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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 from a storage or from 

other basins. The problems are different from those in 

ro derni s atio n. 

Consequent on remodelling or modernisation of the 

systems, the structures are also to be remodelled to be 

safe against revised operating conditions, apart from 

their defects and deterioration on account of their long 

lives. 

In this dissertation, an attempt is made to review 

the problems in the existing systems causing the necess-

ity of modernisation or remodelling of canals and their 

structures, the different methods that can be adopted to 

solve such problems and the decision making process to 

select the best alternative plan. The discussion is conclu-
ded with the few case histories of remodelling works and, 

findings and recommendations of. the author for future study. 
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CHAPTER i 

INTRODUCTION 

I • I 	OPMtT OP RRIGATIONR 	tiJt 

Irrigation is the art and science at artificial 

application of water to land for the purpose of raising the 

crops successfu ly. 

Seventy per cent of Ind a'e population depends on 
agriculture directly for their living. the population of 

India is Increasing at the rate of 2 per cent per year and 

at present rate of growth it is expected to be 90 croree: 
at the and of 20th century,* To meet the demand of food prou 
ductian for the growing population$  agriculture is to be 
developed In India. 

The rainfall in India is precarious and scanty. Its 

distritutien is variable in amount arid space and is not 

adequate to most the requirements of crops. Considerable parts 

of India are often subj ected to drought. and famine conditions. 

Failure of crops due to drought conditions is common. The 

problemcannot be handled without means of irrigation* 

Therefore, irrigated agriculture is to be developed. 

Luckily, India has got oast thirsty tracts of lands 
of about 81.7 million hectares in which irrigation potential 

is proposed to be created before the end of 20th century. 



The utilisable surface water resources are 66.6 million 

hectare metres and the utilisable ground water resources 
are 20.36 million hectare metres according to approximate 

estimates as per Report of Irrigation Comm usion,1972. 

- .2 8 torofpee4oprnent oIiiop 

Irrigation. In India Is contemporary with the dawn of 
+ ivilization. When man started settling down In groups or 

communites, he started practicing agriculture. In India, the 

ear ,iest settlements were along the barks of rivers like the 

Indus, Ganga and their tributaries where the flood plains 

along the river course were Irrigated by t Slab i or inun. 
dation annually daring the flood season. 

In due course mall and then larger inundation canals 

were bull t in order to draw off the flood waters for irriga-
tion of areas further in land from the river bank utili sing 
suitable creeks or ass of the river for the purposes. 

With the passage of time, a number of these early 

canals came to be enlarged and developed into fairly large 

ingadaticn canal systems which to this day irrigate and pro-

tact hundreds of thousands of acres of land against scarcity 

and famine, as for instance$  the inundation canals of the 

Multan, Muzaffargarb and. Dora Ghazikban districts of West 

Punjab and numerous large inundation canals in wind (now in 
Pakistan). 

In the alluvial plains of North India and the coastal 

belts of Southern India where the country is 1ldt, it is not 



possible to form the tanks to collect the rain water. The 

flat nature of the country is Ideal for carrying water over 

!crgt distances by means of canals for flow irrigation. 

The deep and porous alluvial. sotl s were also found to 
hold, plentiful supplies of underground water at moderate 

depths, which could easily be exploited for the purpose of 
irrigation. Well irrigation was practiced using indigenous 
water lifting devices. 

In Central and Southern parts of the country,  it is 

not easy to construct wells where the underlying sub-strata 

is hard usually rock. 'genre, 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 tote. irrigated area and tanks for another 17 per cent* 

In a few comparatively mall areas p erticul arly in 
Assam where rainfall is abundant and alaost assured few small 
irrigation works were constructed. In the rest of the country, 

artificial irrigation is necessary for protection against 
scarcity and famine 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 rivers and exploiting 

on a large scale the under-ground water resources In order to 

develop irrigation for agricultural production. 

Thus$  we sea that .n the early times aAd right upto 

the end of 18th century, the emphasis in India was on irriga- 



tion from inundation canals or from t eUs and tants. The 

Grand Anicut in the Cauvery River Delta in South India built 

in the 2nd century A.D. and some canals uit3 temporary, head 

? ortc In the Punjab and Uttar Pradesh built by the Mohammedan 
.ere,. uero hotcver, exceptions. 

In the early 19th century, the British ventured to 

construct larGO- irrigation canal projects and they Made a 
start with improving and enlarging three existing canals rhich 

had earlier fallen more or less into disuse vier Western !tuna 

canal in the Punjab and the Eastern Yamuna Canal in Uttar 

Pradosh and Cauvery delta ystem of canals in T .inadu. 

These early projects proved cuccos stul. Based on them, 

a number of bigger projects utilising the run-of-the river 

supplies such as upper Ganges Canal s  Upper Hari daub canal, 
the Godavari Dolts Canals, the Sirhind Canals etc. were under- 
to ton. 

In the case of early canal prof ate no permanent head 

works were constructed. These temporary diversion bars across 
the river bad were washed away caring the flood season in 

the case © Western and Eastern Yamuna Canals, Upper Ganges 

Canal and Upper Bari Doab canal, hie led to the construction 

of permanent diversion blocks later on. 
In due course with greater exyorionco, several :improve - 

heats wore effected in the design of diversion works leading 

upto the modern river ' ages which give complete control 

over the regulation and floes of river suppli es, 

I 



In Roth century, many irrigation projects yoro taken 

up. Most of them uero productive works. Some were meant for 

the protection against teine also, Some among the productive 

Vorte were 

I • Tribeni. Canal prof act in Bihar 

2 The Godavari Canals 

3. Provara cenalo and Nira Right Bank Canal in 
11akiarachtra 

. &arada Canal project and Wolin Ganga Canals in 
Uttar Pradesh. 

5. Mahanadi Canals in Madhya Pradesh. 

After Indopcndonce in 1947 9  It was recognised that 

ezp oncton of irrigation for agricultural production  i s osaen-

tial to make the country self sufficient in food production. 

It gav'o birth to the concept of irrigated agriculture. some 

of the main projects that r ere taken up In the three Five-

!oar Plans to achieve this objective are: 

I . Bhekra mongol Project 

2 « Raj asthan Canal pro j +pct 

3. Chaiabal Project, and 

#. Nagarjunaslagar Project.  

I81.3. Irritation 8pstea. 

Irrigation oyctemo can be broadly classified as 

I. Gravity systems 

2. Pumped system. 

d 



In case of irrigation from gravity ayotis, eater to 
the land to be i,rrigatod is through gravity canals or water 
courses. This it accoaplished either from storage or/and 
diversion works # In gravity systems, regular or seasonal. 

supply of eater is p videth Mcb systems are sub-divided into 
the following three types: 

2} Inundation systems 

ii) Perennial. systems 
iii) seasonal systems. 

1) $~ non irrigation canals are non-perennial canals 
chore irrigation is done by direct flooding of land for moi,s. 

tore retention In the soil to grow the crops in the area. 

Those floods nqy contain rich alluvial. soil or clt;only 

during flood season, this method can be adopted with advantage. 

it) %hen eater to made available for both the crop periods1 
it is called perennial system. The cost of irrigation is lose 
in this case as wator is supplied with smaller operation and, 
maintenance, Cost. In this method water-logging may result 
offing to ozeossive use of rata r and Co drainage facilities 
have to be provided as an integro1 part of the overall scheme. 
In Northern India eshero - the rivers arc perennial duo to eug-
montation of supplies from snow-molt during dry weather from 

Uiaal4yc307 All irrigation canal sys ices are perennial gravity 
oyatcme whether from diversion or storage. In South India 

whore rivers are non-perennis . max• reservoirs have bean cons-

tructed for stabilising the flora in non-monsoon season to 
provide perennial, irrigation $y$temb. 

6 



(iii) In the perennial rivers trh.cre the diverted waters 

moot the demand for raising crops in both. soaoons, thero 

may be £luppLtes still available in the monsoon period. The 

supplies can be utilized for constructing seasonal canal 

s ystems to serve the add tiona. areas in Kharit season. 

Where ground waters are harnessed or can be harnessed, these 

systems can provide possibilities of recharge to provide 
additional ground water resources., 

in ease of pumped systems, water is lifted up from the 
source (river s  or canal or tank or ground water) and then 
taken in channels, Pumps and other devices are to be operated 

and maintained. Thus$  irrigation from pumped echemes is more 

expansive and requires more labour and time. 

Tho min f actors governing the design of an irrigation 

syetci 
I. Supplies available 

2. I ods$ and 
3. Structures needed for implementation. 

The demand Is fixed after o- tudying. various alternatives 

of possible cropping patterns likely 1y to develop. While arri- 
vine tho supplies available for utilisation, the constraints 

such as ezisting use)  prior rights, inter-state compacts and 

inter-national treaties are kept in view+ Various alternative 
methods or combination of methods are then considered to uti- 
ii. se the available supplies for meeting the pros sated demand. 

The alternative which maa'ir .sea the benefits and meats the 
obj ective boat is selected. The aspect of selection of suit- 

K 
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tab]. a alternative i s 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 planning, remodelling ofthe 

system may often be necessary due to increased de rands at a later 

stage. 
jj q 

The main object and scope of this dissertation is to present 

a review of methods of planning and selection of methods or combi-
nation of methods for remodelling the irrigation Wstems. 

The situations under which remodelling is contemplated are 

brought out in Chapter 2 citing the practical examples wherever 

possible. Various methods of remodelling the channel sections are 

reviewed. in Chapter 3 which includes introduction containing the 

various theories of design of channel sections to appreciate the 

scope of various methods. In Chapter 4, the problems 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 supplies 4th the solutions are dealt with. 

The generation of various alternatives and procedure for selection 

of the best alternative has also been studied in Chapter 5. The 

design of structures on the canal is 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 9  some case histories 

are included for better understanding of the methods. aiapter 8 

gives the teary, conclusions and recommendations along with the 

areas where further work, can be talker up. 



CHAPTER 2 

2.1. General 

24. Demands afld. their pattern. 
Increase in scope . - High ie34ing varieties of 
crops - Intensive irrigation and multiple cropping-
water management. 

2a3. Technological probl s. 
Design of eh nel • Design of structures - 
Co unctive use of ground and surface waters .- 
Lining of' canals and provision of drainage 
systen as integral. part. 

2.4. Other problems. 



CHAPTER 2 

MD FOR fOt LLIING 

TO achieve, the self-sufficiency In food production for 

the growing population, the goverment is +rYviding facilities 

of irrigatXon to the farmers to increase the agricultural 

production. Government is alsogiving incentives for the same 
Theroforo$  demands of ifater for agriculture due to Increased 

areas coming under cultivation and eh go of cropping patterns, 
are increasing on the existing canal stems and rc o do ling 
of aid. stingy systems has thus bocome necessary to eater for 
increased demands. 

Use of improved water management and better agricultural 

practices ho also dictated the need for modernization of 

$yatcu1af 

Many existing Irrigationn systems suffer from variety 

of problems such as inadequacies In design of cams, then 

head works and other structures due to limitations of techno-O 

loop at the time of their construction. There has been groat 
advance font In technology in recent yearn which can be adopted 

to advantage to rc edy the defects in existing cratcme and 

to rondor thorn safe under all operating conditions. Furthor, 
the adoption of method of conjunctive use of ground water and 
surfaco Later has made possible increased use of Crater resources. 

Also increased supplies become availiblo from lim ing of the 

canals and water courses, 41 these factors have also nOCesai- 



tated remodelling of canal systems in mariy cases 

The scope of some of the existing canal systems may 
increase .due to 

1) Inclusion of waste lands and reclaimed saline 

and irater4 .ogged areas within the gross command 

ii) provision of pumped canals with pumping plants 

for lifting rter from the gravity canals to 

provide facilities to higher lands in the gross 

command or in .adjoining areas, 

and iii) eztenston of the canal systems to provide irri-

gation f..ities to neior areas ihicb voro not 

envisaged origin ,y In such cases, remodelling 

becomes necessary to cope up with the increased 
dF : it 1 	s 

For example, the original scope of the Krishna Delta canal 
system has changed from (b .r; b acr'os)of 	igation area to 

4.g6~h7C~., 
h) rea)Ain a period of about 100 years and bunco 

remodelling of the canal stem had been contemplated from 
time to tine, 

2.2.2. x.  	i e of c ro - 

Duo to edvr2ncoment of agricultural research In recent 

times, high yielding dwarf Varieties of crops h vo cane on 

the scene. Those dwarf varieties require more fregient vator- 
ingo than the indigenous varieties, They, co of hotrover 

sustain drought-conditions as the indigenous varieties can, 

to 



and therefore constant supply  is necessary in their Case. 

Though the crop period and the total requirement of water 

may somewhat be reduced, assured water supply through the 

canal system i e necessary* for the successful growth of these 

crops. Thus, the introduction of these verities require 
remodelling or systa. 

2.2,3. XfltenaivIrrtgation and, Mul i ,e ra in 

In the earlier irrigation systems constructed in pre- 

Independence era before i97, the schemes were to pass the 

productivity test for financial feasibilitywhich implied 

the concept Of protective irrigation. These systems have 

extensive conands and catered for the intensity of irriga-

tion seldome exceeding 100% of culturabi a command area. In 

'view of the objective of irrigation having changed after 

Independence to increased agricultural production for self- 

reliance,  the present trend is in favour of the maximisation 

of the benefit a by adoption of intensive cropping patterns 

with multiple cropping. Intensities upto 1 % of culturable 

command area and more are now being considered. This inter• 

elty of cropping can be achieved with more irrigation faclli. 

ties and greater use of chemical fertilisers and other Inputs. 

