in the head roachos with less disruption of eidse
ting orrangcaonts and for realisation of bonefits to start
early.

The merits end demerits of each method have been
dealt in the preccding paragraphs. It is not possible to
gonoralise the edoption of the above nethodg. However, the
following are fov of useful guigelinos for use in selection



of tho methodg, cconomic aspectg will ofton govern the

selection:

1. Methods described in 3.2.1. and 3.2.2 are sui~

2e

3.

b,

5

table when the inereasc in discharge 18 cmall.

When the increaso in discharge is substantial,
methods given An paras 3+2+3 and 3.3 are applicable.

Method 3.3 1s foaolble 4in case of remodelling
of canals vhoro tho problems of silting or scou-
ring are to be nitigated.

lMothod 3.4, lining of the cangls may be adoptod
to provont percolation, sespapocs; water«logging
ond geour gp oleo part of overpll gystea vhen
conjunttive uge of ground wvater and surfaco

vater is planned.

thile fixing the full eupply levcls, the commane
daebility and the problem of water-logging thould
be kopt in view in gll the nothods.
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CHAPTER &
MODERILSATION OF EXISTING SYSTEMSB

%.1. GENERAL

As alroady discussed in Chapter 2, modernigsation of the
cxisting system noy become necogsary in view of the changed
conditions in tho command arca or to remedy the éhertcamings
of tho gystca for meeting its nceds.

The ain of modernisation is to optimise thc bonefits of
agricultural production within tho commani vith the guppldoes
avallable in tho oystcn tokting sdvantage of the modern concepts

of dosigno of canols ond ptructures ond those of irrigated
agriculture. Tho modernisation will include:

1+« Renodalling of head vorks

2. Remodelling of canals with lining ond drainage
as intogral part of system

.3‘ Modern proctices of water use management for irri-

gated agriculture.

Alnost ell the divorsion hond vorks which were once
connidérad as typical excmples of voir and barrage construc=
tiong, have since beon roplaced by modorn gtructures based on
latest theories of dosgign and control fopr feeding the canalsg.
This aspect 18 heyond the scope of thip dissertation. Similarly
the aspeet of irrigated agriculture through inseparable from
the nood of remodolling has not been dlscusscd in detall here.

Only, romodelling of the conveyance system has been deseribod
and studloed.
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The changed cropping patterns based on the ever increa-
sing needs ani to sult climatology and soll and land classiﬁ.é
c_at:!.on require additional supplies for inéreased sgricultural
production.

The modernisatien of the canal system envisages improve~
ment of water use efficiency and level of service by it through
sultably remodelling the canal system. It can be achieved by
overcoming the defects in designs, by increasing the conveyance
efficlency through reduction of conveyance losses in canals and
~water courses through proper chamel design and provisien of
lining and by better use of land through provision of dralnage
facilities. It can further be helped in stabilisstion of the
supplies throggh provision of conjunctive use of ground and

surface waters,

‘The channele requiring moderni sation may have problems
of silting, scouring or both, of incorrect allgmments, of weed
growth and of inadequate sections or the structures. Sometimes,
the structures may have ocutlived their life émd may have been
damaged or likely to be damasged due t0O gevere operating condi-
tiona and may require remodelling or reconstruction.

The peréolation losses may be high and the chammel meay
need provision of lining to reduce the losses. It is more
important in cases where ground water exploitatien may not be
possible or return flows may be peor in quality for further
uge. Sometimes, only special reachea in high porous strata

may need treatment. Water courges account for substantial losses



of supplios at outlets and thus mgy need lining to an extont
it may be desirable bagsed on thelr period of use.

' In all cases of modernisation, the first step is evalua~-
tion of the oxisting conditions in the comnand area. It involves
collection of data such as characteristics of command area
including climatology, soil and land classification, land use,
and water teble and dralnage. Statistical data about prevalent
cropping patterns, agricultural prectices, irrigation facili-
ties and lrrigated crops with arcas has also to be collectod.

surveys are confucted to know the provlems of cansl and
their structures and to collect the data to considor the mea-
sures necessary to rectify the defects or to increase the

supplies.

The d-ata; so collectod is useful to evaluate the demand
and other problems in the exioting system. For exomple, from
the particulars of land uge, it can be geon vhether therc 1s
any scope for incroased agricultural use or for reclaiming
water logged areas or galinc landp. The possibilities of expl~
oitation of ground water vithout or in conjunction with the
surface waters can bo exanincd based on the recharge concopt
and quality of ground wators. The knowledge of existing crop~
ping pattorn, the soil and land classification, and prevalent
agricultural practices is useful to decide upon a realistic
cropping pattern likely to develop. The observations of the
crop vater roguircacnt undor ecxisting conditions in tho command
areaq, elinatology and efficioncy of application at the field
help to know how oy supplies are to be arranged. thore thero
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is possibllity of conjunctive use the lining of canals along
vith dralnage facilities arc planned as integral part of the
overall gysten.

The next éte_p is appralsal of the rescurees including
ground vator potenticl. It 1s ascortained to vhat extent the
supplies that roach the field are sufficlent to meet the demand.
In these propossls, the gossibﬂ.lities of dive:sion of supplies
from other basins are not considerod. The problens in that caso
wvould be diffoerent as discussod in Chapter 5.

Based on the exlsting conditions, the prohlems in the

systen are identified and fom the base for teking a declsion
on _am.table method for modernisation,

Knouledge of the physiogrephy of the canal command is
necessary to have a gonoral idea about the irigation methods
8s algo asbout the systems that ngy be adopted. Information
about the topography vhethor it is flat or undulating or the
terrpin compriseo hills, the alluvigl plain or delta. The data
also reveals possibdlity of better agricultural practices of
land levelling ahd soll managcnent. The data about the natural
drainage of the command rogarding their pattern, sizes and
shapeg of thoir catchments 1s also raquired. Extent of agricule
tural development, scttlement ani distribution of population
and their occupations, and soclo~economic background are te be
ascortained. Position of employment is to be known. All these
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factors influence the trond of devolopment and thus estab~
iich the demnonds.

Ws2.2, Clinatolony

The vator noedav of a plant primarily depem& ;gteoro—
logleal pargmotors. Water loss by plant is goeverncd by
weathor pargactors such 86 teaperature, radiation, humidity,
wind velocity etc. The rainfall supplies part of the consumpe
- tive use by the cropss The climato in the command area hoe-s
& great influcnce on the crops that arc grown with or without
Srrigation facilitica. The following data 1s,ttiararore, |
coileatedz |

1. Honthly rainfall and its dlstritution.

- 2+ Pon ovgporation and ovopo-trangpiration.
3. Taaperaturo, wvind veolocity, radiation, humidity etc.

If adequaté network of meotcorological stations for
collection of the data do not oxist in the command, nevw

stations are set up and observations are contimed.

The cropping patterns depend upon classification of
goils ang their intorpretations. These interpretations alsge
help to establish requiremont of land development, oppropriate
zz;etuods of opplying vater, problcos of drainage and salini-
ty otc. | |

For this purposoy comprchensive soll surveys arc
conducted, Aif not avallable. Information about torroin, water
tabloc and drainage arc olso necled for land classification.
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Those surveys are carried out as per standard procedure
indicated in the Doil Curvey Manuaol (Revised Edition 1970)
of the vator Monagement Division, Ministry of Agriculture,
New Delhi.

The statistical lend use data regarding the gross
cormond aroa vhich is usually dofined by t.hé tvo drailnoges
on either pidec of the conal, is compiled. The area undor
forosts, barren londgy land on uso for non-agricultural pur-
poses 1o collccted. The particulors of land under pasturcs
ond tree crops, culturgble woote, fallow land ani total sown
areas are obtgincd. The cxtent of irrigatod land under the
oxisting oyntca with particulars of ginglo eroppod arca and
double cropped arco 18 also agcortained. This information
“indicatosn the posnibilities of increase in cultivation, crope
ping patterns and their intencitica.

%,2.5. Drainage

Information has t0 bo collected gbout water toble and
drainago outlots. Adequate drainogo facilities are to be
provided in the comnand arca to draln arcas quickly in case
of ozcossive roinfalls and to safoguard against water logging
rosultent from thoe introduction of intencive :Lri:d.gatien, as
aloo to reclaim wator logged orcap for culturable use.

The cropo arc adversely affoctod by submergence or by
wvater-logging due to risc of ground wator tahlo and therofore,
both surfaco and sub-surfoce dralnogo facilitics are necded.
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In planning modifications of existing systems, ade-
quacy of the exigting drainage facilities has to be ascer-
tained. If thezpe are not adequate, additional facilities are
provided to take care of the problems of drainage.

