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ABSTRACT

Irrigation canals should be aligned and laid out, that the velocity flow is uniform under all cotiolns, and the water
reaches the irrigated area at an elevation suffiti® ensure desired distribution. Generally, twpes of channel sections
are adopted, triangular channel section for smaltischarges and trapezoids channel section for dardischarge.
Selection of a particular type of lining, keeping ¢onsideration the general requirements, as wsllséte specific
requirements including structural stability, econgnavailability of construction materials, machigeand equipment,
skilled and unskilled labor, subsequent reparapilability to prevent weed growth, resistance agaburrowing animals,
structural stability during and after constructiomhe existing irrigation canals in west Ben- galbarery little scope for
redesigning. These canals have some amount of gedpas. Based on soil type and soil charactegstt various
locations, the districts of irrigation projects habeen classified in four zones. The selectiotrefchies for lining should
be judicious and based on appropriate and adequatdication. The water resources department ats@dBhubaneswar
recommends the guidelines for lining of irrigaticanals in accordance with 1S 10430:2000. It alscormends expansive
soil criteria for fixing maximum thickness of ColvesNon-swelling Soils (CNS) layer. The U.S. Deparit of interior
Bureau of reclamation, a technical memorandum Gfeaech, prioritizes of enhancement of canal infuastures
sustainability. The canals infrastructures drafatbmap laid down by them, provides the compreherdg@scription of
research need, including the adverse outcome ctiyreised in irrigation practices. The Amendment hdugust 2005 to
IS 10430:2000, amendment no. 1 September

2000 to IS 3873:1993 and amendment no. 1 Septe2®erIS 9451:1994, Recommends guidelines for smbect
of type of lining, laying of cement concrete stosled lining on canals and guidelines for lining ag#nals in expansive
soil. This study reviews prevailing guidelinesctiiles, design manuals and recommends selectioreggdor appropriate

canal Lining.
KEYWORDS:Stability, Hydraulic Efficiency, Canal Lining, Sd&kosion, Expansive Soil, Shrinkage

INTRODUCTION

Irrigation canals should be aligned and laid oattteat the velocity flow is uniform under all cotidins, and so that the
water reaches the irrigated area at an elevatifiitisnt to ensure even and distribution. High \@lies of flow can be
permitted by taking the advantage of hard-wearindase, so as to ensure a hydraulically efficidmrmel. Very high

flow velocities, even if not damaging to lining,tllo entail extra expenditure at turnouts, and ireguigher walls to take
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care of pulsations and wave action. While alignihg channel, sharp curves should also be avoidethey not only
reduce the velocity of flow, but also require highalls on the outside to retain the water as itnds the curve.
Generally, two types of channel sections are adiptéangular channel section for smaller dischargad trapezoids

channel section for larger discharge.

Selection of a particular type of lining is donensimlering the general requirements, as well as sg#ific
requirements including structural stability, ecorypravailability of construction materials, machipeequipment, skilled
and unskilled labor, subsequent repairability, igbito prevent weed growth, resistance againstdwirrg animals,
structural stability during and after constructiphlThe design and construction manual for liningirrigation canals in
the state of West Bengal recommends for generbtbaracteristics encountered in various zonesdistdcts, especially
permeability of sub-grade soil, position of groumgter table, Availability of construction materiaésxd common
difficulties faced during construction. The economydesign, without sacrificing stability and duildp loser during and
post construction. [2], [1] Government of Odishad dbepartment of Water Resources, Bhubaneshwar aeggrthe
guidelines for lining of irrigation canals. The watost through seepage in an unlined canal cesabed by construction
of appropriate canal lining. The rigid lining, serid lining, flexible lining and combination ling. The materials used
for lining are in-situ cement concrete and cembnash concrete and reinforced cement concreteapteement concrete,
and tile and cement concrete slab and cement fiycaacrete tile and fly ash brick or tile liningekible lining includes
Geo-membrane, like high density polyethylene (HDRi®Jyvinylchloride(PVC) and low density polyethyke (LDPE).
Combination lining includes Membrane in the bed bridk and tile or concrete line on sides, selertime type of lining.
[3], [2] The U. S. Department of interior Bureauretlamation a technical memorandum of researdripes of enhances
canal infrastructures sustainability. The canafsstructures draft road map which provides the p@ssive description
of research need, including the adverse outcomemily used irrigation practices. [4]The lining iofigation canals and
economics of lining a text book recommends anneaklits and annual cost with benefit cost ratiorsiioe greater than
unity. Also, guidelines for the type of lining tleeconstruction, uses ling of canals in expansize and safety ladders in
lined canals. [5] Canal lining by Charles Burt a@dl Poly ITRC recommends stabilization of canal kyaeduced
maintenance, reduced seepage, renovation of olmlscavith irregular earth cross section and weed s&me of essential

and excellent canals lining for economy materi@k.
MATERIALS AND METHODS

The design manual for irrigation canal lining in $¥Y8engal illustrates that, there is little scopeenlesigning the existing
canals with some amount of seepage loss. The ygml &nd soil characteristics at various locatiohshe districts of
irrigation projects have been classified in Zon&dne I, Zone IV and Zone V off our zones. Theestbn of stretches for
lining should be judicious and based on adequaififation. Approach methodology for preparatidritee Manual are
based on the discharge capacity of the canals; r@leseil characteristics encountered in variousesoand districts,
especially permeability of sub grade soil; positafrground water table; Availability of construatianaterials; Common
difficulties faced during construction and economydesign, without sacrificing stability and durétlyi both during