In most all tho ancient Irrigation systems in India$  

the entire command area within the main drainage lines is 

already' covered by the canals and there is little scope of 

further increase in command area. Where the supply position 

can permit, intensive cropping patterns with multiple cropp-

ing alongwith the use of high yielding varieties of crops can 

only be adopted. Tbis can be achieved with increased water 

11 



supplies from storage reservoirs or diversion from other 

basins. For exanple, in Saida Sehayok Pr j ect#  the non-monn 

soon flows of GhaShra River are diverted into Sarda River 

and extensive irr .gation at the tail end and intensive irri» 

gation under old Sarda Canal cystom are contemplated. Tho 

att sting canals are remodelled as to lorst 

1. Daryabad branch canal. 2 to 242 cunecs 

2. Barabanki branch canal 11 to 36 cuni ec s 

3. Raidorgad branch canal 31 to 16 cu rece 
4, flaibaroilli branch canal 13 to 30 ounces 

» Purua branch canal 3i to 1+7 ounces. 

Possibilitioc of exploitation of around water rosourcos 

for conjunctive use with surfaco wutor are to be extatncd in 
Duch casca. 

2.2.4. 	terengtc.ent 

In certain € r- stc s, the above problem of land has 

further boon coupled iiith the limited surface water resources. 

In such cages, the crater use efficiency has to be improved. 

The solution lies in economising the use of water resources 

by adoption of better water and crop management practices and 

also in reducing the tron ni scion to saes in the unlined canals 

which arc about 30 to 	of head discharge of the canal. 

The water so aavod can be utilised for Intensive cropping 

pattern with multiple cropping. To achieve it, remodelling 

and Iintnlining of canals and water courses becomes necessary. 

Ir example, the Krishna Delta Irrigation Canal eyctem 

has 
 

limited tator resources of 181.2 T.I1. C(as per award of 
A 

12 
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Inter-State , Lver Water Dispute Tribunal) and available land 
b .1ø ~ h '.,o.-. 

is only (p,25 1ekh ecros)bich can not be increased further. 

Therefore, there are constraints of both land and surface 

water resources. The water use efficiency' 3f the system is 

proposed to be increased by adopting waters and agr .cultural 

management practices and lining the canals. High cropping 

intonsity with multiple cropping is recoaicnded by the water 

management Division, Ministry of Agriculture, Neu  Neti alt . for 

adoption as foUOwst 

1 .GVO1 ►ra3RI A.I.M 10.21,.513 
lot crop 	 Paddy 	Paddy 

2nd crop 	 Faddy 	 Irrigated dry. 
3rd crop 	 Pul.oe/boddex' 	pulso/J ,drier. 

2.3. CT MU 9Raa 

2.3.1. 	on account of addvonccmeft in technolog r, the concept 

Of planning and design has drastically changed nocosaitating 

the remodelling of canals ne follows. 

2..3.2. f.os . n_ofghn nel 

When modern theory of albivial ch annel a were unknovn 

in the 19th century, Sir Proby Cautley tools up the construe« 

tion of Mange Canal system in Northern India and Sir Arthur 

Cotton took up the construction of Cauvory, Krishna and Godaa 

vori Canal oystcv in Southern India, The design of canals 

havo undergone significant dovolopmont. It was in 1895 that 

Kennedy publishod his classic empirical equation correlating 

the mean velocity in regime oWznol with the vertical depth D. 

It was Lindley, 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 equations for 

the design of .a regime channel. Two major attempts to develop 

a more rational 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 developed 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 

used by wing Chein to determine channel dimensions, given the 

discharge, slope, bed material and sediment load. 

The design of a channel sections  according to the 

present concept, not only depends upon the discharge, silt 

load, topography and type of soil 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. Design oftructurea 

There has been technological advancement in the concept 

of design of masonry structures. Based on Khosla's seepage 

theory of uplift pressures and a d.t gradient derived on 'Prin-

ciple of independent variables", the use of sheet piles for 

cut off has made it possible to design the regulating structures 

safe against piping and consequent undermining. t*ie to advance-

ment in soil mechanics, provision of reverse filters on the 

downstream side of structures has helped to reduce the chances 

of scour on the do nstream of structures such as barrages, 

regulators, cross drainage works and drops. The development of 



concrete technology and advent of coicrote and other special 

concretes resulted in improvement of technology for laying 

concrete under water. Raft foundations no being adopted for 

the barrage floors in certain. structures. Rations devices 

for dissipation of energy of flo4ng haters downstream of 

barrages, weirs, drops, regulators etc • have been evolved to 

avoid the possible danger a 3 damage. Now#  more knowledge is 

avail.dbla to control entry of silt into the canal. The tech-

nique of still pond regulation at the barrages has also made 

it possible to control the entry of silt into the canal. 

rarther$  silt ozoiuderc, silt ejectors, doslting basins etc. 

hero come into use to hat dle the silt problem. The evolution 

of these new techniques hen changed the concept for design 

of structures. 

The structures ich had been constructed long time 

back with the inadequate engineering technology available at 

the time of their construction or have outlived their Ii to 

have to be remodelled or reconstructed suitably based on 

present day standards of technology. 

The structures originally designed for a particular 

discharge have olo to be rcmodo;Uod to provide for the incre-

asod discharge rhich the canal may now cater. 

2.3.4. 	unctive use of ur `a a and jroundbtae 

Conjunctive use of ground and surface grater is being 

advocatod for existing as ll as new systems for the following 

15 
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i . U Co of ground waters in conjunction with surface 

supplies for increased supplies and stabilised flows. 

2. Availability of increased use due to recirculation 

of supplies. 
3. Possibility of artificial recharge of aquifers 

during high surface flows for use in lean periods. 

4. Reduction of drainage and water logging problems, 

due to lowering of the water table. 

The ground water can be exploited by means of% 

1) Open well 

2) Shallow tube wolf e, and 

3) Deep tube wells,. 

open masonry wells using mechanical and man power by 

the farmers are on increased use to supplement canal supplies 

in North India as, well. as, South India. In South India, it is, 

being adopted for grorin.g sugar-cane. In Cauvery, Krishna and 

Godavari Deltas,, privately owned shallow tube walla (locally 

called filter points) have been constructed on a large scale 

with a view to raise the seedlings early in June before the 

canal system is opened and also use them whenever necessary. 

These can be independently planned without mining the ground 

water and canal water. But, deep tube wells can be planned 

independent of canal $ystcm or to aunent the canal supplies 

by constructing tube wells along the bank of main canal or 

distributories to mix it with canal water. In Western Temuna 

canal system in Haryana State, deep tube dells have been 

constructed along the canal (100 Los. of deep wells with 

total capacity of 5.6 cumece) 

16 



where ground water is brackish, saline ground water 

can be used after mixing it with good and street canal water 

as recommended in West Pakistan study and as adopted in U . s. A, 
and Israel. 

Thus, the conjunctive use of ground and surface waters 

has changed the concept of planning and may often require 

remodelling of the canal for increased discharges or changed 

cropping patterns, 

2.3.5. Lining of Canals and Provision of Dr atncc 
ptem as nto r 	t. 

a) Lining of. Gauls  M As per old concept of planning, lining 

of canals is mainly intended to reduce the seepage losses in 

porous sandy soils and fissured rocky cuto. Uov, lining is 

being provided in many canal systems linked with conjunctive 

use, water management and drainage based economic use of crater 

resources. 

When ground waters are of low quality consequent upon 

high intensities of irrigation on systems of long standing 

problems of drainage and water-logging may become porcount. 

In such cases, lining is very helpful. 

(b) Dainago 	AC per the old practice, drainage facilities 

in the command area were not provided along with the construc-

tion of canals. The problem of drainage was dealt with as and 

ut cn the problem arose The inter relation between irrigation 

and drainage was seldom thought of at the time of construction 

of irrigation projects. The present day concept is that drai-

narjo is an integral part of irrigation project planning. 
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Duo to inadequate drainage facilities in some exist-

ing systems, the grater table has risen sometimes to an extent 

that it encroaches upon the root zone of the crops leading 

to Crater-.logging and thus reducing the crop yields and some-

times melting it Impossible to raise the crops. 

• . • r » + 	r , 

The canals which worn constructed long ago may not 

cater the needs in the command area originally envisaged 

,owing to defects in the align onts, chonnol designs or non-

provision of lining in highly pervious portions of channels. 

then the first groat Celia]. projects like the Floatern 

'amuna Canal, The Cauvory Delta Canals#  the Upper Ganga Canal 

or the Upper Ban Doab Cc e . wore undertaken during 19th 

century the designers and builders had no experience or pre-

cedonts to guide them in their mighty undertakings. They aro 

pioneers in their respective fields of endeavour and they 

learnt by trial and error 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 apparent when the 

canals started functioning. 

Faulty aligrente of canals which passed through 

depressions led to water logging and malaria in the ourroun-

dings and thrown some areas outside the command. To rectify 

these defects, the alignment has to be changed. 

18 
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The channel section originally designed is found to be 
inadequate now to pass the discharge contemplated due to sdop» 
tion of lower value of coefficient of rugosity ON' or incorrect 
value of Lacey's silt factor t. Some of the canals designed 
in the rocky cuts of South India have failed to carry the 
envisaged discharge due to lotror value of Ifl 0, then 0.03 to 
0.05 for rocky outs. Thus, the canals are redesigned and re-
modelled accordingly. 

Similarly, channel, shallow and/or 4th flat slopes 
had boon provided in some cases, which resulted sluggish vole-
citioc of flow. There is a probleni of wood growth in these 
canals, specially in case of cereals with seasonal supplies 
of clear water. 

In some of the old canal systems lining was not provi-
dad even in the roaches where . it was indicated due to abnormal 
percolation and seepage losses. As a result of this, the pro-
posed discharge did not roach the lower roaches and the canal 
could not meet the demand. In such cases, remodelling of the 
canal has become necessary with the provision of lining. 
For example, in Kurnool $ Cuddepah canal in Andhra Pradesh 
which takes off from the Tungabhadra Elver, the trafl tssi an 

)ao k" 
losses in the let roach of (r 5 m]oc)1aro found to be 1000 c// 2 8.3 ~•.„, 

gz .4s (A'-44/, 
out of the head discharge of 1500 cusecs~i.e. 2/3 of the head 
discharge. The canal runs throughout in a tract whore the 
subsoil Is shale and slate in layers badly fissured horizon-
tally and vertically. hence, the remodelling of the canal was 
contempt ated . 
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CHAPTER 3 

14ETRODS OF B4ODELLXNG OF THE CANALS 

Knot, .od6a of various theories in vogue for design of 

channels Is necessary to appreciate various methods of remc 

doling canal sections for re ri sad design discharge to cater 

for the demands. TheoricO Of dos i gn of canals have therefore 

boon z'evievod hero. 

The theories that are applicable depend upon the classi-
fication of soils and the. problems encountered. 

Based on classification of coils, the channels can be 

broadly classified into 2 catoCoriocb 

1. Channels in alluvial soils 

2. Channels in non-alluvial soils 

In alluvial channels, depending upon the fluctuation 

of velocity of flat, the canal dote tilted up during the period 

of low velocities and scoured during the poriods of high velo" 

city of flo r« That means the bed i e inoveablo. Therefore, the 

aim of the designer I a to provide a stable channel for a part3.-

cul ar de sign od discharge alloying the noni« a .lti and non-

scouring velocity of flog. 

In the cape of non-alluvial soils, thobed of the canal 

consists of harder strata and is resistant to scour. Higher 
velocitioc than in the alluvial soils rhi+ch can be provided 

trithout scour of bed and aides, can be allowed. 
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Based on the type of probl rn to be encountered$  the 
channels can also be classified Into 3 types as follower 

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

2. Channels in which there is a problem of silting 
due to objectionable sediment deposits, am 

3. Channels In which there are problems of scouring 
and silting also. 

In the first type of Channel, the problem arises when 
water containing little or no sediment flows in an unlined 
canal system in alluvial material. Such water mmy collect 

sediinent by scouring and cease to be sediment free. This 

situation can be met 4th canals taking off from storage 

roservotrs. 

In second class of ch els$  the problem may commonly 

Occur when sediment laden waters from diversion head works 

enter a canal 4th lined section or having scour rosistent 

bed. 

In the third case, the canals in alluvial soils gett-
ing the supplies from diversion works tali into this category. 

The following main theories of design are prevalants 
1. Eennedy's method 
2. Laceys method 
3. Design of non-sil-tii g channels.  

4 • Design of non.'silting channels. 
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The first tt o are applicable for channels in oUu. 

vial soils. These are based on empirical formulas derived 

after studying various channel a in alluvium. 

The third is developed in T .$.B.R. by Lane where 

the problem of scour is conuonly encountered duo to sugp-

lies from reservoirs constructed b r them. The main princi- 
plo to that the scour commences when the forces acting on 

the particle on level bed or bank are sufficient to cauno 

its motion. It is based on tractivo force theory. 