"“haiﬁw

The statistics of existing cropping pattern and area
under various crops in dlffepent seasons as also of the extent
of irrigation being practiced for varidus crops are collected
for few years to know the present and ferecast the future
trends. It revegls the attitude of the famners to crops
depending on their utility and market velue. It highlights
the def.’icienciqa'ln wvater use and provides guldeline for the
prineipsl erops and revised cropping patterns likely to deve-
lop. It also gives an indication to what extent the irrigation

_ can develop. |

W.2.7. Fleld Irrigation Demgnds

vhen data in regard to present cropping patterns,
irrigation use amd pra.gtieea is studied in the context of
characteristics of command area, 1t 4is possible to forecast
the c¢ropping patterns and intensgitles of irrigation likely ®
develop with the asgistance of specialists such as irriga~
tion engineers, water .manaaement engineers, eoil scientists,
agronomists and economlists.

Losses occur in application of water due to unegual |
distribution of water over fleld, deep percolation end
waste at borders. These depend grestly on the water use and worepm

. proabiea
ane ons. @ccounted for in the asgesement of the field irrigation



410

raquircments for vhich tho gystem 1s to be remodelled.

4.2.8. Hator Uge Henagenont
Tho application effiéiency represonts the percentage

of wator atoréd in the root gone of the soil for usec by plants,
to the water deliverod to the field. To obtain the increased
efficiency, it 1s necessary to use proper mothods of irriga-
tion to =uit the soil and land characteristics, and topography
and to adopt botter water menagecmont and agricultursl prace-
tlces. Hater use cfficicney increasos greatly also in the

foce of command area development activitlies such as land
lmelling, s0il monagement, provioion of adoquato ficld
channels and drainago. The pmﬁa:l.on of facllity of freec
tochnical kmﬁhow to farners for dligmaont of ficld chemnels

is o nocessary corollary.

scheduling of irrlpgotion as per roquirements with
rogpect to types of crops and the soil limited by avallable
guppliies will be holpful. But it requires contml on the
cropping pattorns. 1n absence of such arrangements, intro-
duction of turn gystcm on tho lines of Wara Bandi gystem in
Punjab or Osra Bandi &ystem in Uttar Pradesh is helpful.,

Provision of adequate telecommunications on the canal for

‘operation of agystem ond enforecment of wvolumetric supply of

irpigotion uvator from outlots contrelled with locking arrange-

nontg too pranctos economie wator use.

Provision of faecllities for supply of new improved
varicties of geeds, fortiligers and agricultural impliments
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to farmers will oncourage adoption of inproved nothods of
agriculture. Above, alongwith creation of facilities to edu~
cate the farmers and train them to tako to improved varieties
of oeeds, groater use of foertilisers, better impliments and
tools to 1mpmvé& agricultural practices through demonstration
farms and sndio-vigual media and free advice through extension

vorkers will promote ceconomic water use.

o3+ APPRALSAL OF REGUJRCES
Ba309, nox.

Appraloal of avalleble wator resources is the basice
requircment for planning to oxaemine vhether the demands can
be met by the avallable supplics. Both surfgce and subsurface

wator resources are accountod for plamed utiligation.

In assessment of water agvailable, it is importaent to
agcortain not only the total quentity within a certain period
of time, but also the dlgtribution of the available quantity
with regspect to both area and time. The quality of wator is
alco equally important.

The pattern of supplies of a river may undergo drastic
changes consequent on construction of nev irrigation works
on tho upstreen sido of the exipgting heed works, gSimilarly,
tho recharge of ground water may incroase congeguent on intro-
duction of irrigated sgriculture. In viev of these changes,
latoot doto 1¢ to be collected before remodelling of any

syotem 1s contemplated.

The actual utilisation of these resources is to be
ostimated to decide upon harnessing of availableo supplies and



to remodel the exlisting system.

ba342. §, urface supplies

The supplies of & canal gystem may be avallable either
from g dimepsion head work or a storage reservoir. In case of
diversion canai gsystem, the discharge data must be collected
for sfficlent long period. Adopting a sultable dependability,
ghg dependable supplies are computed. The supplies mey be
'gu?p:}.us in certaln periods and can be consgidered for utili-
sation in remodelling proposals,

Ih the case of reservoirs, where stream flows during.
the perio?l of atundant supply are stored for releases during
the poriod of deficiency, the yield of a reservoir may change
in ta_co of modified requirements for changed cropping patterns.

This aspect must be considered in finallsing the proposals,

Other supplemental means of irrigation in the command
area such as tenks, surface pumping plants ffom rivers etc.

are also considered. .

v¢3+3+ Ground Water Supplies
When ground water is available at reasonable depths,
it pay constitute an important part of the total resgource.

Becauge ground vater is a"part of the hydrologic cycle,
it should be regarded as a renewable natural resource., Thus,
- econslderation 1s important in developing ground water supplies
and in plamning for long tem utilisation of basin aquifers.
The primary concern is the physical feasibility of exploita~
tion which depends on "safe yield®.
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The data regarding ground water tusge is compiled from
the statistics regarding open Qells and tube wells including
those for sugmentation of supplies in canals. Regarding tube
wells, their number, average yle¢ld per hour and total hours
of working are ascertained. Similar data is collected for
open wells also. The monthly distribution of ground water
utilisation is computed from the above data.

The ssmples of ground water are to be analysed in
laboratory to find out its fitness for the purpose of irri-
gation.

The utilisable ground water for irrigation purposes
is assesgsed from a study of fluctuations of water table and
annual rainfall in the area. For this purpese water balance

studies are made.

W.3.4. Conveyance logsses

Losses occur in the canals and water courses during
conveyance from the head to the fleld due to percolation and
seepage. It 15 denoted by the temm "conveyance efficiency"
which is the fraction of water delivered to the field to the

supplies harnessed.

The quantum of water to be supplied from the source
or sources is inclusive of these losses. This has been enga-
ging the attention of irrigation engineers as early as in
1882~1883. Kennedy conducted experiments on the Bari Dosd
Canal in Punjab (vide Report of the Indian Irrigation Commi-
ssion 1901-1903 appendix page 60) end the following losses

were found for every 100 cupecs of head discharge.
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Losses in maln canals = 20 cupecs

Losses in digtritutaries = 6 cupecs

Losses in water coursges = 21 cupgcs
Other losses at the field = 25 cupecs

Total = 72 cupecs
Thus, the efficiency of the gystem is only 28%.

The losses constitute major part of the cangl dische-
arge and may still on many systemg be as high as 66 percent
or so. Excessive losses have been the causes of fallure of
Kurnool Cuddapah canal system in Andhra Prodesh. Therefore,
estimatidn of these losses and adoption of measures to reduce
then in face of evem increasing demands ani limited resources
is of paramount importance. |

Observation of losses in the existing system is help-
ful in assessment of gross irrigation requirement.
Wb+ DECI
Mh.1. Gene

After evaluation of demends and appreisal of avallable
wvater resources, the next step is the selection of a suikble
method for moderni satien. This depends on the problems and
issues invalveld in each caese. Apart from the probvlems arisen
due to the defects in the initial planning, these arige
mainly from change in pattern and consequent increase in dem-
and. The defects in the canal are identified by conducting
the hydraulic surveys for selection of appropriate methods.
The surveyé are conducted in case of problems pertaining to



the demands also but the methoda or combination of methods

to solve the problems are dlfferent. Hemodelling of the struc-
tures is considered along with the pbaposela for the canals.
If damages exist or are likely to occur, the causes are
studied and the decision includes their consideration.

Longlitudinel section with cross sectlions of the canal

at regular intervals along the alignment are prepared after
cgndncting the hydraulic surveys. For clear visuglisation,
sectlons as per original designs are alsoc plotted on the same
long sections for comparative study. The history of ‘the chane
nel as designed originally and subsequent chan%oa is collected
from ‘the records. Interpretations afa then made to identify
the reachesg having problems of silting, scouring or both,
defectlive aligments, loss of comnand, erosion at bends etc.
In these cases suitable changes in canal sectionsg and surface
slope and in the alignment may become necessary and are con-
sidered.

gome of the existing systems which were :-;nitially
designed as seasonal systems for irrigation in rabi or kharif,
mey be required to provide fecllity in both seasons and may
thus require remodelling. It may become necessary to remodel
the canal due to changed pattern of demand due t0 increased
requirements also, If the pattern of supply from existing
source is adeguate to meet the demand under changed éonditions

in different reaches of the canal to carry revised discharges
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to fit with the demands sometimes, the supplies aré augnented
from dxfains, ponds etc. also in the command, if possibilities
exist,

if ground waters are of proper quality, thelr exploi-
'tauon is poseible ani conjunctive use of ground vater with
surface waters is considered. In case of poor quality ground
vaters, it will not be poesible to harness them. Their mixing
sossioie
with surface waters may in scme casges, be possible depending
on possibilities.

