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Scanned with CamScanner
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FLOW IRRIGATION

51 INTRODUCTION

CThc irrigation system in which the water flows under gravity from the source (o
the agricultural land is known as flow irrigation. The flow irrigation involves,
aJ The construction of weir or barrage across a river (known as diversion
head works).
(b)” The construction of dam across a river valley (to form a storage reservoir).
“ (¢)” The excavation of canal system (Network of canals to cover the command
arca).

This type of irrigation is popular now-a-days becausc a vast area canbe irrigated
under this system. Some important projects (such as Bhakra Nangal Project, Ukai
Project. Damodar Valley Project, etc) have been implemented in India to develop
agriculture and to make the country self sufficientin food. The flow irrigation may
be of two types, Inundation irrigation and Perennial irrigation.

In inundation irrigation, the canals are excavated from the banks of the inun-
dation river. The bed level of the canal is such that the water can flow in rainy
season only when the water level in the river rises above the canal bed. The
construction of hydraulic structures is not necessary in this system. There is no
head regulator to control the flow of water through the canal. In this system water
is not available throughout the year.)

In perennial irrigation either a weir or a barrage is constructed across the
perennial river to raise the water level or a dam is constructed to form a storage
reservoir. Then the network of canals (i.e. main, branch, distributory) is con-
structed from the source to the agricultural lands. Here, head regulator is con-
structed to control the flow of water through the canal. In this system, water is

available throughout the year. )

5.2 TYPES OF CANALS

~Based on Purpose Based on the purpose of service, the canals are desig-
nated as (a) Irrigation canal (b) Navigation canal (¢) Power canal (d) Feeder
canal.
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nal which is constructed to carry Water g

. The cal ierioation i oMy
(a) Irriga:on ﬁ:ﬁ;’ml Jand for the pu,-poselof l|Crngauon is known irtj i:;
tothca \ ,elc.
z:‘rll;clcsuih as ghakra Canal, Rajasthan Cana

which is constructed for.lhc
'b) Navigation Canal The canal whi 4 ‘ :
(]) ,'ga':i . J as navi ation canal. This type of canal is alsg
inland navigation is known as navig a

for irrization such as Ganga-Bramhaputra nagivation cum irrigation Cang),
or irrig

(c) Power Canal The canal which is constructed 1o supply water With

i i ety
o power station for the purpose of moving turb;
high force to the hydroelectric po
gcgncralc clectric power is known as power canal or hydel canal sych as Nalnlegﬂ

Hydel Canal.

(d) Feeder Canal The canal which is consfructcd to feed another
river for the purpose of irrigation or navigation is known as feeder can,
Farakka barrage feeder canal.

Cang| ,

2.Based on Nature of Supply Based on the nature of supply,

» the cangg ;lrc
" designated as (a) Inundation canal (b) Perennial canal.

(a) Inundation Canal The canal which is excavated from the
inundation river to carry water to the agricultural land in rainy scas
the river flows to its full capacity is known as inundation canal,
provided at the head of such canal. The flow of water through th,
on the fluctuation of water level in the river. When the water leve
bed level of the canal the water starts flowing through the canal,

level falls below the bed level of the canal, th
stops.

banks of ,
On only whe,
No regulatoy is
¢ canal depeng
Irises above the
When the Water
e flow of water through the cana|

(b) Perennial Canal The canal

I which can supply water 1o the agricultural
land throughout the year isknown ; 5

' ) Wn as perennial canal. This type of canal is taken
rom the up slrc.am S.IdC of the diversion head works (weir or barrage) or from the
storage reservoir with regulator at the head of the canal.

ccording to the dischar,
(2) Main canal (b) B

3. Based on Discharge A
< designated as
channel.

(a) Main Canqy The laj
head work or e

canals is known

field from the maj
sl N canal. The water i
canal, dxslnbulory channe] ap, fi 318 taken to

of the cana] System (Fig_ 5] ! :
(b) Branch Canals Ty, anc] de of the m2
e b '

e : ranch canals gre taken from either side of ’

$ 50 that the wh«
network. The discharge Capac holé commang arey can be covered by tht
main canal. The djsq

ity of the branch cana] :
i al hat of the
harge varies from 515 19 Cumec ;;is;;":)r v

i

e

JOk Bt T —

o T Veoedty

. (c) Distributory Channels The digit,

Lo
Uiligy

r
IsuChu ;

8e capacity, the canals are i
ranch canal (c) Distributory channel (d)Fiei.