The design of n n-tilting channels is bascd on rate 

of transport of bed load in a channel. The main principle 

is that part of the sediment gets deposited on the bed mostly 

in hoad roaches if the coarser ocdimont (bed load) enters 

the canal at a rate greater than its carrying capacity. 

Various oquatione have boon aurgootcd for dcterr ring. the 

rate of bed load transport. The moot widely used equations 

cares 

1. 1i or Peter equation. is based on experimental 

work carried out at Federal Xn otitute of Tochno-

logs, Zurich. 

2. Einateins Equation is rationally derived on 

principles of otatietioo and r so invol'oo . a 

number of assumptions. 

The use of the above design practices can be appro» 

xiaatoly gon+eralisod as follot o; 

1) L c oy t s fo mul ao tiro applicable to regime channel o 

in alluvial soils with ntodorato quantity of solids 
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paooing through the canal ac bod load. Lacoy' u 
regime channels arc found to transport about 

15 to 30 P .P.ts Of silt in moot cases. Ihere the 
conditions of silt charge are widely different, 
Lacey' o equations can not apply. Lacey' c channel 
i s shallow with flat slope. Therefore # it is to 

be used whore the ground slope to flat and 'h on 
comiaonda .tty i a difficult. 

2) Iconnody t s equation and Chevy or Kuttor or !4cnningo 

equation can be used in alluviai as well as 
non n alluvial coilo . 

3) Hhen there I s no problem of silt and prevention 

of scour to the only criterion, Lanese r et od of 

design of non-scouring channel is to be adopted, 

k) t'thcn the bed load to be transportcd is more than 

30 P .P .fl, sediment transport for sul ao arc uttU cod 
to design the channel section. Moyer Potor ► u and 

Finsteins equations :per give different channel 
dimensions and alOpos to carry the same charge 
and sediment lead. It may be noted that the sides 
of a channel nay start scouring duo to higher 

velocities. Therefore, the channel sections using 
those formulae are do signed with a provision of 

etabilioation of the slopes. 

If the silt concentration is high, It may not be 
possible to adopt the steep slope 	out t ,+ using those 



formulae as the ground slope is flatter. in such canoe, 

a silt ej octor or a silt excluder at head may ha o to be 

provided such that the silt entry Into the canal Is reduced 

to the level aqual to the silt transporting capacity of the 

channel at the available slope. 

3.2. 

The ,  discharging capacity of the existing channel can 

be incroancd by different methods • Each method has got ocrw 

taro advantages as well as disadvantages. Therefore, careful 
selection of the mothod to increase the carrying capacity 

of the charnel is eaaont al kcoping in view the economics 

and the suitability with reference to the actual problems 

in a Particular case. The following are the um & methods 
of o.d3uotiuont of canal sootion: 

1) Increasing area without change of surface slopes 

a) Increasing bed ( th 

•b) ini roa.eing full supply depth at the same or 
lowered bed, level, 

c) increasing both full supply depth and width 
of channel 

2) increasing area with change of surface slope. 

3) Lining of the channel. 

4) Construction of parallel channel • 

The improvcmente to the structures will ciao be 

necessary consequent on the increase In discharge of the 

carol. The magnitude of the Improvements to be carried out 

to the structures will depend on the method of remodelling 

the canal section. 
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3.2.1. Xfcre,~, oina the bog Width 
By adopting this methods, the B/I) ratio increases 

In portions wham the existing alignment passos through an 

area with high suhoo .l water table and whore further increase 

in the level of water table may create the trouble of water 
logging $ it is better to widen the canal instosd of incroar 

sing fold. supply depth in the canal • In case of substantial 

increase over oziatin discharge, this method Is not pre-

ferred as E/1) ratio tii . then become unfavourable for a 

good discharging section. It mould not serve the purpose 

to improve the cot aondability or to improve the sediment 

transport CeaCity. 

In the phesc d progrcmo of the fagor juna 8ogar 

Left Canal, it is planned to increase the first phase di.s-

chargo of the Bonakal branch canal by widosi.ng the canal. 
The ali.gnment passes through stiff black sotto oio with 

high water table and the topography of command area is flat. 

3.2.2. crpaaingth . full suppy do th at 	to or 

Increase in full supply depth without increasing the 
bed width will result in slightly higher vel.c►city of flow 
In the canal and thus scope of its adoption is dependent 

on the typo of coil through which the canal passes. If bed 

lovel is unaltered and full supply level is Increased, It 

may improve the oommandahility of the channel and is adopted 

btoro now inclusions of aye.cut are contemplated In rcmod of 

Ling or In situations whore there is difficulty to command 

the existing oulturabio comma area. Higher full supply 
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level increases the percolation lossoa anti ceopagc basses 

especially eshcro there are embankment roaches and creates 

favourable conditions for water-logging. Therefore, it can 
be adopted with increase of Lu supply  level whore the 
water table is low and where there is little possibility 
of eater logging depending on the type of soils in the 

command area and slope of country. However, the available 

hock is high and there are more chances of wastage of water. 
t on the inoreasextn ditch ge is suba1antisUy more,)  the 
channel section becomes narrowr a n/i) reduces to a value less 
thrh that prescribed for a good discharging section. 
Hence, it is not applicablo insucb cases. 

As the channel to be excavated is narrow compared 
to depth, the width being unaltered, the sediment to be 

transported per foot width of the canal generally increases. 
urthor, the slope of the canal not being changed, the 

design of non-silting channel nay not be possible with 

these constraints# 

In xlagarruna Sagar Fro,3 ect, it 1.s proposed to increase 

the first phase discharge of Left Mtn Canal by aUouing 

higher full supply level without changing the bed width 

and surface fall in the second phaco of the pro3 eat vide 

table 3.1. Tho canal is aligned along contour and paosoo 
through non. alluvial soils ouch as grovel, soft and had 
disintegrated rooks . The topography of the coinnand area Is 

hilly. The water table is low. The mecum increase in die-

charge in second phase is about 95 of the First phase discharge. 
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Increase in the full supply dopth by lowering the 

bed level i. s Oust a modification of . the method described 

above to reduce the seepage losses aXd consequent water-

logging, if a • It can be applied in special cases; but 
it auffors fran the disadvantage of negotiation in the bed 

levels at the existing structures. A transition i s to be 
given in the bed which may rocult In _ silting up of the bad. 

A recurring mat expenditure is to be Incurred at the 
otructuros of crow regulators, syphons, bridges and falls. 

3.2.3. ncooair both f4u 	do h d widthpLchanno1.  
The methods described above are applicable only 

when the difference botweon the present discharge and the 

resod discharge Is mall Otherwise, the channel section 
will becoreo either shallow or narrow. Therefore# to maintain 
the desirable vidth/dop th ratio, the channel section has to 

be altered to accommodate greater discharges keeping in 

view the commendability of the channel. 

This method is useful for both alluvial and non-

alluvial channels and permissible velocities can be allowed. 

The hydraulic efficiency of the channeel may also be eati c- 
f,uctO17. 

This method will necessitate major rciodolling of 
the structures 

This proposal is to by final sad after considora-
tion of water table conditions and command to be served 
by the canal. 



§zornilo 1: In Nagariuna Sager Right Main Canal, the first 
3l( 	" 

phaso head discharge of (# ,OOO cusecs'is proposal to be 

increased to 2nd phase discharge of (1 `,O0© +cu ocs by iid -. 
Ing the canal and increasing the full supply depth. The 

original and rovi sod channel sections are shown in Table 

3.2. The propocod increase in discharge is about 65%. 

Fn pl2:  This method tas also utiltsod in Kurnool' 

Cuddy eh canal where tho exicti.ng canal cystci is not able 

to command the locs3.icod ccacut fully  fore, the command 
(4t 	o 	 IOIG 

of the canal was increased from (,039000 acres to 2,78,000 

acres? As the canal runs through arid region and the tope►. 

graphy Is stoop, inapito of provision of higher full supply 

lovol., no water logging is anticipated and it helped to 

improve the coward. 

Change of bed slope to increase tho diachrgo results 

in changing all the pareinotcrs • Thi s moans designing tho 
channel soction as a new one ' f'or vhrIch the nornol procedure 
of design can be adopted. If properly designed, there may 

be no defects in function because all the aspects for a 

good channel section can be considerod. freely with no 

constraints, The € lop c of a caflal can be made steeper or 

for in cares of ridge canals. iore the pr b1ci of scour 

is experienced Chic to stoop surface falls, flat slopes can 

be adopted in rczoda ling and additional falls can be pro- 

vided. Steeper slopes can also be adopted, if ncessery, 

by dismantling Como of the existing falls, 

z8 
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In caao of contour candIsl it may not bo ,poocible 
to alter the slope 4t the canal in consideration of cc:amend. 

Bo senor, the otr cturee on the canal require major 
rcmodoUing or soiaetimes even reconstruction and the cost 
of rc odcUing the structures may be high. 	 L 

By providing lining to the existing canbla, the 
coofficient of rugoeity 't3' rcducos. Thereby, the disch€r-
sing cc,acity of a canal incroaces. The coepage cad perco«k 
lation leases can be reduced and more gyrator can be conserved 
to utilise it for o~rtending tho scope of the canal cretam, 
if possible. If there is no scope of incroaoing the eo and 
area, the i ator so caved can be utilised for intensive 
irrigation. The lining of the canals is advantageous not 
only, to reduce the seepage losses in high ambankoento, but 
also to prevent water logging in the flat topography of 
the commend area whore the water table is just a fewr feet 
below the ground level. This method is expensive though 
good for adoption in delta areas and alluvial plains. 

Whore conjunctive use of ground water and surface 
waters are planned o consequex t• on lining the canals, the 
recharge to ground water reservoir may be 'fectod duo to 
reduction of soopage and percolation losses. In Euch cases, 
the resource is also affected by lining and planning has 
to tale this aspect in. account. 

Lining of canals may thoroforo not be justified in 
the case of seasonal Iharif con&.e fulfilling the object 
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of (artificial recharge of ground uatorc so well for reuse 

duriz t e rabi season ith the provision of tube tte11s. 

Pochtpad Project is a major irrigation. project 

in . Andhra Pradesh. The canal is unlined In the first phase# 
3*9• 8~x '3• 	M 

4th a section of ( a' x 12.75 at the head with side slopes 

of 9*:1 and surf ace fail of I In 10,000 to carry (7o cosec 03 

The o o section uhon lined is dosigned to carry the 
2,C3-S L"*A4A 

required discharge of(600 cuoec&in. the ultimate phase 

with on Lull supply depth of (+ t9 uhoro there is no conn 

jt*nct .vo use of ground tator on large scale. 

3 = ► 

The discharging cQ9gcity of a canal crctcrn can be 

incroaMed, by Ozcaveting a now channel parallel to the oxia' 

t .ng canal for the additional dischergo. 

- 	In this method, there are tots constraints in dosgn 

of the canal section and a boot discharging section can 

be designed freely. The problem is 4hotbor to provide a 

common bank for both the canalo or 80parate banks with 

sufficient di stance in between the channels s which will 

depend upon the safety requirements under a13. operating 

conditions as also need for drat i e of areas between the 

channels, if any. 

There will be n or little disruption of supplies 
to the existing coma nd area during the construction per' 

Lode of remodelling. At the position of outlets openings 

may be necessary. 



In tho CaSO of contour ca to passing throurir the 

Infertile lands tthore the cost of land is lou$  the parallel 

channel may be excavated on the higher aide of the ozia-

ting cam.* This will not only save the coat of land but 

also reduces the coat of outlets. 

In well developed aroas the coat of land. is high* 

further, the oxtent of land to be ac ,ulred for the axcuva. 

tion. of the canal is more than that required for Othor 

mothfldo of 	odolling, thus increasing the total cost of 

remodolling. 

The total nwnbor of addijional structarea to be cons-

tz'uctod on the parsUol channel are almost equal to those 

on the ouioting system. This involves huge ezpondtturo, 

T ref ore, final decision on the adoption of this 

method may be taken after ioighinrg all the factors such 

an coot of land acquisition, coot of structures etc. in 

this case compared with the other methods* 

Ibr the phaix4 progrr o of Sarada 8uha3rcI  Project 

in Uttar Pradoah twin channels have been adopted for the 

msircanal in the head rouchos with leas disruption of . 

tint orrangc aonta and for re ligation of benefits to start 

early. 

The merits and demerits of each method have been 

dealt in the precoding paragraphs. It Is not possible to 

gonor olise the adoption of the above methods. Howe er, the 

31 

following are foe of useful guidolinos for use In selection 
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of tho methods, cconornic pecto will often Govern the 
eel + tion; 

1, X4ethod s described in 3.2.1. and 3.2.2 are sul-. 
table when the increase in discharge i s naU. 

2. When the increase in discharge is subStential, 
methods given in pr  as 3*2.3 and. 3.3 are applicable. 

3. Method 3.3 is foaciblo In came of remodelling 
of canals whore the problems of silting or scou.- 
ring are to be citigeted. 

Lf. I2othod, 3, lining, of the canals nay be c opted 

to prevont percolation, seepage, water-logging 
and scour o also pct of overall ayDtc  when 
conjunctive use of ground water and ourface 
water is planned. 