Use of surplus surface sﬁpplies of storing them under-
ground and using them along with surface waters to fit in
~with the demand is attempted wherever possible. Many methods
of recharge are in vogue. situatiors may, however, exist in
some areas, where ground water is being exploited on large
gcale which may ultimately result in depletion of aquifers.
One of the.methoda can be coastruction of Kharif channels
with rice irrigetion for buildaing up of the supplies in the

acquifers.

Lining of canals is one of the maln alternatives to
conserve supplies for meeting demands at the field. Lining
of canals 418 a best proposition where the following problems
are predominent:

1) Problem of drainage.

11) Problem of salinity and alkalinity due to inten-
sive irrigated agriculture.

111) Inadequate supplies at tall end from heavy
percolation losses, and
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iv) Freqient damages at the high banking reaches.

All the possible and feasible altornstives as explained
above are exasined and selection of one or comtdnation of
more lthan one method i,'a_ made depending on the prevalent
conditions in the command,

If problens of agricultural dovelopment arise in face
of 1imited wntor resources and there is no scope for increg-
sing the command area, a mix of methods of conserving the
supplies, of conjunctive use of ground waters and gurface
waters, ond of iinmg of cannls 18 adopted. Decision L3 based
on keeping in vicw tho drainpge requirements and problems
of water logging, pércolation losses, quality of ground water
und» its econonic oxploitation.
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CHAPTER 5

REMODELLING OF CANAL SYSTEMS WITH INCREASED SUPPLIES

5+1. GENERAL

In the previous Chapter, the modernisgation of the
existing systems is dealt with. In this case, the supplies
avallable within the system are utilised to meet the incre-
ases in demands. Sometimes it is difficult to—cope-up-with
Targe—increuses, without consideration of additional resource

| Yo Gopa U ek Aarven. (nicaneana

from outside the camandl in demand on account of extensions
of the canal systems to include newer arecas snd/or to provigde
intensive irrigation facilitles. In such cases addifinnal
gupplies have to be arranged either from the storage on the
upstrean of diversion site or aupgmented from other basins.
The problems of remodelling are also different from those
- of the modernisation.

- The possible cropping patterns likely to develop in
the existing as woll a8 new areas are predicted. The demand
‘and the intensity of irrigation 1likely to develop are evalua-
 ted. An appraisel of the existing and additional supplies
likely to become avallable their pattern is then made, and
capacity of canals at different points to meet the demands
is fixed. In this case, for the structures to be safe unger
the revised operating conditiong, their large scale remodel-
ling also becomes necessary.

In case of modernisation, the collection of particu-
lars ol command area described in &.2 is restricted to exi g~

A}



ting area of the system. In cage of remodelling, particulars
are also requirecl_ for the entire area which is proposged to
be inecluded.

After éoneeuon of the data, an idea about the poss~
ible cropping patterns and intensities of irrigation is
obtained after consultation with specialists. The demands
are then evaluated and ecomomie analysis 18 made to select
the alternative of remodelling that must be adopted. In such
analysis, the field epplication efficiency as would obtain

in the changed conditions ig accounted for.

5.2, PROELEMS AND ISSUES

While in cgse of modernisation, the increased demands
are met within the_eommand by reduetion of conveyance 1ossaa'
by provisicen of lining etc. and by cdnjunctive uge of ground
and surfgce waters, remodelling may need adj@sment of canal
section to cater for additional supplies as well.

The methods indicated in para 4.4.2 are spplicable
in this case as also the majeor remodelling of the ¢eanals that
mgy be inevitable and for which the guidelines sxplained in
Chepter 3 govern. The remodelling of the structures will also
be necessary a&s described in Chapter 6.

5.3+ ALIERNATIVES

Based on varlious m’chods_ of modernisation er remodel-
ling of canal systems discussed previously, all the possible
alternatives are listed out.
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In the cage of modernisation, the probable slternatives

oA JUX~want- § Darkion
are with or without lining and with or without conjunctive

use of ground and surface waters. The drainage facllities
are includ.e'd' as they vary in magnitude in each case.

In case of remodelling with increased supplies, the
scale of remodelling is decme&_ after studying the various
cropxiing patterns and canal capacities. Balending of supplies
and demand are kept in view. All the factors mentioned in the
modernisation are also considered. In these cases stage remo=-
delling may also be taken into account.

in cases, where cbn.}unctiva use of ground waters and
surface waters 1s plamed, the following different systems
will be consldered.

A. In Case of good quality Waters

‘4. Exploitation of ground water by private tube wells
managed by the farmers sni/or public tube wells
dispersed in the canal command using separate or
same water sources as supplimental facility.

2. Exploitation of ground vaters through high cape-
city deep pubiic tubewelld serving as feeder wells
for augmentation of supplies in the main canal.
The gystenm may also have exploitetion through pri-
vate tubewells as well for supplimental irrigation.

3+ Exploitation of ground water through public tube
wells digpersed in the ¢omma:;d to serve as feeder
wells in the distribution gystem with or withcut
large feeder vells and private tube wells.

10 244
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| wells limited by quality and pumping for drainage ,g;o keep
down salinity. Exploitation through private tube wells may
not be possible in guch cases. Some of the altemrmatives may
not be feasible and can be ruled out by study of the existing
conditiong in the command area. At this stage, approximate
estimates may be enough. Once the choice is reduced to few
promising alternetives, then benefite and costs are evaluated
in detall for selection of final plan.

'Sl EVALUATION OF ALTERNATIVES
Gu+,1. Qeneral

1t is likely that no single method for modernisation
or remodelling of the existing systemg discussed earlier may
suit ani a combination of technically feasible methods for
"le.rge benefits to accrue to the people, may be suitable.
Therefore, it is éasential that a large mumber of possible

and feagible alternatives are congidered.

Tt 18 necessary to determine the relative economy of
the varioug alternatives in the programme. The costs and bene-
fits for each alternative are evaluated and the scale of
development is fixed and the best alternative is selected
based on the sconomic evdu@ti.on by comparison of bvenefits
and costs. All the benefits and costs are translated to a

common basis a8 to time addpting s suitable rate of dlscount

and period of analysis (economic lifq) + The choice i3 generally

in favour of the slternative vhich maximises the net surplus



gain. The soclal agpects are also considered in final
sélection.

The economic analysls is simple when the benefits in
each alternative plan are predstermined. In cage of moder~
nisation, the 'cropping pattern and 1ts intensity of irriga-
tion 1s generally known in view of the existing conditions
in the command area namely soil and land classification,
¢limatology and agricultural practices and therefore, the
selection of the best slternative is simply based on compa-
rison of annual costs only while in situations where remode~
lling for increased supplies is contemplated, different
cropping patterns are considered aleng with feasgible alter~
natives and selection of the slternative with eppropriate
canal capacity 1s msde. |

5.%.2. Measurement of B@gf@,tg
In edonomlc analysis, the primary benefits which can

be evaluated in market place and can be asszigned monetary
value are accounted for. Benefits in the dlscussion here denote
net positive benefits after allowing for adverse or negative
benefits.

These benefits represent the value obtained from the
sale of project produced goods anﬂ' sexrvices and aslso the
. benefits accuring from physicel effects of the project on
the user as contrasted with effects tranmmitted tﬁx'ough market
trangactions. In the case of remodelling, the primary benefits
are, therefore, the net annual agricultural income from famn

produce before and after remodelling.
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The secondary benefits from increased activities of
processing, marmfacturing and trade from the increased empe-
loyment opportunity from new Jobs created to construct,
maintain and operate the project may be importanty but do nét
appear in the computetions.

Intangihle benefits are extra market benefits that
cannot be assigned a monetary value. These benefits include
. greater stability and welfars of community, strengthened
security, better diets and health new opportunities for
sottlement, employment, and savings in earnings of foreign
exchange by reduction of imports and increasing the exports
of agricultural production. These will only influence choice
indirectly.

The farm costs required to prepare the land for frri-
gation, comvert to a new cropping pattern and purchase of
machinery required by the new crops is also considered.

5.4.3. Messurement of Costs

| In case of remodelling with increased supplies, the
costs cover the modificationg to canals and structures,
provision of lining and installation of tube wells, if any.
Drainage facilities may be required in the command when inten-~
sive irrigation 15 contemplated and is also taken into sccount.