'al which is taken directly from the diversion '

f“’:; :“l‘;zgcea::lcr’r\"?lr‘lo.sugply Water to the network of other small
- “helrigation water is ot directly suppliedtothe

the field through the branch

) the main canal is the backbone |

\
A

Flow Irigation 109

utory channels are taken from the
sectors. The discharge capacity of
Again, these are designated as major
ng to their function in the total net-

pranch canals to supply water o different
thesc channels varies from 0.25 1o 3 cumec.
distributory and minor distributory accord;
work (Fig. 5.1).

)Dlstnbutory

™ channel

Field
channel

Branch canal

—_—
Main canal
Diversion

head work

{

River
Fig.5.1 Canal system

(d) Field Channels These channels are taken from the outlets of the

distributory channels by the cultivators to supply water to their own lands. These
channels are maintained by the cultivators (Fig.5.1).

/,Bé;ed on Alignment  Depending upon the alignment, the canals are desig-

nated as (a) Ridge or watershed canal (b) Contour canal, (c) Side slope canal.

(a) Ridge or Watershed Canal The canal which is aligned along the ridge
line (watershed line) is known as ridge canal or watershed canal. The advantage
of this type of canal is that it can irrigate the areas on both sides. Again there is

no possibility of crossing any natural drainage and hence no cross-drainage work
is necessary (Fig. 5.2).

(b) Contour Canal The canal which is aligned approximately parallel to the
contour lines is known as contour canal. This canal can irrigate the areas on one

side only. This canal may cross natural drainage and hence cross-drainage works
are necessary (Fig. 5.3).

198 Contous cana!

200

Fig. 5.2 Ridge canal Fig. 5.3 Contour canal
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(c) Side Slope Canal The c;n;:
which is aligned approximallcly at ngals
angles to the contour Iinc‘s is knowneas
side slope canal. It can irrigate the ar :
on one side only. Again, it does not cross
any natural drainage and hence the cross-

I’y

—

drainage works are not necessary 55,§0
(Fig. 5.4). 510
Sice slope canal 5%85
| 5.3 SELECTION OF BARRAGE River — Damsite
| OR DAM SITE Fig. 5.4 Side slope cang) Fig. 5.6 Dam site
|
| 1. Selection of Barrage Site  While 5.4 SELECTION OF ALIGNMENT OF PERENNIAL CANAL
! ‘- fixing the site for a barrage, the following The following points should be kept in mind while marking the tentative align-
! points should be considered, ment of a car?al.
; (a) The site should not be on the 1. The alignment should not pass through the valuable lands, religious places, i
curvature of the river. villages, etc. to avoid unnecessary compensation and unwanted conflict.
‘ (b) The river should be straight at lcast 2. The alignment should be short as far as possible, but to make it short the
! for a distance of one kilometre both a]ignmc.nt should not be taken through the area where irrigation is not at
] on the up strcam and down stream all possible.
| sides (Fig. 5.5). 3. The ahgnmcpt should be straight as far as possible.
R (c) The river bank should be well 4. If the curve is unavoidable in the alignment, then it should be provided
! defined. according to IS: 5968-1970.
i (d) The width of the river should be Fig. 55 Boroge e Some references are given in the following table
: minimum. = Discharge (cumec) - Radius (m)
] (¢) The storage reservoir should not submerge much valuable lands, villagss. 80-100 - 1200-1500
| " ;};. 30-80 - 800-1000
it ;"S'I‘)':‘;;dl:;ef of the imigation project should be neare ot 15-30 - 400-600
i transmission loss, ength of main canal may be minimum to avoid 5-15 - 100-150
i (8) The elevation of the barrage sjte « - 5. The alignment should cross the natural stream, drainage, etc.
i so that the flow of water bifcgs;;s;:o,:lad t;f hlg}:I.Cr'lhan the commandig approxin%ately at right angles. At the crossing point, the width of the
| (h) Construction materials and labours sho)lljldcbac lf:\'ed_ ‘ drainage should be minimum and the banks should be well defined.
," ‘ 2. Selection of Dam Site Wi ) ¢ available near the site. 6. The alignment should not involve hcav.y cutting or ban'king. Itis preferable
} be taken into account, ile fixing the dam site, the certain points should if balancing depth of cutliqg and}banklng may be aph:;vcd.
‘ i (a) The site should be onth 7. The alignment along _th? ridge line or watershed lme.|s very good as the
minimum surface areq (CFYalley so that deep reservoir may be formed wilh watershed canal can irrigate the areas on both the sides. Morcover, the
: (b) The site should be such ullg' 5.6). cross-c#rainage works may be avoided. ' o
(¢) Stable foundation houls bal lhe.lenglh of dam may be minimum. 8. Tf_le all.gr}mcm should be such that the maximum area may be irrigated
(d) At the site, the THokE ]c available at the site. with minimum length of canal. - b land 1 ]
cause loss duc to leaks, ould not contain cracks, fissures, etc. which may 9. The alignment should not pass thmuéi 3 r‘:mrs y a_n[ orr \_Na:;r ogge
(¢) Construction materia) <. area, because the canal may collapse due to cavy moisture in the area.
$ and labourg should be avaj], the site- 10. The alignment should not pass through sandy soil as the percolation loss
i | Aysilable pear the o will be more and the duty of canal will be less.
\ L &