5, chile fixing the full supply levels, th con.an-
dability and the problem of water-logging should 
be kept in view in all the methods. 
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t ODE1 C SAT ION OF EXISTING SYSTEMS 

As already discussed in Chapter 2, modernisation of the 

orteting system may become necessary in vie, of the changed 

conditions in the command area or to remedy the shortcomings 

of the cy ntcm for meeting its needs. 

The aim of modernisation is to optimi so the benefits of 

agricultural production within the eo=and vith the supplies 

available in the cyctcm toting advantage of the modern concepts 
of dosigno of canals and structures and those of irrigated 

agriculture. Tho moderni cation iU include 

1. Rc. odolling of head torka 

2. Raaodolling of canals with lining and drainage 
as integral part of system 

3. Modern practicos of water use management for Lrri- 
gated agrculturo. 

Almost all the diversion head marks Bch wore once 

considered as typical examples of i air and barrage constzuc-

tionsd  have since boon replaced by modorn structures based on 

latest theories of design and control for feeding the canals. 

This aspect Is beyond the scope of this dissertation. Similarly 

the aspect of irrigated agriculture through inseparable from 

the nood of remodelling has not been discussed in detail here. 

Only, remodelling of the conveyance system has been described 

and etudiod. 



S.. 

The changed cropping patterns based on the ever increa-
sing needs and to suit climatology and soil and land classifi-
cation require additional supplies for increased agricultural 

production. 

The modernisation  of the canal system envisages improve- 
meht of water use efficiency and level of service by it through 

suitably remodelling the canal system. ,I It can be achieved by 
overcoming the defects in designs, by Increasing the conveyance 
efficiency through reduction of conveyance losses in canals and 

water courses through proper channel design and provision of 

lining and by better use of .land through provision of drainage 

facilities. It can further be helped in stabilisation of the 

supplies through provision of conjunctiva use of ground and 

surface waters* 

The channels requiring moderni cation may have problems 
of silting, scouring or both,, of incorrect alignments$  of weed 
growth and of inadequate sections or the structures. Sometimes#  
the structures may have outlived their life and may have been 

damaged or likely to be damaged due to severe operating condi-

tions and may require remodelling or reconstruction. 

The percolation losses may be high and the channel may 

need provision of lining to reduce the losses„ It is more 

important in cases where ground water exp .oitatien may not be 

possible or return flows may be poor in quality for further 

use. Sometimes, . only special reaches in high porous strata 

may need treatment. Water courses account for substantial losses 



of cupplico at outlets and thus may need lining to an extent 
it may be desirable based on their period of use. 

In all cases of modernisation, the first stop is evalua-
tion of the existing conditions in the command area. It involves 
collection of data such as characteristics of command area 
including climatology, soil and land classification# land use#  
and water table gd drainage. Statistical data about prevalent 

cropping ,patterns%  agricultural practices, irrigation facil- 

ties end. irrigated crops with areas has also to be collected• 

surveys are conducted to know the problems of canal and 

their structures and to collect the data to consider the mea-

sures necessary to rectify the defects or to increase the 

upp lies♦ 

The data so collected is useful to evaluate the demand 
and other problems in the existing system. br exanple, from 
the particulars of land use$  it can be aeon whether there is 
any scope for increased agricultural use or for reclaiming 
water logged areas or saline lands. The possibilities of expl-' 
oitation of ground water without or in conjunction with the 
surface waters can be examined based on the recharge concept 
and quality of ground waters. The knowledge of existing crop-
ping pattern, 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 water requirement undor existing conditions In the ccnmand 
area, climatology and efficiency of application at the field 

help to know how r supplies are to be arranged. bare there 



is possibility of conjunctive use the lining of canals along 

with drainage facilities are planned as integral part of the 

overall system. 

The next step is appraisal of the roeou reee including 
ground water potential. It is ascertained to what extent the 

supplies that roach the field are sufficient to meet the demand. 
In these .proposals, the possibilities of diversion of supplies 
from other basins are not considered* The problems in that case 
would be difforent as discussed in Chapter 5. 

based on the existing conditions, the problems in the 
system are Identified. and form the base for taking a decision 
on suitable method for modernisation. 

l.2,1. ~' ar' 	o ,.Cuu and Area 
Knowledge of the physiography of the canal. commmand is 

necessary to have a gonoral idea about the ?igatLon methods 

as also about the systems that ri w be adopted. inforaation 

about the topography 4iathor it is flat or undulating or the 
terrain comprises hi3 ep the alluvial plain or delta. The data 

also reveals possibilityof better agricultural practices of 
land levelling and soil manna+ nont. The data about the natural 

drainage of the command rogarding their pattern$ sizes and 
shapes of their catchrtento Is also required. Extent of agricul-
tural development, settlement and distribution of population 
and their occupations, and socio-economic background are to be 
ascertained. Position of employment is to be known. All these 



factors influence the trend of development and thus estab-
lish the deriendc 

1+.2.2,  tpato y 

The tuator needs of a plant primarily dopend metoorro-
logic al p arziotore . Mater loss by plant is governed by 

weather ,p ara iot or s such as tcrp eratu re, radiation, humidity, 

wind velocity etc • The rainfall supplies part of the consunp-

tivo u as by the crops • The climate in the command area has s 
a great inf i nco on the crops that are groun with or without 

irrigation facilities. The fo ,louin, , data ts lthereforo, 
collected: 

1. Monthly rainfall and Ate distribution. 

2. Pan evaporation a , a vapoi•trenopirat&on. 

3. Tciperaturo, wind velocity, radiation,, humidity etc. 

If adequate network of aetoorclogieal stations for 

collection of the data do not exist in the cos and, new 

stations are set up and observations are continued. 

)+.2.3 	it n1.Jnnd 01 sit _tion.. 

The cropping patterns depend upon Clavaification of 

soils and their interpretat .ons. These interpretations also 

help to establish roqjiircnont of land deveiopnent, appropriate 

moth do of ping grater, prob1c o of drainage and an] ini-

tyote 

Fear this purpose, comp rohen s v'o soil surveys are 

conducted, if not available.,  information about terr in, later 

table and drainage are also needed for land classification. 



Those surveys are carried out as per standard procedure 
indicated in the Coil Grvey Manual (Revised Edition 1970) 
of the water I4anagemont Division, Ministry of Agriculture, 
Now Delhi, 

w * *4* ndUiq 

The statistical land use data regarding the gross 
cormcxnd area which is usually, defined by the tuo drainages 

on either aide of the *anal, is compiled. The area under 
forests, barren lands, land on use for nonagricultural pur-

poses 4.o colloctod. The particulars of land under pastures 
and tree crops, culturablo trato, fallow land and total sown 

areas are obtained. The extent of irrigated land under the 

existing carotca 4th particulars of singlo cropped area and 
double cropped area is also ascertained. This information 
indicates the possibilities of Increase in cultivation# crop. 
ping patterns and their intoncitioo. 

4#.2.5. 
 

DraLnn  

Info ►ation has to be col .ected about water table and 
drainage outlets. Adequate drainage feallities are to be 
provided" In the cot nand area to drain areas quickly in case 

of excessive rainfalls and to safeguard against water logging 
resultant from the Introduction of intensive Irrigation, as 

eloo to reclaim viator logged areas for culturablo use. 

The crops aro adversely affected by submergence or by 

►ater~-logging due to rise of ground trator table and thero 'oro 
both surface and cub-surface drainage facilities are needed. 



In planning modifications of existing systems, ado-
quecy of the existing drainage facilities has to be ascor- 

teined. If the* are not adequate, additional facilities are 
provided to take care of the problems of drainage. 

• 4~~~►E~~ 	 c►n 

The, statistics of existing cropping pattern and area 

under various crops in different seasons as also of the extent 

of irrigation big practiced for various crops are collected 
for few years to know the present and forecast the future 

trends. It reveals the attitude of the fa risers to crops 
depending on their utility and market value. It highlights 

the deficiencies in water use and provides guideline for the 

principal crops and revised cropping patterns  likely to deve-
lop. It also gives an indication to what extent the Irrigation 
can develop.  

..2.7. 1eldrti, tn Deeds.. 
. When data .n regard to present cropping patterns $ 

irrigation use +end practices is studied in the context of 
characteristics of command area, it is possibleto forecast 
the cropping patterns and intensities of irrigation on likely t~ 

develop 4t a the assistance of specialists such as irriga-

tion engineers, water management engineers, soil scientists, 

agronomists and economists. 

Lo sees occur in application of water due to unequal 

distribution of water over field, deep percolation and 

39 

waste at borders. These depend greatly on the water use d -mo ,. 
accounted for In the assessment of the field irrigation 
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requirements for which the system is to be remodelled. 

:`; 	4.2.8.  1 for Mae MMOna15Z1ont 

The application efficiency represents the percentage 

of water stored in the root zone of the soil for use by plants, 

to .tio ,water delivered to the field. To obtain the increased 

©ff ,ciency#  it is necessary to use proper methods of irriga-
tion to suit the soil and land choractori.tics, and topography 
and to adopt batter water managcnont and agricultural prac-

ticos. Water use efficiency increases greatly also in the 

face of command area development activities such as land 

levolUng, soil managemont j  provision of adoquato field 

channels and drainage. The provision of facility of free 

technical knothow to fcirciors for alignmont of field channels 

is a noceaa r' corollary. 

heduling of irrigation as per requirements with 
respect to types of crops and the coil limited by available 

supplies wili be bolpful. But it requires control on the 

cropping patterns. In absence of such arrangements, intro-

duction of turn system on the lines of Warn Bandi system in 

Punjab or bora Bandi System in Uttar Pradesh is helpful. 

Provision of adequate telecommunications on the canal for 

operation of ratan and caforecinent of volumetric supply of 

irrigation water from outlets controlled with i locking arrange-

ments too pr+snotos economic gyrator use. 

Provision of facilities for supply of new improvod 

varieties of seeds, fertilisers and agricultural iinpl ments 



to farmers will encourage adoption ofimprovedmethods of 

agriculture. Above, a .ongaitk creation of facilities to edu-

sate the farmers and train them to take to Improved varieties 

of seeds, greater use of fortilisero, better implimonta and 

tools to improved agricultural practices through demonstration 

farms and audio-visual siedia and free advice through extension 

workers wil promote economic grater use. 

4,&3* PRAAOfrgf3G 

4.3,1. OfCr 

pr ae3, of available orator resources is the basic 

requirement for planning to examine whether the demands can 

be met tv the available supplies. Both surface and subsurface 

r~ator resources are accounted for planned utilisation. 

In assessment of water avai .eblo, it is important to 
ascertain not only the total quantity w .thin a certain period 
of time, but also the distribution of the available quantity 
with respect to both area and time. The quality of orator is 

also equally important. 

The pattern of supplies of a river may undorgo drastic 

changes consequent on construction of new Irrigation works 

on the up otroe side of the existing head works, Similarly, 

tho recharge of ground water may increase consequent on intro-

duction of irrigated agriculture* In view of these changes, 

latent data is to be collected before remodelling of any 

system is contemplated. 

The actual utilisation of those resources is to be 

41 

estimated to decide upon harnessing of available supplies and 



to remodel the existing system. 

4.3.2. Surfacep I.a 	lied 
I11r  X1111  IIi1  iryi ~Id M Ilrl#Itii 

The supplies of a canal system may be available either 

from a [et on head work or a storage reservoir4 In case of 

diver ,on canal system, the discharge data must be collected 

for sufficient long period. Adopting a, suitable dependability,. 

the dependable supplies are computed. The supplies may be 

surplus In certain periods and can be considered for uti i.. 

e ation in remodelling proposals, 

In the case of reservoirs, where stremn flows during 

the period of abundant supply are stored for releases during 

the period of deficiency, the yield of a reservoir may change 

in face of modified requirements for changed cropping patterns. 

This aspect must be considered in finalising the proposals, 

Other supplemental means of irrigation in the command 

area such as tanks, surface pupping plants teom rivers etc,. 

are also considered. 

"•3  .3 • Gr 	J►d. Water Su&Ali e g . 

When ground water is available at reasonable depths, 

it may constitute an important part of the total resource. 

Because ground water ie a part of the hydrologic cycle,. 

it should be regarded as a renewable natural resource. Thus, 

consideration is important in developing ground water supplies 

and in planning for long term utilisation of basin aquifers. 

The primary concern is the physical feasibility of exploita-

tion which depends on "`safe yield". 



The data regarding ground water use 1 s compiled from 

the statistics regarding open wells and tube wells including 

thole for augmentation of supplies in canals. Ragarding tube 

wells, their number$  average yield per hour and total hours 

of working are ascertained. Similar data is collected for 

open wells , lso. The monthly distribution of ground water 

utilisation is computed from the above data. 

The samples of ground water are to be analysed in 

laboratory to Find out its fitness for the purpose of ±rri» 

gat±on 

The utilisable ground water for irrigation purposes 

is assessed from a study of fluctuations of water table and 

annual rainfall In the area. For this purpose water balance 

studies are made 

4« f1+*  WOM yaie Cowes. 