The costs comprise not only cepital cost ut also
operation and maintenance charges, which inc’lude anmial
ropairs, maintenance and operation of works, power charges
etc. apart from modifications to canals and structures, pro-
vision of lining, installation of tube wells etc.



5.5+  CELTBRION FOR SELECTION

Economic efficiency is generally the criterion for
selection of the scale of development, The anmal cqsté,
anmial benefits and net social beneﬁts-are‘calculated.
No alternative where the benefits do not exceed the costs
18 selected. The alternative where marginai benefits equal
tp marginquizhiaqpted in case the resource ig scarce and
- the scale of development is considered upto a point where
the benefit-cost ratio is again unity.
The same general criteria will ga#arn decision on

the scale of remodelling.
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CBAPTER 6
REMODELLING OF STHUCTURES ON CANALS

641, GENERAL
At the time of original construction of structures
on the old canel gsystems, the designs might be based on the
then prevalent knowledge of engineering technology. In the
face of great sdvancement in the technique of design and
constmction of structures, regulating structures such as
falls, regulators, eross dralnages etc. may novw appear to
suffer from inadequecies of designs and may rogquire momo-
delling to ronder them safe. fuch situations can arise as
follows: |
| ‘(1) Inadequate length of f{loor and downstroem cut-
'orr from consideration of piping for the struc-
tures on permisable foundations which can canse
undemining of the found.tions due to steep exit
gradionts and the structures nay rcnein in per-

petual dongor of denage due to "piping".

(11) Insufficient length of floors with and without
~ provision of friction blocks and end sills from

considerations 6!‘ dissipation of cnergy at the
folls and regulators vhich may recult in erosgion

of loosc epron and block protection or damage

floor or croate scour holes in bed.

(141) Insufficient thickness of downstresm floor from
considoration of uplift prescures on foundation

floors and unbalancod head duo to formation of



(iv)

S {v)

(vi)

T

(standing wavo) hydrewlic jJymp which may cause
cracko in the floor,

Insufficient depth of cut«off walls on the upse
tromm and downstream of the structures with respect
to scour, vhich may result in dznage to the floor
and in formation of the scour holes.

Incorrect assumption in design, with respect to
retrogrossion on ccecunt of which the &Auator
levels may De lowor than ascumed and may create
unfavourable conditions for fommgtion of the
hydreulic Jump resulting in dcaages to the floor
and protcection vorikg.

Invostigations ngy have been insufficient or
the possible operating condlitions might not have
bean visualisod at the imitial stage vhich may
also load to inadoquate design, and
Provigion of structures on tho soil foundations
comprising more than one type which can ceupe

eracks in the structure due to unequal settlement.

The structures may not be able to withstand the londs

under the designed conditions due to adoption of improper
methods of construction not conforming to the standard spoci-
fications, and demages may occur in the structuros that may

need strengthening or reconstruction.

The sgtructures that mgy have cutlived thelir nomal

life and are showing signs of deterioration mpy require

ranodolling or reconstruction. In the lator case, it moy be
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necessary to build them at a new site when foundations may
have been rendered unsafe. The structures may glso regquire
remcdelling if increased su;;pli.e;s are contenplated to meet
the changea in pattern of demand and require modification of
operating cenditiens. ﬁany striuctures may mﬁ remain safe
under the revised operaﬁing conditiens. The uplift pressures
and the exlt gradients increase on regulating structures and
the energy dissipatien arrangements are rendered inadequate.
The conditiens beceme severe if the structures hgve besn

suffering frem ingdequate designs.

In all cases of remedelling, data has to be collected
te study the problems, frsme the issues and select a suitable
mothod of remedelling such that the structure 1s sefe under
all eperating cenditioens.

6.2. PIOBLEME AND METHODS

The pwbléms can be broadly clgssified into two cate-
gories, the one relating to the structures having inadequate
designs or improper construction, or in varisus states of
deterieration or danage and the other relating to structures

in canals where increased supplies are proposed.

in the former case deta is to be collected to know
the particulars of design and congtructien in respect to
orie.inal' works and subsequent modifications. The detailed
history of operation of the canal, its discharge and losses
and performance of the stmictures are studied. All such
information is useful to identify the problems snd to arrive
at the gppropriate methods. |
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If the problem 18 due to piping it éan be solved by
provigion of deop cut»off vith or without extending impor-
" vious floor. The dotails are workoed out after analysis of
uplift pregoures and scour depth.

If the dowmstress floor or protection works arc inade-
quate suitable enorgy dioglpation devices wvith or without
oxtenplon of the floors‘are provided to disgsipate the excess
energy of flow ond bring the velocities vithin nomal limits
in the canal scetion. If tho dlssipation of energy canmnot be
achieved on tho downstroszm floor bars in tho bed or other

arrpngenonts aro considorod.

Inadequacics in thickncss of downstreem floors are
handled by replacement of gtone masonry égé brick masonry
topping by plain or roinforcod concrote to mato the floors

stablo against uplift and unbalanced pressuroc in the hydra-
lic jump trough.

Incroase of insufficlent cutoffs on the upstreesn and
downgtroan floors new cutoffs dre provided to the desired
loval to make the structure safe against ccour. This may need

strengthening of the floors.

W eaknan™> ‘
If tho incotness has resulted from improper mathods

of congtruction strongthoning or roplocomont of tho various

components is necessary .

If demage has elready occured reconstruction with
all the gbove precentions uging modern concopts of design
is the solution.
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In casc of increaged supplies, remodelling vill cover
most of the structures on the canal systen and accordingly
‘a1l data as in the former cese ns well as for future condi-
tions will be required.

If the increagse in ;txe carrylng capacity of the canal
is small, 1ittle remodelling of the structures maey be necded.
If however, there is substentisl increese in capecity of
canal, the structures may require large scele strongthening
" or reconstruction. It will not dopend on the total supplies
but on the discharge capacity to be provided in the canal
dependent on the method of meecting the demands as indlcated
in Ghapter' 3. Sometimes, flumming of canal at tho gtructures
may be possible,

For large inerocase in dischargoes, the canal is usually'
reaodelled by incrossing the uidth of conol a8 well as full
supply depth often without changing the surface slope. If
increase in depth by ralsing the full supply level is con-
templated the structures are required to withstand more
adverse operating conditions, 1If deepening 61’ bed 18 proposed,
guitable transgitions in the bed are to be provided to nagotiate
the differcence in bed levels at the stmctui'e. The founda-
tions mgy necd strongthening in this casc. If flumning 1is
feasible atmuiﬁm?mcgﬁ\:lw&? a‘i\ som;aeceasary The velocity
of flov increases at the structure and therefore, provigion
bf’ rovetnent or lining may be found necessary. If fluaming
is not poesible, then the width of the' canal is also proposed

to be increasped at the site of structures, diomantling of
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abutments atleast on one side and their reconstruction is
required.

The methods applicable to various regulating cross
drainage, bridges and outlets in different situations have
been described below,

atin tur
(a) Begulators
These fall into threo categorios nenely;

1) Cross rogulators
i1) Offteke regulators
11i) Bpcape regalators.

The principles of design are similor in all cases
though the operating conditions are somevhat different.

In cgee of croos regulators the bed level on the ups-
tresm ond dovnstroam is gonerally tho scme unless a fall
may have been constructod with it: whoreas the bed level of

offtakc or escepe regulators is dependont on its cross section.

The oscope regulators are operated to release the
surplus waters in emorpgencloes only and thus are subjected to

less severe conditions.

The operuting conditions for offtake regulators are
more povore ag hoad repulators operate with varying diccharges
and may be closed when there is no demend ox for repairg.

This 1s accounted for in degign by selection of suitable
allowable exit gradlent.

The plers, abutments and gates are stresoed to maxi-
man when the gates are closed and water 10 upto top of gates



and no water on downstresm side. The uplift presgures and

exit gx?adients are also maxft_mum under these¢ conditions.

Accordingly increase in bed width is teken care of by
extengion of waterway, by provision of additional spans.

The existing abutments and wings on one gide or both
sidos are to be digmantled and reconstructed.

But 4in case of full supply level, strengthening of
abutneonts, ﬁngs ond plers ore neceésary. Modifications to
- gates in rospect of helght and sizes of its components are
opsentially required. Depending on ﬁhe discharge, the type
of onorgy dissipation arrangemonts i.e. ciptorn, friction
blocks ond eill ote, are decided keoping in view the ocono-
nics also.

Tho length and thickness of impervious floor are

incroased in view of exit gradient and uplift pressuros.

The depth of cutoff wallg and their foundations are modi-
fied suitably based on scour depth, exit gradient and type
of soil to sult the revisod operating conditions. Suitable
alterations tw pi'otec;tion works are also suggested if
requirod.