AVY  Aamvva e
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ES
5.7~ ADVANTAGES AND DISATIIJ(;/:‘\NTAG
27" OF INUNDATION IRRIGA

The following are the advantages ofinuzdation irrigation.
AdVanarlgef /stem, no hydraulic structurc 1S constructed.
; :: :h:f .;;.;lcm:“mé'ma?ﬁicﬁ‘a“ncc_gqst is low,
3. The walter carricd by the cana

fertility of the land.

4. The canals run in rainy scason ol

nly, and in other seasons the cz;nals re
practically dry. So, there is no po§§ripjlil~y_<~)‘f \ya(cr-loggmg.

Maip

Disadvantages The following are the disadvantagcs.of. lhi:.; system,
1. As there is no control over the flow of waler over irrigation may spoj| the
crops. .
- The supply of water is uncertain.
. The head of the canal m;y‘ge-d;magediil@g_ﬂood.
. In case the river changes its course, the whole system is to be abandoneg,
- Silting is the main problem which involves recuring cleaning expendityre-

O\M&_ﬁdi\)

5.8 COMPARISON BETWEEN INUNDATION AND
-~ PERENNIAL IRRIGATION

Inundation irrigation

Perennial irrigation

1. The irrigation water s
available in rainy
season only,

2. No hydraulic structure
is necessary.

L. The irrigation water is available
throughout the year. }

2. Hydraulic structures are necessary,
(such as diversion headhead works,
cross-drainage works, etc.).

- The canal water contain
Practically no silt and hence
chemical manyre is essential.

- Large area can be included
under this system.

5. Negligible silting takes

3. The canal water containg 3
Plenty of silt which
makes the land fertile.
4. Large area cannot be 4
i included under this system,
5. The silting of (he canal
bed is a major problem.

lace ;
_t;o. ]\\/'aFerlax cannot be impogeq. 6. &/ﬁce inthe cana]‘bed_
8' ntial cost js Joy,, aler tax can pe imposed,

7. Initia] Cost is high,

cchnica] Persons are always
Tequired for (he operation
Ofthe irrigation system.
¢ Main cang jg provided with
head Tegulator and hepce there is
no Possibility of gyer irrigation.

- No lgchnical Persons are
Tequired for e Operation
of the irigation System

€ main cana) ;
with regulator g,

3 nd hcnc
s apossibiligy ¢ there

of over iTigation,

| contains fine silt which improyeg e

Flow Irigation 115
5.9 SYSTEM OF BANDHARA IRRIGATION

This is a minor irrigalion. system suitable for irmigating isolated areas, up to 500
pectares. The bandhara is similar (o wejr which is constructed across a small
“stream to raisc the water level on the up stream side to divert the water through

The height of the bandhara depends on (he water level to be raised on the up
stream side [Fig. 5.12 (b)].

River
or
e Head regulator
l Canal st
= — =E=F == é Banchara
L , uss ! / Scouring
T | Scouring —H \/ sluce
sluice 4
Bandhara N DIS
(a) (b)

Fig. 5.12 Bandhara irrigation

Itis constructed with brick masonry or stone masonry with R.C.C. crest. The
crest width varies from T m (0 2 m. The scouring sluices are provided at the
bottom of the bandhara riear the head reach of the canal. The function of scouring
sluices is to remove the silt which may
getdeposited in front of the canal head.
Normally, the sluices are kept closed
and these are opened when the depos-
ited silt is to be removed. The surplus
water is allowed to pass over the crest
of the bandhara.

In this system, the water is directly
taken from the main canal and supplied
to the agricultural land. The total area
under a bandhara is known as Thal.
Again, the Thal is divided into several
Zones which are known an Phad.
That’s why, sometimes this system is
known as  *Phad irrigation system.’
(Fig. 5.13).