Losses occur In the canals and water courses during 

conveyance from the head to the field due to percolation and 

seepage. It Is denoted by the tez t "Conveyance efficiency$' 

Bch 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 Bar . Doab 

Canal in Punjab (vide Report of the Indian Irrigation Commi-

ssion 1901-1903 appendix page 60) and the following losses 

were found for every 100 cu c s of head discharge 
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Loeser In main canals = 20 cueca 
Losses in d.ietributaries = 	6 ctµecss 
Losses in water  courses 	= 21 cu cs 
Other losses at the t&&4 = 95 cu c s 

Total.. 	72 CuRee e 

Thus, the efficiency of the a rstem i s only 28%. 

The losses constitute major part of the e5n&. dischow 

arge and may still on many systems be as high as 66 percent 

Or so. Excessive losses have been the causes of failure of 

Kurnool Ozdd.apah canal system in Andhra Pradesh. Therefore, 

estimation of these losses and adoption of measures to reduce 

them in face of even Increasing demands and limited resources 

i s of paramount importance. 

Observation of losses in the a sting system is help-

'ul in assessment of gross irrigation requirement* 

lf., .1. Genes,  . 
After evaluation of demands and appraisal of available 

water resources, the next step Is the selection of a euiIble 

method for moderni.satien This depends on the problems and 

issues involYei in each case* Apart frock the problems arisen 

due to the defects in the initial planning, these arise 

mainly from change in pattern and consequent increase in den-

arid, The defects in the canal are identified by conducting 

the hydrlic surveys for .selection of appropriate methods,, 

The surveys are conducted in case of problems pertaining to 
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4 5  

the demands also but the methods or combination of methods 

to solve the problems are different. Remodelling of the struo-

turas is considered along with the proposals for the canals. 
It damages exist or are likely to occurs  the causes are 
Studied and the decision Includes their consideration. 

fladernisatton Methods 

Longitudinal section s .th cross sections of the oarnal 

at regular intervals along the alignment are prepared after 

conducting the hydraulic surveys. Pbr clear visualisation, 

sections as per original designs are also plotted on the some 

long sections for comparative Study. The history of the chan. 

nel as designed originally .ly and subsequent shay es is collected 

from 'the records interpretations are then made to identify 

the reaches having problems of silting, scouring or both, 

defective a gar ents, loss of command, erosion at bends etc. 
In these cases suitable changes in canal sections and surface 
slope and In the alignment may become necessary and are con -
nidered:. d 

some of the existing systems which were initially 

designed as seasonal systems for irrigation in rabbi or kharif, 

may be required to provide facility in both seasons and may 

thus require remodelling. it may become necessary to remodel 

` the canal . due to changed pattern of demand . due to increased 

requirements also. if the pattern of supply from existing 

source is adequate to meet the demand under changed conditions 

in different reaches of the canal to carry revised discharges 

w 



to fit with the demands sometimes, the supplies are augmented 

from drains, ponds etc. also in the command, if possibilities 

ems;. at. 

If ground waters are of proper quality, their explo -
tatian is possible and conjunctive use of ground water with 

surface waters is considered* in case of poor quality ground 

waters$ it will not be possible to harness them. Their mixing 
with surface waters may in some case be ~y` 	 ~ 	s a depending 

on possibilities. 

Use off' surplus surface supplies of storing them under-

ground and using them along 4th surface waters to fit in 
with the demand Is attempted wherever possible. Many methods 

of recharge are in vogue. ,tuations mays; however # exist in 

some area$$ where ground water is being exploited on large 

scale which may ultimately result in depletion of aquifers. 

One of the methods can be construction of Kharif channels 

with rice irrigation for ceding up of the supplies in the 

acquifers. 

Lining of canals is one of the main alternatives to 

conserve supplies for meeting demands at the field. Lining 
of canals to a best proposition where the following problems 

are ppredormnervt s 

1) Problem of drainage. 
ii) Problem of salinity and alkalinity due to inten- 

sive Irrigated agriculture. 

iii) Inadequate supplies at tail and from he evy 
percolation  losses, and 



iv) F'rsqiont damages at the high banking roaches. 

All the possible and feasible oltorzmtivec as explained 

above are examined and selection of one or combination of 

more than one method is made depending on the 'pr valent 

conditions in the command, 

if problems of agricultural dcrveioprnent arise in face 

of lia ted water resources and there is no scope for increa 

sing the command area, a six of methods of conserving the 

supplies, of conjunctive use of gx'cund watoro and curface 

waters,  and of lining of c l s 1 s adopted. Decision is based 

on keeping In viow the drainage requirements and problems 

of water logging, percolation losses, quality of ground rater 

and its economic exploitation. 
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CHAPTER 5 

R 4ODZLLING OF CANAL SST 48 WITH INCREASED WPPLIES 

5.1* ERAL  

In the previous Chapter * the modernisation of the 

existing systems is dealt with. In this case, the .supples 

available within the System are utilised to meet the incre-

ases in demands. Sometimes it is difficult -rope-Up- :th 
] rge- cre e$ without considerationn of additional resource 

ro 	$r;xir /?,Q- ~•aonaJs 
from outside the co and in demand on account of extensions 

of the canal systems to include newer areas and/or to provide 

intensive Irrigation facilities. In such cases additional 

supplies have to be arranged either from the storage on the 

upstream of diversion site or euipented from other basins. 

The proems of remodelling are also different from those 

of the modernisation. 

The possible cropping patterns likely to develop in 

the existing as well as new areas are predicted. The demand 

and the intensity of irrigation likely to develop are +value,- 

ted, An appraisal of the existing and add tional supplies. 

likely to become avail able 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 under 

the revised operating conditions, their large scale remodel-

ling also becomes necessary. 

In case of modernisation, the collection of particu-

lars of command area described in 1*,2 is restricted to axis- 



Ling area of the system. In case of remodelling, particulars 

are also required for the entire area which is proposed to 

be Included.. 

After collection 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 a aluated. and economic analysis  is made to select 

the alternative of remodelling that must be adopted. In such 

analysts, the field appiio.ation efficiency as would obtain 

in the changed conditions is accounted for 

while in case of modernisation, the increased demands 
are met within the command by reduction of conveyance losses 

by provision of lining etc and, by conjunctive use of ground 

and surface waters, remodelling may need adjustment of canal 

section to cater for additional supplies as well. 

The methods indicate. In para )+.)+,*2 are applicable 

in this case as also the major remodelling of the canals that 

may be inevitable and for which the guidelines explained In 

Chapter 3 govern. The remodelling of the structures will also 

be necessary  necessaz7 as described in Chapter 6. 

5.3.  ALNTIVS. 

Based on various method, of modernisation er remodel- 

ling of canal systems discussed previously, all the possible 

alternatives are listed out. 
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In the case of modernisation, the probable alternatives 

arekwith or without lining and with or without conjunctive 

use of ground and surface waters. The drainage facilities 

are included as they very in magnitude in each case. 

In case of remodelling with increased supplies$ the 

scale of remodelling is decided after studying the various 

cropping patterns and canal capacities, Balancing of supplies 

and demand are kept in view. All the factors mentioned in the 

modernisation are also considered. In these cases stage remo-

deiling may also be taken into account.. 

In cases, where conjunctive use of ground waters and 

surface waters is p3.arrnod, the following different systems 

will be considered. 

A. In Case 	 o 

1. Fxp2oitation of ground water by private tube wells 

managed by the farmers and/or public tube wells 

dispersed in the cane, command using separate or 

some water sources as eupplimental facility. 

2. Exploitation of ground waters through high Capa-

city deep public tubewells serving as feeder wells 

for augmentation of supplies in the main canal. 

The system may also have exploitation through pri-

vate tubeweiis as well for supplimentai irrigation. 

3. Exploitation of ground water . through public tube 

was dispersed in the command to serve as feeder 

wells in the distribution system with or without 

large feeder wells and private tube veils, 
roq~r~~ 

rum.l 11I Ln itWtV 1 17T f1 AARKFF 



[, 	 r ~s 	• 	• 	E Kr 

JW p~ixng ground water supplies through public feeder 
V) Grn•~ p„, 	t:ad 

wells limited by quality and pumping for dra1nage, o keep 

down salinity. Exploitation through private tube wells may 

not be possible in such cases. Some of the alternatives may 

not be feasible and can be ruled out by study of the existing 

conditions in the command area. At this stage, approximate 

estimates may be enough. Once the choice is reduced to few 

promising alternatives, then benefit+ and costs are evaluated 

in detail for selection of final plan. 

' 5001.  IWnei?al 
it is likely that no single method for modernisation 

or remodelling of the existing ,systems discussed earlier may 

suit and a combination of technically feasible methods for 

large benefits to accrue to the people,, may be suitable. 

Therefore# it Is essential that a large number of possible 

and feasible alternatives are considered. 

It Is necessary to determine the relative economy of 

the various alteratives in the programme. The costs arid bene-

fits for each alternative are evaluated and the scale of 

development is faced and the best alternative is selected 

based on the economic evaluation by Comparison of benefits 

and costs. All the benefits and coats are translated to a 

co on basis as to time adopting a suitable rate of discount 

and period of analysis (economic life), The choice is generally 

in favour of the alternative which maximises the net surplus 



gain. The social aspects are also considered in final 
selection 

The econc is cysts is simple when the benefits in 
each alternative plan are pr determined. In ease of moderr 
r isation, the cropping pattern and its intensity of irriga-
tion i s generally known in view of the existing conditions 

In the command area namely soil and land Classification, 
climatology and agricultural practices and .herefore*  the 
selection of the beat alternative Is simply based on comps-• 

neon of annual costs only while in situations where remode- 
3 ling for increased supplies is contemplated, different 
cropping patterns are considered along with feasible alter-
natives and selection of the alternative with appropriate 
canal capacity is made. 

,2.  i airement of _BenefIts. 

In edor mic analysis, the primary benefits which can 
be evaluated in market place and can be assigned monetary  
value are accounted for. Benefits in the diseuaton here denote 
net positive benefits after alloying for adverse or negative 
benefits 

These benefits represent the value obtained from the 
sale of prof act produced goods and services and also the 
benefits accuaa ing from physical effects of the prop eat on 

the user as contrasted with effects transzitted through marl et 
transactions. In the ease of remodelling,$  the primary benefits 
are., therefore, the net annual agricultural income from fan 

produce before and after remodelling; 

5? 
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The secondary benefits from increased activities of 

processing, manufacturing and trade from the increased emp 

loyment opportunity from new Jobs created to construct,, 
Maintain and operate the prof cot may  be' :important; but, do not 
appear in the computationsas. 

Intangible benefits are extra market benefits that 
cannot be assigned a monetary value. These benefits include 

greater stability and welfare of community, strengthened 

security, better diets and health new opportunities for 

settlement, employment, and savings in earnings of foreign 

exchange by redaction of imports and increasing the exports 

of agriculture . production. These will -only influence choice 

indirectly. 

The farm costs required to prepare the land for irri-

gation, convert to a new cropping pattern and purchase of 

machinery required by the new crops is also considered. 

5*p.3.  Measurement of Coats 
In case of remodelling iitt increased suppliest  the 

costs cover the modifications to canals and structures, 

provision of lining and installation of tube wells,, if fir. 

Drainage facilities may be required In the command when inten-

aive irrigation is contemplated and is also taken into account. 

The costs comprise not only capitaal cost but also 

operation and maintenance charges, which include anal 

rep,a ►rs, maintenance and operation of works # power charges 

etc. apart from modifications to canals and structures%  pro-

vision of lining, installation of tube wells etc. 



Economic efficiency is generally the criterion for 

selection of the scale of development* The annual costs, 
annual benefits and net social benefits - are calculated. 
No alternative where the benefits do not exceed the coats 

is selected. The alternative where marginal benefits is equal 
to marginel.,Is adapted in case the resource is scarce eXd. 

the scale of development is considered upto a point where 
the benetit.cost ratio is again unity. 

The same general. criteria will govern decision on 
the scale of remodeling, 
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6.I• Genera. 
6.2. Problem a and Methods. 
6,3. Decielon on Methods. 
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R1ODIJLNG OF STIVC1JRES ON CANALS 

601. GENRL 

At the time of original construction of structures 

on the old canal systems, the designs might be based on the 
then prevalent knoviodge of engineering technology. In the 

face of great advancement in the technique of design and 
construction of structures#  regulating structures such as 
fa s# regulators, cross drainages etc. may now appear to 

fifer from inadequacies of designs and m ?' require 	o- 
dolling to render them safe. Such situations can arise as 
f'o ovs: 

Ci) Inadequate length of floor and downetroan cut- 

off from consideration of piping for the struc-

tures on pernoablo foundations Moh can cause 

undorminin(; of the found..tions We to steep exit 

gradients and the structures may mein in per-

petual danger of dcnago duo to ,piping". 

(ii) Insufficient length of floors with andwithout 

provision of friction blocks and end sills from  

considerations of diaeip ation of energy at the 

falls and regulators which may rowt in erosion 

of loose apron and block protection or damage 
floor or croate scour holes in bed. 

(iii) Insufficient thickness of downstrean floor from 

consideration of uplift pressures on foundation 

floors and unbalancod head duo to tomation of 
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(standing tavo) bydratilic Jxap which may cause 

cracks in the floor. 

(lv) Insufficient dopth of Cut-Off wails on the up s-

tro and downstrei of the structures i ith respect 

to 8CCUX' sblch may re .t in damage to the floor 

and in formation of the scour holes. 