(b) Fpllg =~
The principlos of dosign for pogulators |
are applicable to falls as wall. The difforonco 1s that
the falls are subjected to lesser sovere operating conditions
in viev of lesser fluctuations gs compared to rogulators
which may roquirce heading of water on thoir upstresm or due
to regulation of offtskes.



2) gross protnage Works
(a) Drainage gSyphbong
In case of drainage syphons the loading on all
- members of drainsge barrels, arch or roof slab, the abut-
_ mentay and plers, and the floors depend on the depth of flow
in the eanal. The worst condition may oceur when the drain
~is empty and the canal runs at full supply level.

If change in full supply level is not contemplated,
though the canal be depressed on eithey side of the structure,
the remodelling of the structure will require extension of
barrels to sccommodate chgnges of width. Dismentling and
reconstruction of drainage wings and extension of masonry
floor, blocir. protectien and launching aprons mey be necessary.
In cases where increase in full supply level is proposed,
the problem will not remain simple when the members are sub-
jected to higher stresses than permissible values. Then the
strengthening is needed to bring the stresses in permissibtle
limits by adopiing eppropriate methods.

(b) Cansl gyphens
In cpse of canal sgyphons, the structural members
will be stressed to maximum when the drain is rnning at
maximum fleod level and the canal is empty and therefore,
the increase in digcharge of canal does not govern ma';r

structural design except in case of substantial increase in
depth of canal.

Additional barrels on one oi' both si.de: of the oxis-

ting barrels to accommodate the increased discharges hgve
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in any case be provided. If reconstruction of barrels ofben
ig not necessary, the extension ngy often be done with the
side of oxlsting barrels. The approach and exit transitions
are to be dlsmantled gnd reconstiucted to suit the nev bed
vldth of canal. |

() Agueducts |
In aqueducts, flumming of canal is usually resor-
tod unless there is substantial increase in canal discharge
is envisaged in remodelling, vhen parallel agueduct is provided.

In cese of renodelling flumming is contemplated on
upstreen and downstrezn and the structure 1s strengthened.
I1f aqueduct rests on arches over the drainage vents, thore

is greater scope for remodelling.

Nandral aqueduct on Lover Ganga Canal vhich was ori-
ginally designed to carry o diccharge of(M000 cusecs)was
2.2 S Waann
romodelled in gixties to accanmodate@ﬂa cuaecsy vith incre-
aged depth of flow in the trough. Now for additional increase,

a parallel aqueduct 1s ernvisgged.

(4) Inlets

If remodelling of the canal o decided by deop-
oming without changing the full supply level, the remodelling
of inletp is not needed. |

If full supply levels are proposed te be raiged in
remodelling, the present inlets mey not function when the
canal runs at full supply level. The F.5.L. will be higher
than the slll level of the inlet, creating the submerged
conditions of flow and mapy cause water-logging.
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in any case be provided. If reconstruction of barrels ofben
is not necessary, the oxtension mgy often be done with the
side of oxisting barrels. The approach and exit transitions
are to be dismantled and reconstyucted to suit the nev bed
width of canal. |

(¢) paueduets
In aqueducts, flumming of canal is usually rosore
tod unless there is substantial increase in canal discharge
13 envisaged in remodelling, vhen parallel aqueduct ig provided.

In cese of remodelling flumming is contemplated on
upstreen and downstroam and the structure is strengthened.
If aqueduct rests on arches over the drainage vents, thore
is groator scope for rcmodelling.

Nandral agqueduct on Lower Gange Canal vhich was ori-
13:2 CGemen
ginally designed to carry a diecharge of (4000 cugecs)was
22 S Lraenn
remodelled in sizties to ecccmodate@ao cueecsy vith incre~
aged depth of flow in the trough. Now for additionsl increase,

a parallel aqueduct is erwiggged.

(d) Inlets
If remodelling of the canal fe decided by deep~
oring without changing the full supply level, the remodelling
ol inlets 18 not needed.

If full supply lovels are proposed to be raised in .
remodolling, the present inlets muy not function whon the
canal runs at full supply lovel. The F.8.L. will bo higher
than the gill level of the inlet, creating the sulmerged
condlitions of {lov and mgy cawnse watcr-logging.



3) Bridgep

In case of mcregsed gaige of canal at the site of
structure the free board may be reduced. It is verified
whether the free board under changed conditions will be
adequate. If it is not adequate the superstructure may be
ol smantled and reconstructed unless in cese of slabs which
¢an be raiged. The piers and abutments may alsc be streng-
thened and raised to proper helghts.

Extenpion of required spang will be necessary to acco-
mmodate the additional bed width. In such cases the end
abutment will serve as thick pler.

If the width of the cenal is increased without chang-
ing the F.S.L. at the structure the free board will be suffie
cient and only provision of additional spans medifications
to upstream and downstream transitions will be needed.

) Qutlets -

The outlets are generally pipes provided in the barks
to supply water to the water courses. The discharge varies
from 1/2 to 1% cusecs and the dismeter from W» to 1 ft.
fHiead and tall walls mgy not be provided for small water
courses. Sometimes controlling arrangenents are also provi-
ded. If cropping pattern is proposed to be changed en outlet
the pipe will need replacements j.rit.h larger dismeter pipes.

Thege outlets can easily be refixed to sult changed
supply levels in cangls being simple gtructures.

f1



6.3. DECLSION ON METHODS

The decigion on the methods of remodelling of strucw
tures is generally governed by the type of prohlem encoun-
tered in each case, feasibility of method as per site condi-
tiens, stmctﬁra‘l. soundness of the existing members, cate of
construction 1§1 remodelling and relative economles. Principle
of least cost subject to sound gtricture will govern.
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Modernisation of Krishna Delta System.

7+2.1. Particulars of System and Command area
7+2¢1.1+. Headworks and Canglsg.
7.2.1.2. Command area.

7:2.2. Problems.
7+2.2.1. Growing demands
7:2.2.2. Limited water resources
7+242:3. Difficulties of operation
7.2.2.5%4, Need for drainage.

7+2+3. Proposals.

Remodelling of Kurnool-Cuddapah Canal

7«3+1. Particulars of System ani Command Area
7¢3+1+1. Headworks and Canal.
7+3+1.2. Command Area.

7+3.2. Problems

7¢3.3. Proposals.
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CHAPTER 7

CASE HI STORLES OF REMODELLING

7.1. GENERAL

The case histories qf the two remodelling works in
Andhre Pradesh namely 'Modernisation of Krighna Delta System®
and the other "Remodelling of Kumool Cuddapah Canal" are
deséribed in this Chepter to give an appraisal of the problems

met and solutions adepted in each ease.

The proposals for the former project are under preli-
minary stage of project-formuletion. For collection of data
and to suggest a detalled plan, an organisation called Moder-
nisation Cell Comprising of a team of Engineers, solils and
Agricultural Scientists and Statinticd officers has been
constituted by the Government of Andhra Pradesh State.

The latter project had many defects of dezlgn and opera-
tion in the old system, originelly constructed in 1866. Its
remodelling hag been complieted in 1960 to remedy the defects.

7.2+.1. Particulars of Commang Areps ang the System
7+241.1. Head workp and caengly
Krishna is one of the major rivers in India
and the biggest river in Andhra Pradesh. It originates from
western Ghats and dralns an area of 13—,-2;;3;33 sq.km, It carries
an enormoug flow during monsoon period. Britigh Engineer,

Sir Arthur Colton bullt the delta irrigation canal system
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including the headworits at Vijayavada in the year 1859 to
harncas 1ts suppliese It is malnly due to this sytem that the
Andhra Pradesh is knovn ag Rlce Grannery of India. It was
orliginally contemplated to provide Irrigation facilities to
an extent of (6 lakh acres) 2.W43 lakh ha.

As Krighna i1s a non«percnniel river the flows in the
system did not have, during Decomber to May, adouquate suppe
lies to mect demands in Robi secason. Aftor the construction
of Hagarjuna Saggar dem on upstrech side, the situation has
improvod and stable suppliesp are now avallable in the system

from the roservoir in lean perioda,

Original volr aftor gerving for 93 yoors wvas dendged
in 1952. A modern barrage c¢alled "Prekasem Barragoe® was built
almost at the dam site in 195+ to 1958 with a highor pond
lovel to make possible draval of larger quantities of water
during the critical period of crop growth namely transplan~ -
tation and flowaring season. The canal gysteas on both sites
vere also remodelled to entend the irrigation facilities
to (12.5 lakh acros) 5.06 lgkh ha.