This system is suitable for small
Streams.  Sometimes, more than one
bandhara may be constructed on the
Same stream at a reasonable interval to

B = Bandhara
P=Phad
1. C. = Imgation canal

Fig. 5.13 Tha!and phad

T ey
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7.3 CEMENT CONCRETE LINING

This himng is recommended for the canal in full banking. The cement concrete
lining (castin-situ) is widely accepted as the best impervious lining. It can resist
the effect of scouring and erosion very cfficiently. The velocity of flow may be

kept above 2.5 m/sec. It can eliminate completely growth of weeds. The lining is
done by the following steps,

(a) Preparation of sub-grade The sub-grade is prepared by ramming the

surface properly with a layer of sand (about 15 cm). Then, a slurry of cement and
sand (1:3) is spread uniformly over the prepared bed.

(b) Laying of concrete The cément concrete of grade M5 is spread uni-
formly according to the desired thickness (generally, the thickness varies from -
100 mm to 150 mm). After laying, the concrete is tapped gently until the slarry
comes on the top. The curing is done for two weeks. As the concrete is liable to
get damaged by the change of temperature, the expansion joints are provided at
appropriate places. Normally no re-inforcement is required for this cement con-

crete. But in special cases, a network of 6 mm diameter rods may be provided
with spacing 10 cm centre to centre (Fig. 7.1).
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Cement concrete (M
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1s

Expansion

Sub-grade FIg. 7.3 Cement mortar lining
{— Bitumen filling
TR R ¥ ! 7.6~ LIME CONCRETE LINING
b i G 1 i i 7 o ) .
%‘ - I"i s 3 i When hydraulic lime, surki and brick ballast are available in plenty along the
L. Expansion '1 course of the canal orin the chinity of the irrigation project, then the lining of the
joint ! canal may be made by the lime concrete of proportion 1:1:6. The procedure of
i ing this concrete is same as that of (he cement concrete lining. Here, the thick-
ini i laying t ! e lining. ,
AgT Comenticoncrels i : ness of concrete varies from 150 mm to 225 mm and the curing should be done
i for longer period. This lining is less durable than the cement concrete lining.
7,.4' PRE-CAST CONCRETE LNING i However, itis reccommended because of the availability of the materials and also
“This lining is recommended for the canal in full banking, It consists of precag | because of the economics.

concrete slabs of size 60 cm x 60 cm X 5 cm which are sct along the cang -
and bed with cement mortar (1:6). A network of 6 mm diameter rod is pm\vl;;:: i ]{7 BRICK LINING
in the slab with spacing 10 cm centre of centre. The propo
recommended as | :2:4. Rebates are prov
that proper joints may be obtained when t
are finished with cement mortar (1:3). Ex

rtion of the concrete i
ided on all the four sides of the slab s
hey are placed side by side. The joints

This lining is prepared by the double layer brick flat soling laid with cement
' mortar (1:6) over the compacted sub-grade. The first class bricks should be rec-
ommended for the work. The surface of

i Double layer
pansion joints are provided atasuitable the lining is finished with cement plas- brick lining
interval. The slabs are set in the following sequence, ; ter (1:3) (Fig. 7.4). The curing should Surface finish
(a) The sub-grade is prepared by properly ramming the soil with a layer of | be done perfectly.
sand. The bed is levelled so that the slabs can be placed easily. 1 This lining is always preferred for
(b) The slabs are stacked as per { the following reasons,
estimate along the course of the Precastslab ~ ~Cement (a) This lining is economical.

canal. The slabs are placed with
cement mortar (1 : 6) by setting
the rebates properly. The joints

(b) Work can be done very quickly,
(c) Expansion joints are not

required.
are finished with cement mortar (d) Repair works can be done fig. 7.4 Brick lining
(1:3). sl the site
(€) The curing is done for a week (e) Bricks can be manufactured f;om (lhc e:cavatcd earth near the site.
Fig.7.2). -~ i is lining has certain disadvantages,
. e : Flg. 72 Precast concrete g H(():;e:firsl?x:astlclzmﬁletelyimpervious. .
}5 CEMENT MORTAR LINING : (b) It has low resistance against erosion.