(v) Incorrect assumption in design, with respect to 

retrogrocaion on recount of which the t, 	water 

levels may be lower than assumed and may create 
unnfuvourable conditions for for action of the 

bydraulic Jump reEultirzg in d tagea to the floor 
and protcedon L-arto 

Invoetigations n:rsr have been insufficient or 

the pocaiblo operating conditions might not have 

been visualised at the Initial stage uhich may 

a so lead to Inadequate design, and 

(vi) Provision of structures on the soil foundations 

comprising more than one typo which can cause 

cracks in the structure due to unequal settlemont. 

The structures may not be able to withstand the loads 

under the designed conditions due to adoption of improper 

methods or construction not conforming to the standard speci-

ficatione, and damages may occur in the structures that may 

need strengthening or reconstruction, 

The ctr ctures that may have outlived their normal 

life and are showing signs of deter .oration may require 

romoc Ming or reconstruction, In the later case, it may be 



necessary to build them at a new site when foundations may 

have been rendered unsafe. The structures may also require 

remodelling if increased supplies are contemplated to meet 

the changes in pattern of demand and require modification of 

operating conditions. Mary structures may not remain safe 

under the revised operating conditions. The uplift pressures 
and the exit gradients increase on regulating structures and 

the energy dissipation arrangements are rendered in equate. 

The conditions become severe if the structures have been 
suffering 'rem Inadequate designs. 

In all cases of remodelling, data has to be collected 

to study the problems, tram* the issues and select a suitable 

method of remodelling such that the structure is safe under 

all operating conditions. 

The problems can be broadly classified into two cate-

gories, the one relating to the structures having inadequate 

designs or improper constructions  or in various states of 

deterioration or swage and the other relating to structures 

in canals where increased supplies are proposed. 

In the former case data is to be collected to know 

the particulars of design and construction in respect to 

original works and subsequent modifications. The detailed 

history of operation of the cana ., its discharge and losses 
an& performance of the structures are studied. AU such 

information is useful , to &dent.i4 the problems and to arrive 

at the appropriate methods. 
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If the problem in duce to piping It can be solved by 

provision of deep Cut•►off with or vithout extending inpor- 

vious floor. The dotatls are iiod out after analysis of 

uplift drosouros and scour depth. 

If the dounstreas floor or protection works are inade-

quato suitable enoray diocip ation davicee 4th5 or I.thout 

oxtoncion of the floors are provided to dissipate the excess 
onor,aq of flow and bring the velocities within nor al limits 
in the canal section. It the dissipation of anew cannot be 

achiovod on the dotmstro floor bare in the bed or other 

c rrungomonts arc conisidorod. 	 . 

Inadequacies in thichnosa or downstre a floors are 

handled b r replacement of atone masonry 	brick masonry 

topping by plain or reinforced concrete to neco the floors 

stablo against uplift and unbalanced pressuro in the hydrmu-
lic jump trough. 

Increase ofinsufficient cutoffs on the upstream and 

downstream floors nea. cutoffs are provided to the desired 

1m l to make the structure safe against ceour. This may need 

strengthening of the floors* 
LJ 

If the aootnonc has resulted from improper methods 

of conotruction strengthening or ropiccomont of th© various 

components Is necessary. 

If damage has already occurod reconstruction with  

all the above precautions using modern concepts of design 

is the solution. 
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In case of increased supplies, remodelling uill cover 

most of the structures on the canal system and accordingly 

all data as In the former case as woll as for future condi- 

tions will be required. 

If the increase in the carrying capacity of the Canal 
is wa .U, little remodelling of the structures may be needed. 

If however, there is substantial increase in capacity of 

canal, the structures may require large scale strengthening 
or reconstruction. it All not depend on the total supplies 
bat an the discharge capacity to be provided in the canal 

dependent on the method of meeting the demands as Indicated 

in Chapter 3. Sometimes, flom',ng of canal at the structures 

may be possihle. 

For large increase in discharges, the canal is usually 

remodelled by increasing the width of canal as well as full 

supply depth often without changing the surface slope, It 

Increase in depth by raising the full supply level is con-
tomplatod the structures are required to withstand more 

adverse operating conditions# if deepening of bed is proposed# 

.table transitions in the bed are to be provided to negotiate 

the difference In bed levels at the structure. The founda-
tions may need strengthening in this case. If flumning i s 
• wtAAJ& , r.a..~u 	.n
feasible at Qwidth of canal are also necessary • The velocity 
of ,flow IWemasee at the structure and therefore, provision 
of ro etmont or lining may be found necessary* If f .umming 

Is not possible, then the width of the canal is also proposed 

to be. increased at the site of structures, dismantling of 



abutments atlea t on one side and their reconstruction is 

required. 

The methods applicable to various regulating arose 

drainage:, bridges and outlets In different situations have 
been cuescribed below• 
i) o 	a in - 	rao u a 

These fell. into three categories namely; 
1) Cross regulators 
it) Offte-Ke regulators 
iii) Etc.ape  regulators. 

The principles of dosi * are s .lor in all cases 

though the op orating conditions are somewhat different. 

In case of cro is regulators the bed i eve. on the ups-

tresm and dointroan is gonerafly tho acme unless a fall 

may have been constructed with it: whereas the bed level of 

offtake or escape regulators is dependent on its cross section,. 

The o cope regulators are operated to release the 

surplus waters In emergencies only and thus are subjected to 

less severe conditions. 

The operating conditions for ofTtske regulators are 

more uovore as hoad regulators operate with varying discharges 

and may be closed when thorn is no demand or for repairs. 
This is accounted for in design b►y selection of suitable 

allowable exit gradient 

The piers, abutments and gates are atrosood to rna . 

mum when the gates are closed and water to upto top of gates 
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and no water on downstream side. The uplift pressures and 

exit gradients are also maximum under these conditions. 

Accordingly increase in bed width is taken care of by 

extension of waterway, by provision of additional spans. 

The existing abutments and wings on one aide or both 

lidos are to be di antic d and. reconstructed. 

But In oaso of .full supply level, strengthening of 

abutmonta, wings and piers are necessary. Modifications to 

gates in roapeot of height and sizes of its components are 

essentially roquired. Depending on the discharge, the type 

of onorr dissipation arrangements i.e. cistern, friction 

Mocks end ci13. etc. are decided keop .ng In view the oeono-

mica r .so. 

Tho length and thickness of impervious floor are 

increased in view of exit gradient and uplift pressures. 

The depth of Cutoff walls and their foundations are modi-

Pied suitably based on scour depth, exit gradient and type 

of soil to suit the revised operating conditions. Suitable 

alterations to protection works are also suggested if 

requirodt 

(b) UEi 
The principles of design for ooggulators 

are applicable to falls as wall . The difference is that 

the falls are subjected to leaner severe operating conditions 

in view of lesser fluctuations as compared to rogulators 

which may roquiro heading of water on their upctra1 or due 

to relation of offtakes. 



In case of drainage syphons the loading on cU 

members of drainage barrels, a h or rood' slab, the abut 

meats and piers, and the floors depend on the depth of f:Low 

in the canal. The worst condition may occur when the drain 

is empty and the canal runs at full supply level* 

It change in full . pp3y level is not contemplated, 

though the canal be depressed on either side of the structure, 

the remodelling of the structure will require extension of 

barrels to accommodate changes of width. Dismantling and 

reconstruction of drainage wings and extension .on of masonry 
floor#, block protection and launching aprons may be necessary.  
In cases where increase in full supply level is proposed$  
the problem will not remain simple when the members are sub- 

acted to higher stresses than permissible valuvn. Then the 

strengthening is needed to bring the stresses in permissible 

limits by adopting appropriate methods. 

(b) C.- 	',hon* 
In C se of canal yphons, the structural members 

will be stressed to maximum when the drain is running at 

maximum flood level and the canal is empty and therefore*  

the increase in discharge of canal does not govern their 

structural design except In case of substantial increase In 

depth of canal. 

Additional barrels on one or both Side$ of the exis 

ting barrels to accommodate the Increased discharges have 

6 ?. 
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in any case be provided. It reconstruction of barrels oen 
is not necessary, the extension may often be done with the 

side of existing barrels *, The approach and exit transitions 

are to be dismantled and reconstructed to suit the new bed 
width of canal. 

(0) #gueducts 
In aqueducts, tluuining of canal is usually resor-

ted unless there is substantial Increase in canal discharge 

is envisaged in remodelling, when parolel aqueduct is provided. 

In or-so of remodeling .lamming is contemplated on 

upstream and downstrezrn and the structure is strengthened 
if aqueduct rests on arches over the drainage vents, there 
is greater scope for remodelling. 

Nandrai aqueduct on Lower Gang. Canal vhich was on- 
,.na .1p dt si ed, to carry 	 t 3 ' 	~co) was € 	` a discharge o f I_* cr sec's) er 

remodelled in sixes to comsodate(00 cu sees with incre-
ased depth of flow in the trough. Now for additional increase, 

a parallel aqueduct is envisaged. 

Cd) Inlett 
if remodelling of the canal is decided by deep-

oning without changing the full supply level, the remodelling 

o ' inlets is not needed. 

If full supply levels are proposed to be raised in 
remodeLling, the present inlets may not function when the 
canal runs at full supply hovel. i The P.5.d. will be higher 
than the sill level of the inlet, creating the submerged 
conditions of flow and may cause water-lagging, 
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in any case be provided. It reconstruction of barrels c 
is not necessary, the extension may often be done with the 

side of existing barrels. The approach and exit transitions 

are to be dismantled and reconstructed to suit the new bed 

width of canal 

(o) uxct 
in aqueducts, fluriming of canal is usury rosor- 

tod unless there is substantial increase in canal discharge 

is envisaged in remodelling, when parallel aqueduct is provided* 

In case of ranodalling flumming is contemplated on 
upstream and dowastrose and the structure is strengthened. 

It aqueduct rests on arches over the drainage vents, tharo 
i s groator scope for rc odolling. 

Nsndrat aqueduct on Lower Ganga Canal hich ve,s or ,- 
1I:•'3 C.'-%" 

ginally designed to carry a discharge ot( OOO cuseca) was 

roniode].led. in sixties to eCco1Dodate(00 cu sees) with incre-

aeed depth of flow in the trough. Now for additional increase, 

a parallel aqueduct is envisaged. 

(d)  meet,  
If remodelling of the canal is decided by deep-

ani.ng without changing the full supply love.,, the remodelling 

of inlets is not needed. 

It full supply lovels are proposed to be raised in 

remodol.,aing, the present inlets muy not function when the 

canal runs at full Bu. pl3r level. The F.S.L. will bo higher 

than the sill level of the Inlet, creating the submerged 
conditions of £Low and may cause water-logging 



3)  

In case of increased gaige of canal at the site of 
st ctu'e 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 
dismantled and reconstructed unless in case of slabs which 

can be raised, The piers and abutments  abutuients may also be streng-
thened and raised to proper heights. 

Extension of required spans will be necessary to acco-
mmcdate the additional bed width. In such cases the and 

abutment will serve as thick pier. 

If the width of the canal is increased without chang-

ing the F. S.L M at the structure the free board will be suffi-

cient and only provision of additional spans modifications 
to upstream and downstream transitions will be needed. 

4) 2A  ,let ..,' 
The outlets are generally pipes provided In the banks 

to supply water to the mater courses . The discharge varies 
from 1/2 to i* cusece en. the diameter fran +" to 1 ft. 
(lead and tail walls may not be provided for small water 
courses. Sometimes controlling, , rr gsments are also provi- 

ded. If cropping pattern i s proposed to be changed 	outlet 
the pipe will need replacements with larger diameter pipes. 

These outlets can easily be refixed to suit changed 

supply levels in canals being simple structures,* 
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The decision an the methods of remodelling of a e-

tuxes is generally governed by the type of problem encoun-

tered in each Ogee, feasibility of method ea per site con+ i-

tiens, structural soundness of the existing members, case of 

construction in remodelling and relative economies. Principle 

of least cost subject to sound structure will govern. 
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CHAPTER 

CA 81 BI 01 RF OF , ODELLING 

a.r 

The case histories of the two remodelling votks in 

Andhra Pradesh namely 'Moderxd,sation of Krishna Delta st n" 

and the other "Remodelling of Kurnool Cuddapah Canal" are 

described in this Chapter to give an appraisal of the problems 

met and solutions adopted in each ease. 

The proposals for the former project are under preli-

urinary stage of project-formulation. For collection of data 

and to suggest a detailed plan#  an orgy cation called Moder- 

nisation Cell Comprising of a team of Engineers, soils and d 

Agricultural Scientists and Statistical officers has been 

constituted by, the Goverment of Andhra, Pradesh State. 

The ,latter project had many defects of design and opera.- 
Rion in the old system, originally constructed in 1866. Its 

remodelling has been completed in 1960 to remedy the defects. 

7.2.1. 	ti sir Of mm 	e 	 SR 

7.2» 1.1.  H..$ .work end. cenaa 
Krishna is one of the major rivers In India 

and the biggest river in ,Andhra Pradesh• It originates from 
2_s'ne4 

Western Ghats and drains an area of 1-i6OjOOO aq.km. It carries 

an enormous flow during monsoon period. British Engineer, 

Sir Arthur Colton built the delta irrigation canal system 



including the heathrorlta at 'Vi4 ayatiad.a In the year 1859 to 

harness its supplies, It is mainly due to this sytn that the 

Andhra Pradesh is ]known as Rice Grannery of India. It vas 

originally contemplated to provide Irrigation facilities to 

an extent of (6 lakh acres) 2.143 lakh ha. 