An index plan of Krishna Delta ond another plan show-
ing the conal system are appended vide Fig. 7.1 and 7.2
rospoctively. liost of tho main cansls and somo of the bran-
chos of Krishna Delta systcn are both irrigation-cum-navi-
gation canals. The head discharge of the left end right glde
canals are (11,000 cusecs) 311 cumccs and (8000 cugocs)
226.5 cunecs respectivaly.
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724142+ Command Area
The command area comprises of rich alluvial

deposits. The topography 1s very flat with a siepe of gbout
1 4in 5000 at head to 1 in 10060 at the tall end, the command (s wsy
situated in the delta area along the coast of Bay of Bengal.
The area is thickly populated and agriculture is the main
industry in this area. The gverage rainfall in the area is
(1.7 inches) 105+ mm. The rainfall pattern varies widely
over the commangd ‘area. The coastal taléks are subjected to
active north east monscon (Oct.-Nov.) whereas the interior
upland areas are served by South-West monsoon (Jun to Nov.).
The temperature in the upland area is mere than at the sea
coast. The annual pan evaporation figures at Gamnanaram and
Masulipatnam are (115.0% inches) 2921 mm and(96.81 inches) 24 be ~m
respectively.

There are wide differences in soilgclassification as
well in the commend area. The high level delta between (40 ft
contour to 10 £i) 12.19 m 0 3.05 m contour is mostly bleck
cotton solls. The s0ils between (10 ft. and 2 ft) 3.05m to
0.61 m contour are varying from black cotton, light loam,
saline with sandy patches. Considerable arecas are subject to
wvater-logging. The soil classification for the area is as

follows:
Black clayey solls 3.64 lakh ha
Light loams 1.02 hd

Sandy QM0
Total 00 1 allh ha .



Rice is the predominent c¢rop in the delta and covers
95% of the command. Fammers have gained much experience in
groving rice crop. Perennial garden crops of sugar cane and
turmeric are the other secondary crops. Pulses green mamire,
and fodder crops such as Dalnche, Pillipesare and sunhemp are
being grown with the residual moisture in the area in Rabi
season or in summar in low lying areas. At present, there are
3,900 filter point wells (shallow tube wells) in the command
to supplement the requirements of perennial crops when canals
are closed. The fammers are using high yielding varieties of
crops and chemical fertilisers in addition to green manure.
The use of mechinery and improved agricultursl impliments ‘
has not yet caught up. The method of gpplicatien of water is

usually wild fleooding and field to field irrigation is in prac-~

tice wnich results in wastage.

The actual irrigation particulars are as follews. The
net command area 18 QE-;Q 1akhs‘).u\ua) 506 Jarclh Kos

As per cropping Actual 1rriga-

attern Qon
Lack EH

—BCres. -,uha«

Kharif
~ Paddy Ist Crop i
Jun-Nov/Dec . 12.00 4.86 11.77 4,79

Perennial crops such
as sugarcane, turmeric

plantains etc. Q. % ,% 0,26 0,%2
Total 12 , 12,03 .

Hghl and gummer
2nd crop paddy Dec~
ApPT. 2.40 0499 2»% 1,01
Cotton Dec-May 0.40 0.16 0.0% 0.016
Ground nut Jan-Apr. 0.5 0,20 0.2 0.08
Pul ses, Fodder,Manure

etc. meFabt s n )-hOO J né! ,,.?'Q a '2 l’

6y
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7+242. Broblems
7+2.2.1. Growing Demsndgy

Though improvenents to the canal gystem have
been implemented from time to time, the supplies are not
commensurate with the tremendous increase in demands conse~
quent on introduction of high yielding varities of crops and
multiple cropping pattern. As observed from the particulars
of {rrigation, the intensity of irrigation is sbout 168%. As
the pattern of demand has changed, it is found dlfficult to
supply water at proper time and in proper quantities during
critical periods of creop growth in transplsntation and flow-
ering staeges.

75202620 Lmt@d ﬂggeg: ngeurceg
The uge of surface water resources ig limited

Lemn
to (181.2 T.M.C.) 5114 m.ecusecs. as per the award of Inter-
state Rlver Water Dispute Tribunal.

The quallty of ground water in the delta area is
saline and brackish and unsuitable for irrigation. However, hie
the ground water in the upland area is of good quality and
can be expleited for irrigation.

At presgent, the supplies for the rabi period are
released from Nagarjunsasager Ressrvoir pending development
of ayacut. Future problem of supplies may arise in rabl as

the source 1s a non-perennial river.

72423« Difficulties of Operation
In eperation of the system, the farmers in the

head reach are utilising more water and are over-irrigating.
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The trangplantation in the low lying arcas is thus dolayed.
‘ These arcas are rather subjected to heavy flooding and sultmer-
ssion due to the cyclonic deprossions in the Bgy of Bengal.
The tillering phase of the crop growth is effected and conge~
quontly the yields are less. Thercfore, properly planned
rostor of water supplies to mect the demand by staggering
the transplantation is necessary, in this low lying area,
to avert demages froo ingdequate supplies.
742.24%. Hood for Drg__inagé |

. As thore are occaglonal heavy and vide~spread
rainfglls in the area under tho influence of cyclonic dopro-
sslons in the sea and the topography is flat, the surfece
runoff is slov and slugglish croating severe drainage congese-
tion and eausing demages to crops. There is big natural depre-
gsion in the cormand area called Ima}ce which 1s also
causing drainage problem due to peripheral sulmersion of
sbout 1 lakh acres.

7+243. Propospls

After the studying the characteristics of the comnand
the trend of the famers etc., the Hater Management Division,
Hinistry of Agriculturc, New Delhi suggooted a multiple crop-
ping pattern with a cropping 1ntcmoit$r of 2324. hilo calcu~
lating the water requircmento of crops, two alternatives wore
suggosted: one with a high systen officioncy (Paddy 76.57, and
other crops 63.8%) with—tho-following and the other alternative
vith a lov gystem efficiency (paddy 67.5% and others 56.257).

The losses aspumed in both the cases are as follows:



Trangmission losses.
Fleld losses for paddy.

Field losses for other .
Crops.

Deep percolation in
high level. ‘

Decp percolation in lovw
lovol.

High Low
Efficiency Efficiency
System. Systca.
19% 25%
109 1048
25% 253
0.12/dsy  0.12/dsy
@e=niy
Nil Ml

For the purpose of calculating the water rcoquiresents,

the ontirc arca 18 divided into three gones:
2SS ™M

(a) High level delta aboveQO ft)kcont.cur occupled

by black cotton soils covoring roughly (7.5 lekh
acres) 3.04% lekh ha. in which intensive irrigation

con be contcmplated.

(b) Lovw lovel delto of mixod soil partly saling,

wvater~loggod charscterised hy N.E.mongoon also
covering roughly (4.0 lekh acres) 1.62 1lakh ha.
suitable for late paddy followed by early paddy

and partly pulse or fodder.

(c) Coastal sandy area covering (41 lakb acres)

O bl} 1&1‘!‘ hac

The suggested cropping patterns end the denands are

shown in Table 7.1. The decnand for the high system efficiency
is (220.86 T.M.Csft) 6257 million cubic metres vhich 1gs prop-

oscd to be adopted.
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It is falt that tronsmiosion losses of 157 is practi-
cable for lined cenals. However, field losses of 107 for
paddy and 255 for other crops isc on lov glde. Hence, it is
suggested that the field 1ossea of 304 nay be adopted and the
corresponding denands are incorporated in table No.7.1. In
view of 1limlted resources, it is proposed to meet the balance
demand of (b1 TeMaCoft) 1160 Million cubic metres partly by
utilising the ground water resources in the upland arva,
partly by consgerving the wvater by preventing the losses in
the gystom through lining and partly by oconomic utilisation
of surfaco water thmﬁgh reduction of field enplication losses
nalting use of better water managcment, crop nanagenent and

poll management technigues.

As the canals arc unlined at present, the conveyanceo
loosos are found to bo coprocieble in sendy coils at the tall
end réachea and high embankment repchos. How water is besing
utilised liberelly and wastod in the heed reachos. Therefore,
there is groat nced to cducato the farmers in proper wvator
and soil nanageznent techniquos. Though the farmers in this
area have alvapdy contributed much to the national eoffort of
increasing the agricultural production, it helps further
improvement 4f they are trained ond puided ot field in the
modern agriculture. m&xtension sorvice 1o propogsed to be

created.

The mixing of sweet cenal vaters with saline ground
vater is also under active consideration. The reuse of the

drainage vater by providing 1ift systems is also contemplatod
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to sugnont the supplies. Filter points (shallow tubewslls)

are proposed to bec increased to utilise tho offluont seepage
from the canals.