: ining i . (c) Itis not so much durable.
This type of lining is recommended for the cana] fully in cutting where hard soil

or clayey soil is available. The thickness of the cement mortar (1:4) is generally 7.8 BOULDER LINING
2.5 cm. The sub-grade s prepared by i 1

In hilly areas where the boulders are available in plenty, this type of lining is

curing sho 1 bC g "Ilan']0|ls b t d“nb c. generall recommcnded The bou ders are laid in smgle or double layCl main-
The ]lll|n 1s ! d

ne , but 1s no Y .
= 1d do P"\‘Pﬂ]v (Flg 73)

s
|
|
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taining the slope of the banks and the Boulder lining

Y n C wi Finj

b Th i h th cement is]
ed le clof the canal. Cj()l tsoft 1 who . heq
boulders arc gr()ulcd with cement mor- grouting ™\ Urface

s CM, (3,
tar (1:6). The surface is ﬁnishcd wnb o

cement mortar f1:3) Curinvg |§ qccc§-
sary in this lining t00. ThIS lining 15
very durable and impervious. Bul the
transporting cost of the material is very
high. So. it canuot be recommended for

Fig. 7.5 Boulder lining
all cases (Fig. 7.5). \

7.9° SHOT CRETE LINING
rd

In this system, the cement mortar (1 4)is direcll){ applied on the 5“b‘8l'adcbm '
cquipment known as cement gun. The mortar is termed as shot crete and g,
lining is known as shot crete lining. The process is al;o known as guniling,asI
gun is used for laying the mortar. Sometimes, this lining is known as Lunieg
lining. The lining is done in two ways,

_(a) By Dry Mix In this method, 2 mixture of cement and inoist sand s e
pared and loaded in the cement gun. Then it is forced through the nozzle of s,
gun with the help of compressed air. The mortar sprcads over the sub-grade o,

thickness which varies from 2.5cmto 5 cm.

(b) By Wet Mix In this process, the mixture of cement, sand and water i

prepared according to the approved consistency. The mixture is loaded in the gun
and forced on the sub-grade.

This type of lining is very costly and it is not durable. It is suitable for resur- |

facing the old cement concrete lining.

}lO ASPHALT LINING

This lining is prepared by spraying asphalt (i.e. bitumen) at a very high tempen-

tl:u'c (about 150°C) on the subgrade to a thickness varies from 3 mm to 6 mm. The
otdaspha!( when becoxpcs cold forms a water proof membrane over the sub-
grade. This membrane is covered with a layer of earth and gravel. The liningis

very cheap and can control the see i i
page of water v / anndt
control the growth of weeds. ¢ T Sy b e

_A.11 BENTONITE AND CLAY LINING

In this lini i .

sticky r::;;g _f;hr;\slxmrc of bentonite and clay are mixed thoroughly to form

membrance .which :Tslisfj' Is('spr?ad over the sub-grade to form an impervious
€ctive in con i o

control the growth of weeds. trolling the seepage of water, but it cann®

channels. This lining is generally recommended for small

. ¥ AAMMA"/Q

Cana! Lining 133

7,12~ SOIL-CEMENT LINING
ﬂing is prepared with a mixture of soil and cement. The usual quantity of

cement is 10 per cent of ?hc weight of dry soil. The soil and cement are thor-
oughly mixed to get an uniform texture. The mixture is laid on the sub-grade and
it is made thoroughly compact. The lining is efficient to control the seepage of

water. but it cannot control the growth of weeds. So, this is recommended for
smalt channels only.

CANAL LINING

Advantages
1. Ttreduces the loss of water due to seepage and hence the duty is enhanced.

2. It controls the water logging and hence the bad effects of water-logging
are eliminated.

}] 3/"ADVANTAGES AND DISADVANTAGES OF

. Itprovides smooth surface and hence the velocity of flow can be increased.

. Due to the increased velocity the discharge capacity of a canal is also
increased.

. Due to the increased velocity, the evaporation loss also be reduced.

. Iteliminates the effect of scouring in the canal bed.

. The increased velocity eliminates the possibility of silting in the canal bed.

. It controls the growth of weeds along the canal sides and bed.

. It provides the stable section of the canal.

. Tt reduces the requirement of land width for the canal, because smaller
section of the canal can produce greater discharge.

11. It prevents the sub-soil salt to come in contact with the canal water.

12. Ttreduces the maintenance cost for the canals.

Disadvantages

< oW W

—
O O ®

1. The initial cost of the canal lining is very high. So, it makes the project
very expensive with respect to the output.

2. Itinvolves much difficulties for repairing the demaged section of lining.

3. Ittakes too much time to complete the project work.

4. Ttbecomes difficult, if the outlets are required to be shifted or new outlets
are required to be provided, because the dismantling of the lined section is
difficult.

7.14 SELECTION OF TYPE OF LINING
The selection of particular type of lining depends on the following factors,

(1) Imperviousness When the canal passes through the sandy soil, the seep-
age loss is maximum and the canal is unstable. So, to make the canal perfectly
impervious and reasonably stable, the most impervious types of linings should be
recommended such as cement concrete lining, pre-cast concrete lining, boulder
lining, etc.

,va_.
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