As Krishna 1s a non-peronniol river the flovo in the 
system did not hare, during December to ay, sdoquato supp-

lies to meet demands in Rabi season. After the construction 

of Ua~arjuna S51at dean on upstrecm side$ the situation has 

.improved and stable ippUeo are now available in the system 
from the reservoir in lean periods. 

Original voir after serving for 93 yearn ran damaged 

in 1952. A modem barrage called "Prakasam Barrage" was built 
almost at the dam site in 195"+ to 1958 with a higher pond 

level to make possible dratral of larger Quantities of water 

during the critical period of crop growth namely transplan-

tation and flowering season. The canal systems on both sites 

gore alto remodelled to extend the irrigation facilities 

to (12.5 lakh acres) 5.06 lakh ha. 

An index plan of Krishna Dolts, and another plan shoe- 

ing the canal system are appended vide Fig. 7.1 and 7.2 

rospoctively. I1ost of the main canals and some of the bran-

thee of Krishna Delta system are both irril3ation-cum-nevi-' 
gation canals. The head discharge of the left and right aide 

canals are (11,000 cosecs) 311 cumecs and (8000 cnoocs) 

226.5 cumccs respectively, 

6; 







7.2.1.2. OQmman&Area 

The card area comprises of rich alluvia" 
deposits. The topographyr is very flat with a slope of about 

I In 5000 at head to 1 in 10000 at the tall end, the command 
situated .n the delta area along the coast of Bay of Bengal. 

The area is thickly populated and agriculture is the main 

itstry In this area. The average rainfall in the area is 
(41.'7 inches) 1054 mm. The rainfall pattern varies widely 

over the coxman.d 'area. The coastal ta11ks are subjected to 

active north east monsoon (Oct.-Nov.) whereas the interior 

upland areas are served y South-West monsoon (Jun to Nov,) . 

The temperature in the upland area i s more than at the sea 

coast. The annual pan evaporation figures at Gannanaram and 
Masulipatnam are (1I5.0 inches) 2921 mm and(6.81 inches) ZG &c 

respectively. 

There are wide differences In soil#classifieation as 
well in the coiand area. The high level delta between (40 ft 

contour to 10 ft) 12.19 m to 3.0 a contour is mostly ba..ck 
cotton soils. The soils between (10 ft and 2 ft) 3.05 m to 
0.61 .m contour are varying from black cotton$ light loam, 

saline with sandy patches. Considerable areas are subject to 

water-logging. The soil classification for the area Is as 

follows$ 

Black clayey soils 	3.64 lakh ha 
Light loans 	1.02 n 
sadly 	 t p E~ 

Total 	56 lakh ha. 
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Rice is the predominent crop in the delta and covers 

95% of the Command. Farmers have gained much experience in 

growing rice crop. Perennial garden crops of sugar cane and 

turmeric are the other secondary crops. Pulses green manure, 

and fodder crops such as Daincho, Pill ,pesare and inhenp are 

being grown with the residual moisture in the area in Rabi 

season or in smear in low lying areas. At present, there are 

3000 filter point we is (shallow tube wells) in the command 

to supplement the requirements of perennial. crops when canals 

are closed. The farmers are using high yielding varieties of 

crops and chemical fertilisers in addition to green manure. 

The use of machinery and improved agricultural impliments 
has not yet caught up. The method of application of water is 
usually wild flooding and field to field irrigation is in prac-

tice which results in wastage. 

The actual irrigation particulars are as follows. The 

net command area is Q2.50 lakhso.' ) S •0 6 )k L 

As per crapping 	Actual , irriga. 
r atteLrn L cr.r.ww+~rL kh 	11M t& on .~irrw~w 

acres. ha! 	acres. ha. 

Paddy 1st Crop 
Jun-Nov/Dec.  12.00 4.86  11.?7 4.75 

Perennial crops such 
as sugarcane, turmeric 
plantains etc . 	d • 	0.26 	4 

Total 12. .06 12.03 
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2nd crop paddy Dec- 
Apr. 

cotton Dec.-May 
Ground nut Jan-Apr. 
Pulses, bdder,Manure 
etc. Dec+-Feb. 

2.40 0.99 2.5i3 1.01 
0.4) 0.16 0.05 0..016 
0.50 0,20 0.20 0.08 
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Though Improvements to the canal system have 

been implemented from time to time, the supplies are not 

canenairate with the tremendous increase in demands eanse- 

quent on introduction of high yielding vart .es of crops and 

multiple cropping pattern. As observed from the particulars 

of Irrigation, the intensity of Irrigation is about 168%. As 

the pattern of demand has changed, it is found difficult to 

supply water at proper time and in proper quantities during 

critical periods of crop growth In transplantation and flow-

ering stages. 

7.2.2.2. Limited water- Resources 
II I I 1 	rIY11~Yli~illYi1lY 	II 

The use of surface water resources is limited 

to (181.2 T.M.C.) 5114 m-* 	ec•s. as per the award of Inter- 

state River Water Dispute Tribunal. 

The quality of ground water in the delta area is 

saline and brackish and unsuitable for irrigation. Uovever, t e 

the ground water in the upland area is of good quality and 

can be exploited for irrigation. 

At present, the supplies for the rabi period are 

released from Nagarjun*eager Reservoir pending development 

of eyacut. iiture problem of supplies may arise In rabi as 

the source i s a non-perennial river. 

?.2«2.3. Riffculties of OPe ar t3 n 
In operation of the system, the farmers in the 

head. reach are utilising more water and are over-irrigating. 
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The transplantation in the low lying areas is thus dolayed. 

These areas are rather subjected to heavy flooding and sut er-
ssion due to the cyclonic depressions in the B r of Bengal. 
The tillering phase of the crop growth is effected and conse. 
quontly the yields are less. Therefore, properly planned 
rector' of water supplies to meet the demand by staggering 

the transplantation is necessary, in this low lying area, 

to avert damages trop inadequate Eupplies. 

7.2.2.4. Hood for Drama, e 

As there are occasional heavy and wide-spread 
rainfalls in the area under the influence of cyclonic dopro-

suions in the sea and the topobra thy i s fiat, the surface 

runoff is sloe and sluggish creating severe drainage conges-

tion and causing demagog to crops. There is big natural depre. 
salon in the cotnaa d area callod I(elkri Lake which is also 

causing drainr o problem duo to peripheral s bmersion of 

about 1 lakh acres. 

7.2.3.  Prooo 

After the studying the characteristics of the command 

the trend of the tanners etc., the Water Mnnagemat vision, 

Ministry of Agriculture, New Delhi suggested a multiple crop-

ping pattern with a cropping intensity of 232. l!bilo calcu-

lating the water requircmonto of crops, two alternatives wore 

cuggootedh one with a high gysttn efficiency (Paddy 76.55 , and 

other crops 63.8%) 	e--frilowtng and the other alternative 

with a low system efficiency (paddy 67.5% and others  

The losses assumed in both the cages are as follows: 
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HiSh 
Efficiency 
system. 

10% 

25% 

7" 

Lore 
Efficiency 
Sy stmt s 

25 
1a 

25% 

0.12/'d 	0.12)day 

N11 	Nil 

Transmission losses. 

Fiala. losses for paddy. 

Field losses for other. 
crops. 

Deep percolation in 
high level. 

Deep percolation In low 
level. 

For the purpose of calculating the water requirements, 
the entire area is divided into three zones: 

3.05 -M 
(a) High level delta above@0 ftjl.contour occupied 

by black cotton soils covering roughly (7.5 1elsh 
acros) 3.O4 lekh ha. in which intensive irrigation 

con try: contemplated. 

(b) Lou love). delta of mixod soil partly saline, 

Tatar"-loggcI charactorisod by N.3.noncoon also 

covering roughly (1+.4 lekh acres) 1.62 lath ha.. 

suitable for late paddy followed by early paddy 

and partly pulse or fodder. 

{c) coastal sandy area covering (I lakh acres) 

O. lakh  ha. 

The suggested cropping patterns and the do ends are 
shown in Table 7.1, The demand for the high system efficiency 

is (220.86 T.M.C.ft) 6257 million cubic metres which is prop' 
+os ed to be adopted. 



It is fo1.t that transmission losses of 15 is practL-
cabie for lined canals. However, field losses of 1O5 for 
paddy and 255 for other crops is on low side. Hence, it is 
suggested that the field losses of 3O5 may be adopted and the 
corresponding demands are incorporated in table No.7.11 In 
view of limited resources$ it Is proposed to meet the balance 

demand of (41 T.14. C.ft) 1160 Million cubic metres partly by t 

utilising the ground water resources in the upland area 
partly by conserving the water by preventing the losses in 
the system through lining and partly by economic utili. satton 

of surface water through reduction of field application losses 

melting use of better water manz gcment, crop management and 

coil management techniques. 

As the canals are unlined at present, the corxveyanco 

loosos arc found to be upprociablo in candy coils at the tail 

end roaches and high embanismont reaches, Now water is being 
utilised liberally and wasted in the head reochos. Therefore, 

there is groat need to educate the farmers in proper uator 

and soil management techniques. Though the fauuers in this 

area have al +cd contributed much to the national effort of 

increasing the agricultural production, it helps further 

improvement If they are trained t guided at field in the 

modern agriculture. A e€r extension sorvice is proposed to be 

created. 

The mixing of sweet canal waters with saline ground 

water is also under active consideration. The reuse of the 

drainage water by providing lift systems is also contemplated 
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to augmont the supplios. Filter points (sh .ow tub wo ls) 

are proposed to be increased to utilise the affluent seepage 
from the canals. 

When the ,syacut under the Hagarrunasagar i . tally 

	

develop, It 	be difficult to supply water to the delta 

system for Rabi crops as the pattern of supplies available at 

heathiora is not sufficient to meet the demand. Hence, a reser- 

voir called V'Palichifthalo Reservoir" across Krishna fliver 

in between the Nagar] unasagar da and Vjayawada is being 

Investigated to meet this situation. 

Properly planned tiro table for regulation of supplies 

to advance the agricultural operations in the low lying areas 

is proposed to be enforced to prevent the damage due to the 

submersion of the rice crop immediately after the transplan-

tation in the tillorint3 phase of its growth, on account of 

cyclonic depressions in the sea. Pbr this purpose, the entire 

co=and is ividod Into 3 Sono s; 

acne - comprising of low lying and su ierssiW.c 

areas where severe drainage congestion takess 

place from August onwards under the influence 

of South-West ixonsoon. 

an t- comprising of noxaoal areas which are loss 

susceptible for drainage congestion. 

	

Zone 	 ` comprising of lands commanded by high level 

channels and lift canal schemes which are 

least susceptible to flooding and drainage 

problems. 
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It is planned to prepare and implement the operational 

programme so that tkonpl antation is completed before end of 

Tune in Zone 19  and before end of 21st July in Zone II and 

before end of July in Zone 111. 

It is very difficult to implement this progrcwne unless 

the irrigation officers are vested with compounding powers 

to deal with the offenders. The draft irrigation Bill under 

circulation in Ministry of A-k.Govornment bilk. provide such 

powers. 

Regarding drainage problems in the area, the eovermont 

of India constituted an expert committee undar, the Chairmanship 

of 8r1 A.C.Mitra to suggest comprehensive dretncgo plan for 

the entire delta* Action is already teen In this rogaz'ds. 

The other items of 'work to rectify the defects in the 

canal systcm, the remodolling of damaged or outlived structures, 

additional bridges, infrastructure facilities with extension 

service aria also planned. 

The proposals of modornisntion of agricultural . patte n, 

are token up by agriculture department. 

7#3.1. 	jcu1arnofthoffitcm and coma 

7.3.1.1.  Af fiYi rnd..oc 	4c 

Tonga and Bhadra Rivers rise in the restern 

ghats uhich join at Kundeli illag,e In i4ysore  State. The com-

binod river in called Tungabhadra river which is a tributary 
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to Krishna River It drains an Cea of (21,985 sq.milos) 

(,3, q6 o sq,kilonetron before it reaches Surkesulo anicut site. 

The Kurnool.-Cuddpah canal takes off from the Sunkesule Anicut 

which was originally constructed in 1866. It was constructed 

by a private irrigation compexw ca.led "The Madras Irrigation 

and Cana. Company Limited". The work was started in 1863 and 

completed in 1870. 

NO flows are available In the river at Sunkesule anicut 

from November to L1j. l ut regulated flows from the Tungabhadra 

daa which is situated at about (145 miles) 232 kiloinotres 

upstron side$ are acvailable. 
3041<--'-' 

The total length of the canal is 190 silos The eyacut 
locelis+od in 1935 is (102 	acres), )+1466.61 hectares. The 

acut was proposed to be increased to (2#78,000 acres) , 1.121 
IOkh hoctaros after remodelling the canal. A plan showing the 
canal systcii is onclo sod vido Figure 7.3 and 7.4 . The , irriga-
tion  is direct from the main canal general and no bigger 

~utributaries are provided. 