When the ayacut undor the Nagarjunhasagar will fully
develop, it will be difficult to supply water to the delta
system for Rabi crops as the pattern of supplies avalleble at
headworks is not sufficiont to meet the demand., Hence, o reser=
voir called "Pulichinthale Rosexrvolr" across Krighna River
in between the Nagarjunasagar den and V¥jayawada 1s being
investigated to meet this situation.

Properly planncd tine toble for regulation of supplies
to advance the agricultural operations in the low lying areas
is proposed to bo enforced to provent the damage due to the
sultmersion of the rice crop immedlately after the transplan-
tation in the tillering phaso of its growth, on account of
cyclonic deprossions in the sea. For this purpose, the ontire
comaand is divided into 3 sones: '

Zono 1 ~ comprising of low lying and submerssible
areas vhere severe drainage congestion takes
place from August onwards under the influence
of south-iHest Honscon.

Zong I1I- comprising of nomal areas vhich arc loss
gupceptible for drainage congestion.

Zono I1I- comprising of lands commanded by high leval
chammels and 1ift canal gchemes which are
loast susceptible to flooding end drainspe
problcus.,
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It is planned to preparc and implement the operstional
programme so that tiranplantation 1s completed before end of
June in Zone I, and before end of 21st July in Zone Il and
before end of July in Zone III.

It is very difficult to implement this progreume unless
the irrigation officers are vested with compounding powers
to deal with the offenders. The draft irrigation Bill under
circulation in Hinistry of A.¢.Govorment will provide such

POVOrS.

Regording drainage problems in the area, the govermaent
of India constituted an expert committee undor the Chairmenship
of 8ri A.C.Mitra to supgest comprehensive dralnago plan for
- the entire delts. Action 1p already taten in this rogards.

The othepr items of work to rectify the defects in the
cenal systea, the rcaodolling of desnaged or outlived structures,
additional bridges, infragstructure facilities vith extension
service arc also planned.

The proposals of modemisation ol agricultural pattern

are teken up by agriculturgl department.

74341 2ﬂEE5&é2£QJuLﬁE&JQL_EﬂJ%ELEQQE@EL_,QQ
7.3«01.10 ad yorin ond con G

Tunga and Bhadra Rivers rige in the western
ghats which join at Kundeli village in Mysore Stote. Tho con-
binod river is called Tungabhadra river which ipg a tributary
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to Krishna Rivor.' It dralns an grea of (24,985 sq.miles)

(3, 96° sqskilometres before it reaches Bunkesule anicut site.
The Kurnool~Cuddpah canal tekes off from the sunkesule Anicut
vhich vas originelly constructed in 1866. It was constructed
by a private irrigation company called "The Madras Irrigation
and Canal Company Limited". The work was started in 1863 and
compl.eted in 1870.

Ho flovs are avallable in the river at Sunkesule anicut
from November to HMay. But regulated flows from the Tungabhaedra
dam which 15 situated at about (145 miles) 232 Kilomotres

upstresn side, are avallablo.

3oy tk :
The total length of the canal is 190 milesy The ayacut

localised in 1935 is (102466 acros), 41466.61 hectares. The

ayecut wag proposed to be increased to (2,78,000 acres), 1.123

lekh hectarcos after remodelling the canal. A plan showving the

canal system 1s enclosed vide Figure 7.3 and 7.4. The irriga-

tion is direct froa the main canal genoral and no ulgger
Autributaries arc providod.

7+3¢1:2. Commangd Arep

The topography of the area is undulating and
hilly at the head recaches. The people are not industrious.
The average roinfall in the crea is (29.96 1nches) 749 2 T
The area is often subjected to severe fomines as the rainfoll
is precarious and scanty. The predominent soil type is the deep
silty clay losm to elay followed by deep clay loams. The slilty
clay loems to elay and clay loams put together cover about 90
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of the area under K.C.canal. The other types of sils encoun-
tered arc sendy loam, loam and sandy clay loam. Before remo-
delling, paddy was not popular though the narrow strip of
land on right side situated in betyeen the canal and the river
vas good land and two crops wero raised. Where paddy wes
grovn, scod beeds vere ralsed only after the canal water vas
let out from 2nd week of July end late plantation was done in
August or geptember. The garden crops ralsed were plantains
and betol leaves in Kurnool and tumoeric in Cuddapah district.
Sugarcane wap largely grown in Nandyal taluk. The dry crops
ralsed vwere paddy, cholaum, chillies, garlic, ordons, cotton,
ground mt, ragl, korra, gingally and horse gram. The faruers
vere backﬁardi Improved agricultural methods, or use of ferti-
ligers in large scale or lmproved sceds were not prevalent
in the area. The cropping pattern before remodelling was:

1. Double wet {1923 acres) 778.20 hectares.

2. Singleo vet (25,347 acres) 502595#2»hectares-

3. Systcomatically Arrigated dry (59,791 acres)
22578 hectares.

. Occasionally irrigated dry (19405 acres) 7852.89 ha.
Total = (1,02466 acres), W1466.61 ha.

8ingle wet area vas given water for paddy in Kharif
scason only. Double wet aren was supplied water for paddy in
both.Kharir and R§b1 seasong. Lands irrigated in 3 years out
of 5 wore classified as systematically irrigated dry and
others arc occasgionally irrigated dry. The discharged wos based

on duty and not on roational method of crop wvater requircmont.

CENTRAL LIBRARY UMIVERSHY OF ROORKR:



78

For wot ¢roys in Kharif and Rabi seasons, duties of (60 acres
per cusec) 757.1 ha. per cumec and(50 acres per cusec) 714.4
hectares per cunmecs were adopted. For dry crops in all seasons
a duty of (100 acres per cusec) 14+28.2 hectares per cumec

vas uged.

7+3+2. Probleams
1. The K.C.Canal vas originally designed and czecuted

to carry (3800 cusecs) 85 cumecs with a fall supply
depth of (8 £t.) 2.4 m in hcad reaches. The anicut
(welr) vas brecched 5 timos in 1864, 1866 Oct.,

1868, July 1882 and 1885 Oct. In view of the fre-
quent breeches, the crest of the anicut was lowvored
by 0.9 metre (from—947-81—to9Puk=81—£¢) in larch
1886, The full supply depth was reduced to (7 ft)

2.13 1 and the discharge to (1600 cusccs) 45.3 cumecs.

2. further, thore is a prohlem of silting at hend as
the head regulator was situated in g unfavourable

locgation.

3. The main problem in this systen was that the irri-
gation potential created vas not utilised even ofter
a number of yoars due to the poverty, laziness and
backwardness of ths people, and the fammors are also
alloved to exercise optional irrigation i,e, they need
not pay water charges if they d4id not use the canal
water, Consequently the canal vas foreced to drav
low supplics as there vas no demand for several

docodes. This led to the silting of the canal section.
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4. The canal in the first (75 miles) 120 kilometres ‘
rung throughout in a tract wvhers the subsoll is
shale and slate in layers badly fissured horizon-
tally and vertically. It was found by geugings that
the scepage logses were vory abnormal being as much
as (1000 cusecs) 28.3 cumees in (1575 cusecs) W,62
cumees of head dlscharge i.e. about 2/3 of tho head
discharge. This has resulted in the staghation of

ayecut in lewer reaches.

9. Problens of operation also arose due to the defects
in locelisetion on gecount of mixed cropping pattorn

under the some outlet.

6, The cultivators showed interest after 1952 to toke
up wet cultivation on large scale (after formation
of Tungabhadra Reservolr on upstream side). The
situation has improved to quicken the pace of dove-
lopment with stablligsed supplies.

7+3630 PEQQOQQQ
The head vorks were remodelied to remedy the defects.

The welr wap strengthened. The location of the head regulator

was changed and reconstructed based on model experiments,.

The optianal irrigation exercised previously was not
allowed, assoclated activities-ta develop the command area

were implemented.

Tho seepage losses were reduced in the canal with a provi-
sion of lining in the first reach of 120 kilometres.
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Relocalisation was duo in 1955 taking into account
the operatise problems as woll as the improved situation due
to the construction of Tungabhadra Reservoir on the upstroan

side. A new cropping pattern was proposed as follows:

1s sugarcane = (13,930 acros) - 5597.20 ha.
2+« Double wet = (10,009 acres) - 40L?7.30 ha
3. single wet = (1,633,447 acres)- 66145.,00 ha.
4. Irrigation dry (90,%12 acres) - 36588.73 ha.

Total (2,77,790 acres) - 12378.23 ha.

The nixed cropping pattern under the outlets is modi-
fied olther to complete bt or complete dry to mitigate the
operation problems. The stabllised flows that could be made
avallable from Tungabhadra Reservoir were tcken into account
in suggesting tho nev cropping patﬁern. The canal systex was
now improved aftor carrying out all the above remodelling
woTit s .
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CHAPIER 8

SUMMARY AND CONCLUSIONS

Bete SUMMARY
The object of this dissortation is to present a review
of the problems in the exlsting canal systems cemging the noed
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of modernisation or remodelling of canals and their structures,

the different methods that can be adopted to solve such prob-
lcap and deciglon-making process to select the best altorna-
tivo plan.

The necd of modernisation arises from changed condi-
tions in respoct of cropping patterns, extensions of facili-
tios and wator usc management within the command. The object
is to optimise tho benefits of agricultural production with
the supplics ovallable in the systecm teking advantage of the
modern concopto of dosign aend those of Arrigated agriculture.
It envisages imnprovement of water use efficiency and level

of service through suitably remodelling the canal gystem.

The channels roquiring moderni sation or remodelling
may have problems of silting, scouring, or both, incorrect
aligments, weed grovth, loss of command and ingdequate scc-
tiong and structurcs. These problems are idontified by conduc-
ting the hydranlic survey of the canal. In these cases,
cultable changes in the canal sections and surface slope,
and in the alipgnmont may be considered. The problem of inado-
quacies in design of canals, head works and other structures
due to limitations of technology at the time of their cong-

truction arc handled by meking uso of the recant advancement



in technology to remedy the defects and render them safe

under all operating conaitions.

In modernisation some of existing systems which were
mitially designed as seasonal systems for irrigation in ‘
Rabi or Kharif may be required to provide facility in both
seasons and mgy thus require remodelling due to changed
pattern of demand. The canal sections in 4ifferent reaches
are remodelled to cérry the m discharges. Exisgting
supplies are considered glongwith amgmentation from drains,
ponds etc. If ground waters are of proper quality, conjunctive
use of ground waters with surface waters is considered. In
cgse of poor quality ground waters, it will not be possible
to harness them. Thelr mlxing with surface waters may in some
cases, be possible and 1s planned. Use of surplus surface
supplies by storing them underground and using them along
with surface waters to fit in with the demand 1s attempted
wvhemever possible.

8ituations may, exist in some areaa}%und water is
being exploited on large scale which moy ultimately result
in depletion of aquifers. One of the methods can be construc-
tion of Khearlf channels with rice irrigation for building up
of the supplies in aquifers.

Lining of cangls is one of the main glternatives to
conserve supplies for meeting the demands at the fields. It
i1s a best proposiuon where the following prbblems are pre-
dominent:
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(1) Problem of draingge..

(11) Problem of salinity end alkalinity due to
intensive irrigated agriculture.

{(111) Bxcessive loss from hogvy percolation losses, snd

(iv) Frequent demages at the high banking reaches.

The discharging capacity of the existing channels can
be increased by suitable adjustments in their bed widths,
full supply depths with or without chenging the full supply fovel o
canal, or surface slope of the cansl or nore than one of
these parameters. The magnitude of remodelling of the struc-
tures in case of sﬁbstant.ial increaso in discharges on canal
is also influenced by the selection. lining of cgngls and
construction of parallel channels for additional discharge
is also resorted. The feasibility and adoptabllity of any
mothod depond on the problems in the canal such as silting,
ocouring, commandability, dralnuge and water-logging,avail-
atdlity ond cost of the land etc. as also the extent of
renodelling and comparatives on economics of differont alterw
nativoo., Thereforoe, careful selection of the method need not
be cmphaoisod.

In case of renodelling with increased Buppliea, there
is an asdditional problca to ovolve an economic cropping pa-
ttern and the intcngity of irrigation. This is decided aftor
studying the various cropping patterns and the corresponding
conal eapacitios including thelr cconomics in consultation
vith the speclialists. The modern trond is to keep down tho

demands 1tsell adopting wvater use managemont, soll manage-
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ment and Crop management.

ALl the possible and feasible alternative plans making
use of m single method or combination of the asbove methods
are generated to determine the relative economy by economic
analysls. The annusl costs and benefits are evaluated and
trenslated to a common basis as to time adopting a suitable
rate of discount and period of anslysis. Economic efficlency

is the general criterion for seléction of the scale of deve~-
lopment.

Along with the canal, the structure on it are also to
be remodelled. The structures on the cansl constructed leng
time back with the prevalent knowledge of engineering techno-
logy at that time may now appear to suffer from inadequecies
in design such as inadequate length of downsti'eam floor,
inadequate depth of cut off wells, inadequate thicknesgs of
downstregn floor, improper energy dissipation arrsngement,
insufficient protection wirks, incorrect assumptiens in design,
insufficient investigations ete. These structures require
remodelling in fafe of advancement in teéhnology. The struc~
tures may als> not be able to withstand the designed loads
due to adoption of improper methods of construction not con-
forming to specifications. These structures may need strength-
ening or reconstruction. some of the structures may have
outlived their normal 1life and may have to be remodelled or
reconstructed. Also when remodelling with increased supplies

in canal are contemplated, the structures may not remain safe



under the revised operating conditions requiring thereby
thelr large scale remodelling.

For small increases in discharges as in the case of

moderni sation, little or no remodelling may be needed.

For large increases in discharges, when ralsing of
full supply level is contemplated the structures are required
to withstand more sdverse operating conditions. However, in
case of 'g&f rige 'J..u full supply level, the remodelling is
comparatively less. In all :58es of remodelling, dismantling
and reconstruction is inevitable teo gzome extent am} streng-
thening ef some components of the structure. The mésgmmde
of remedelling depends on the method of improvement to the
canel section to convey the additional discharge and the_
structural soundness of the components. Vagrieus typei of
structures require various methods of remedelling as descri-
bed in Chapter 7. The decision on the methods of remodelling
of the structures is governed by the type of prohblem, feasi-

bility of method, ease of construction and relative econonmics.

Modernisation of Krishna Delta Canal System is being
contemplated in aAndhra Pradesh. The main problem in this case
is increase of demands due to introduction of high yielding
Varieties, development ef multiple cropping and limited water
resources. The chances of exploitation of ground water are
meagre becange of thelr poor quality. This is proposed to be
solved by ecomomising the water use through water and agri-

cultural management and reduction of conveyance losses
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through lining.

In the remodelling of Kurnool Cuddapsh Canal, the
gysten was guffering from 1nadeq\iac:l.es of supplies due to
oxcessive soCpage and peréolation logses agnd the conal was
lined to remedy the defects and to i’oﬁ@m@r problens o >o

-

6+2. FLRDINGS
To achieve the national objective of marrimisation

of agricultural production, not only it is necossary to tako
up the never irrigation projects but also to make better use
of available supylies in the existing systems, fhrough reao-
dolling to fit in with the changod conditions.

The noderni sation of the oxisthng w#éems improves the
efficiency and at the peme time also tases care of the inade-
quacles and defects. In this cago, better water manageuent,
soll managcment and crop managcaent agre the poworful tools
to effect econony in water uge. Lining and conjunctive use |
of ground and surfaco waters also improve the wator use effi-
ciency. The optinel system with or without lining, conjunctive
uge of surface and ground waters and drainage are to be con-

sidercd.

The gelection of tho method of increasing the canal
capacity must b2 basod on tho proesent problens in the canal
(such as oilting, acouz-iha, commandability, drainage and water-
logglng, the magnitudo of remodelling of structures, relative

cconomics otc.,
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In oXdor systcems, conjunctivo usc of grecund waters

and surface waters wes not planned, In view of the advantages,

it should be implemented vherever possible to increase water

use efficiency in the faco of limited water resources.

Lining of canals was eariler mainly considercd to

réduce the secpage losses in porous sandy soills and fissurod

rocky cuto. Nov, the concept has changedj;lining is now provided

in many canal systens linked with conjunctive use of ground

and surfaco wators, water management and drainage based on

ovorall econonic use of water resourceg.

1.

2e

This rovicw covors the unlined canals only. & further
study of the remodelling of the lined canals is
necogtary to know the gonoral problems encountored

in such cases.

Regarding the design of gtructuree, a simple outline

" 1g given in this study. Problems of rcmodelling and

3.

roconstruction of head vorks have not been discusgsed.
A detalled reviow of the désign procodures and methods
undor various conditions for differont types of struc-
turcs including hoad works should be made.

In thisc otudy, tho mothods of romodelling are only
doseribed. Plonning aspocts and methodology should
be doveloped for basin planning for agricultural

production by construction of inter-linked gystems

- of canals.
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