7*3*Ii2» _ _ _n __r__ 

The topography of the area is undulating and 
hilly at the head roaches. The people are not industrious. 
The average rainfall In the area is (29.56 inches) 74 9 3 mm • 
The area is often subjected to severe f cminec as the rainfall 
is precarious and sc snty . The p redomi nent soil type is the deep 
silty clay loam to clay followed by deep clay loses. The silty 
clay looms to clay and clay looms put together corer. about 90,,' 
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of the area under i .C.canal. The other types of coils oncoun-

tered are sandy loam, loam and sandy clay loam. Before r o-

dolling, paddy was not popular though the narrow strip of 

land on right side situated in between the canal and the river 

was good land and two crops were raised. Where paddy was 

grown, send boeda were raised only after the canal water was 

let out from 2nd week of July and late plantation was done in 

AuCust or Ceptcmbcr. The garden crops raised were plantains 

and betel leaves in Kurnool and turmeric in Cuddapah district. 

sugarcane waa largely crown in Nandyal taluk. The dry crops 

raised were paddy, cholau, chillies, garlic,, onions, cotton, 

ground uit, ragi., korra, gtngol,ly and horse gram. The fsers 

were backward. Improved agricultural m.othods, or use of ferti-

lizers in large scale or improved seeds were not prevalent 

in the area. The cropping pattern before remodelling was: 

1. Double wot ( 1923 acres) 778.20 hectares. 

2. Single wet (25,3t+7  acres) 1O259.2 hectares. 

3. Syatcmatically irrigated dry (55,791 acres) 
225?8 hectares. 

4. Occasionally irrigated dry (19+5 acres) 7852.89 ha. 

Total = (1,021+66 acres) , 41466.61 ha. 

Single wet area was given water for paddy In Khartf 

season only. Double wet area was supplied water for paddy in 

both Kharif and Debi seasons. Lands irrigated in 3 years out 

of 5 wore classified as systematically irrigated dry and 

others are occasionally Irrigated dry. The discharged was based 

on duty and not on rational method of crop water requirement. 

CEIJTAAL LIBRARY UNIVERSITY OF ROOM 
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For wot cro,)s in Kharif and Rabi seasons, duties of (60 acres 
per cusoc) 757.1 ha. per ounce and(50 acres per cusec) 714.1 
hoctaroc per cuaoes were adopted. For dry crops in all seasons 
a duty of (100 acres per cusoc) *28.2 hectares per cumec 
was used. 

7..3.2. Problams 

1 • The K.C. Canal was originally designed and executed 
to carry (300 cosecs) 85 cumecs with a ft11 supply 
depth of (8 ft.) 2.44 a in head roaches. The scut 
(weir) was breached 5  tines in 1864, 1866 Oct., 

1868, July 1882 and 1885 Oct. In view of the fre- 

quent breaches, the crest of the uncut was lowered 

by 0.9 metro ( o-971-to-9r-8j-ft) in flareb 
1886. The full supply depth was reduced to (7 ft) 

2.13 ai and the discharge to (1600 cuscos) 45-3 cunecs. 

2. Further, thorn is a problem o.t silting at head as 

the head regulator was situated in a unfavourable 
location. 

3. The main problem in this system was that the irri-

gation potential created was not utilised even after 

a number of years due to the poverty, laziness and 

backwardness of the people, and the taxnorc are also 

allowed to exercise optional irrigation i .e. they need 

not pay water charges if they did not use the canal 

water. Consequently the canal was forced to draw 

low supplies as there was no demand for several 

decades. This led to the silting of the canal section. 
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4.• The canal In the first (75 miles) 12D kilometres 

runs throughout in a tract where the subsoil is 

shale and slate in layers badly fissured horizon-

tally and vertically. It was found by gaugings that 

the seepage losses were very abnormal being as much 

as (1000 cusecs) 28.3 cumecs in (1575 cuseCs) 44,62 
cumecs of head. discharge i.e. about 2/3 of the head. 

discharge. This has resulted in the  
cyacut In lower reaches. 

5. Problc s of operation also arose due to the defects 

in localisation on account of mixed cropping pattern 

under the co outlet. 

6, The cultivators showed Interest after 1952 to take 

up wet cultivation on large scale (after formation. 

of Tungabhadra Reservoir on up etre= side) . The 

situation has improved to quicken the pace of deve-

lopment with stabilised supplies. 

7.3.3.  Rropo0as •  

The head works were remodelled to remedy the defects. 

The weir was strengthened. The location of the head regulator 

Has changed and reconstructed based on model experiments. 

The optional irrigation exercised p.r.oviously' was not 

allowod, associated activities to develop the command area 

were implemented. 

1hO &eepage losses were reduced in the esnal 'rite. a .provi-

sion of lining, in the first roach of 120 kilometres. 
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Rolocolisation wau duo in 1955 taking into account 
the operatim prob3.oms as wall as the improved situation Me 
to the construction of Tungabbadra Reservoir on the upstroam 
side. A now cropping pattern was proposed as follows: 

1.  sugarcane = 	(13,930 acres) - 5597.20 ha. 
2.  Double wet = 	(10,001 acres) - 4047.30 ha 
3. :S;hg.le wet 	(1,63,i.+7 acres) - 66i5.0 ha. 

4. Irrigation dry (90,1+12 acres) - 36588.73 ha. 

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

The taxed croppina, pattern under the outlets is modi-

Pied either to complete trot or complete dry to mitigate the 

operation problems. The stabilised flows that could be made 

available from Tungabbadra Reservoir were token into account 
in suggesting the now cropping pattern. The canal aysti was 

now improved after carrying out all the above romodolling 

worts. 
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SUMMAR AX4D OM4WJSIONS 

The object of this dissertation is to present a review 

of the problems in the existing canal, systems causing the need 

of modern . cation or remodelling of canals and their structures, 

the different methods that can be adopted to solve such prob-

I = and decision-making process to select the best altorna-

tivo plan. 

The need of modornisatton arises from changed condi-

tions in respect of cropping patterns, extensions of facili-

ties and water use management td thin the command. The object 

Is to optimiso tho benefits of agricultural production with 

the supplies available in the system taking advantage of the 

modern concopto of design and those of Irrigated agriculture. 

It envisages improvement of water use efficiency and level 

of service through suitably remodelling the canal system. 

The channels requiring modernisation or remodelling 

may have problems of silting, scouring, or both, incorrect 

alignments, weed growth, loss of command and inadequate sac -

tions and structures. These problems are identified by cone c- 

ting the hydraulic survey of the canal • In these cases, 

suitable changes in the canal sections and surface slope, 

and in the alignment may be considered. The problem of made' 

quacies In design of canals,, head works and other structures 

due to limitations of technology at the time of their cons* 

true tion are handled by making use of the recent advancement. 



in technology to remedy the detects and render them safe 

under all operating conditions, 

In modernisation some of existing systems which were 

initially designed as seasonal systems for irrigation In 

Rabi or Kharit may be required, to provide facility In both 

seasons and may thus require remodelling due to changed 
pattern of demand. The canal sections In di `ferent reaches 
are remodelled to carry the requtred discharge$. xisting 
supplies are considered alongvith augmentation from drains$  

ponds etc. If ground waters are of proper quality, conjunctive 

use of ground waters with surface waters is considered. In 

case of poor quality ground waters, it will not be possible 

to harness them. Their mixing with surface waters may in some 

cases, be possible and is planned. Use of surplus surface 

supplies by storing them underground and using them along  
with surface waters to fit in with the demand is attempted 

vhe*ever possible. 

Situations may, exist in some areas ground water is 

being exploited on large scale which may ultimately result 

In depletion of aquifers. One of the me' hods can be construe-

tion of Kharif channels with rice irrigation for building up 
of the supplies in aquifers, 

Lining of canals is one of the main alternatives to 

conserve supAien for meeting the demands at . the fields.. It 

is a best proposition where the following problems are pre- 

f 

dominant; 



(i) Problem of drainage.. 

(ii) Problem of salinity and alkalinity de to 

intensive irrigated agr .culture. 
(iii) P,cessivo loss from heavy percolation losses#  and 
(iv) Frequent rim ages 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 changing the fall supply) °a  
tts. canal, or surface slope of the canal or more than one of 

these parameters. The magnitude of remodelling of the struc-

turee In case of substantial , increase in discharges on canal 
is also influenced by the selection. Lining of canals and 
construction of parallel channels for additional discharge. 
is also resorted. The feasibility and adoptability of any 
mothod depend on the problems in the canal such as silting, 
scouring, commandability, drainage and water-logging, avail- 

ability and cost of the land etc. as also the extent of 

rcaodelling and comparatives on economics of different alter-

natives. Therefore, careful selection. of the method need not 
be emphaci sod. 

In case of remodelling with increased supplies, there 

is an additional problcn to evolve an economic cropping pa-

ttern and the intensity of Irrigation. This is decided after 

studying the various cropping patterns and the corresponding 

canal capacities including their economics in consultation 

with the specialists. The modern trend Is to keep down the 

demands itself adopting water use manaaernont'  soil. manage- 



ment and crop management. 

All the possible and feasible alternative plans making 

use of = single method or combination of the above methods 

are generated to determine the relative economy by economic 

analysis. The annual costs and benefits are evaluated and 

translated to a common basis as to time adopting a suitable 

rate of discount and period of analysis. Economic efficiency 

is the general criterion for selection of the scale of ,eve- 

lopment" 

Along with the canal#  the structure on it are also to 

be remodelled* The structures an the canal constructed long 

time back with the prevalent knowledge of engineering techno-

logy at that time may now appear to suffer from inadequacies 

in design such as inadequate length of downstream floor, 

inadequate depth of cut off wa .s#, inadequate thickness of 

downstree n floor$  improper energy dissipation arz'angemeft, 

insufficient protection worts, incorrect assumptions in design, 

insufficient investigations etc. These structures require 

remodelling In faro of advancement in technology. The struc-

tures may also 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 life 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 reviseq. operating conditions requiring thereby 

their large scale remodelling. 

For small increases in discharges as in the case of 

modernisation, little or no remodelling may be needed. 

r large increases in discharges, when raising of 
full supply level is contemplated the structures are required 

to withstand more adverse operating conditions. However, in 
case of 	rise In full supply level, the remodelling is 

comparatively less. In sU _:5ses of remodelling, dismantling  

and reconstruction is inevitable to some extent and ,streng-

thening of some components of the structure. The magnitude 

of remodelling depends on the method of improvement to the 

canal section to convey the additional discharge and the 

structural soundness of the components. Various types of 

structures require various methods of remodelling as descri-

bed in Chapter 7 • The decision on the methods of remodeU ng 

of the structures is governed by the type of problem, .feasi- 

bility of method, ease of construction and relative economics. 

Modernisation of Krishna Delta Canal ysten Is being 

contemplated In Andhra Pradesh. The main problem in this case 
is increase of demands due to introduction of high yielding 

varieties, development of multiple cropping and limited water 

resources. The chances of exploitation of $round water are 

meagre because of their poor quality. This is proposed to be 

solved by ec onomi sing the water use through water and agri-

cultural management and redaction of conveyance losses 



through lining. 

In the remodelling of Kurnool Ciddapeh Cana., the 
system was suffering from inadequacies of supplies due to 
oxcessive soopage and percolation losses and the canal was 
lined to remedythe defects and to some other problems okv~- 

8.2e DXNGJ  
To achieve the national objective of ivartrnjsatjon 

of agricultural production, not only it is necessary to tako 
up the never irrigation projects but also to make better use 
of available suwlics in the existing systems, through remo-
doll .ng to fit in with the changed conditions. 

The anodern ,sation of the Ozist g rsteis improves the 
efficiency and at the came time also takes care of the inade- 
quacios and defects. In this Caro, better water management, 
soil managomont and crop managcztont arc the powerful tools 
to effect econony in water use. Lining and conjunctive use 
of ground and turf aco waters also improve the gyrator use of fi-
ciency.. The optimal system with or without lining, conjunctive 
ueo of surface and ground waters and drainage are to be con-
sidcrod . 

The selection of tho method of increasing the canal 
capacity must b3 bacod on the present problems in the canal 
(such as silting, scouring, conmandability, drainage and water-
logging, the magnitude of remodelling of structures, relative 
economics etc. 
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in older systems, conjunctivo use of ground waters 

and surface waters was not planned. In view of the advantages, 

it should be it plemented wherever possible to increase water 

use efficiency in the Paco of limited water resources. 

Lining of canals was earlier mainly considLorod to 

•cdxce the seepage losses in porous sandy soils and fissured 
rocky cuts. Now, the concept has changed;lining is now provided 

in many canal systems linked 4th conjunctive use of ground 

and curfocc watorc, water management and drainage bacod on 

ovoraU economic use of water resources. 

1. This rav4tcw covers the unlined canals only. A further 

study of the remodelling of the lined canals is 

fleCocCazy to know the gonorol problems encountered 

In such cases. 

2• Regarding the design of structures, a simple outline 

Is given In this study. problems of rc2odolling and 

reconstruct on of head works have not been discussed. 

A detailed review of the design procedures and methods 

under various conditions for different types of struc-
turos including head varke should be made. 

3. In this study, the methods of remodelling are only 

described. Planning aspects and methodology should 

be developed for basin planning for agricultural 

production by construction of inter-linked systems 

of canals. 
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