construction and post construction. Guidelinesdiooosing the thickness of CNS materials requiradbflancing the

different swelling pressures is given in Table lel8lopes are recommended in accordance with 1&3@:Q000.
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However, optimum thickness of CNS materials needset determined for different swelling pressuresabtyal
ex-these canals are prominent, and they are ubalsi@rry the design discharge. Renovation, re-aeicty & reduction in
seepage loss are essential for smooth functioninthese canals. The lined canals and existing samaly also be
considered to be converted to lined canals in duese in a phased manner for prevention of seelpageand for optimal
and judicious use of water, as the guidelines f&iA30:2000 also recommends expansive soil criferiafixing

maximum Cohesive Non-swelling Soils (CNS) layer.

The lining is an impermeable layer provided for tied and sides of canal to improve the life andldisge
capacity of canal like Rigid Lining, Semi-Rigid limy, Flexible Lining and Combination Lining. Thenilng work in
existing earthen canals may be done in such a katythie canal hydraulic particulars such as Fulpsulevel (FSL) and
Full supply design discharge will remain unalterafter lining. After lining of earthen canal, Mangia Rugosity

Coefficient (n) will be reduced and there will beiease in the velocity.

Cement Concrete lining (Is 3873:1993)Preparation compaction of sub grade for conciieted, Thickness of

in-situ concrete lining, grade and mixing, plac&dning section

Parameter for Design of Lined Canals (Is 10430:20Q0Inner side slopes, outer side slopes, free boaamb
coping, cross sections and velocity, under drainpggssure relief arrangements, longitudinal dranasisverse drains, and

pressure relief valves.

Lining of Canal in Expansive Soil: Expansive soils are soils that expand when watadded, and shrink when
they dry out. The Cohesive Non-swelling Soils (CM®terial should be non-swelling with a maximum King pressure
of 10 KN/m2.

Criteria for Fixing Minimum Thickness of CNS Layer

C.C.LINING

CNSLAYER

Figure 1: Section in Full Cutting.

Table 1: Thickness of CNS Layer, for Canal Carrying CapacityLess Than 2.0 Cumec

Discharge in| Thickness of CNS Layer in mm (Min) | Swelling Pressure more than 150
Cumec Swelling Pressure 50 to 150 KN/ KN/m?

1.40to0 2.00 600 750

0.70t0 1.40 500 600

0.30t0 0.70 400 500

0.03 to 0.30 300 400
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Table 2: Thickness of CNS Layer, for Canal Carrying Capacity2.0 Cumec and More

Swelling Pressure of Soilkn/M Thickness of CNS Layer in Mm (Min)
50 to 150 750
150 to 300 850
300 to 500 1000
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Figure 2: Section in Full Embankment

Table 3: The Size, Thickness and Typing of Lining for All Zmes and All Categories of Sub
Grade and Soil Condition Recommends

0-5 65 65

5-50 75 75
50-250 90 90 (in Slope Only)
250-500 125 -

Table 4: Thickness of In-Situ Concrete Lining (Is: 3873-1998

Capacity of Canal (Cumecs)| Depth of Water (m) | Thickness of Lining (mm)
0-5 0-1 50-60
5-50 1-2.5 60-75
50-200 2.5-4.5 75-100
200-300 4.5-6.5 90-100
300-700 6.5-9.0 120-150

DESCRIPTION ALLOWABLE LIMIT

Tolerance in Concrete Thickness, Alignment, Gradel§: 3873-1993)

Departure from established alignment Departure festablished grade Variation in concrete, linirigkhess

20mm on straight reaches 50 mm on partial curvaarergents 20 mm on small canals10 mm providedagee
thick- ness is not less than specified thickness

The under-drainage arrangements and joints indin®ther important work includes anti-salt treatimenring,
quality control, tests for lining. The rehabilitati remodeling of structures. The preparation obiDétroject Report (DPR)
includes Specification of Materials, SpecificatiohWorks, Quality Control and Assurance hence, éhgsidelines and

provisions are specified in the technical spediiica

The U. S. Department of interior Bureau of recldaorata technical memorandum of research priorities o
enhances canal infrastructures sustainability. ddmals infrastructures draft road map which prowittee compressive
description of research need, including the adveuseome currently
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THE FINANCIAL JUSTIFICATION AND ECONOMICS OF CANAL  LINING:

Annual Benefits and Annual Costs Irrigation watesdld to the cultivators at a rate. Let this tseaupees Roer cumecs.
If m cumecs of water is saved by lining the caaahually, then the money saves by lining =;miRees. Lining will also
reduce maintenance cost. The average cost of anpuaep of unlined channel can be worked out fpo@vious records,
Let it beRs.RIf p is the percentage fraction of the saving aadikin maintenance cost by lining the canal, tHen t

amount saved=pRupees.
The total-annual benefits = mRpR,,
The Annual Cost Is:

If the capital expenditure required on lining isrGpees, and the lining has a life of spyears, then the annual

C
1
depreciation charges will be- rupees. If r percent is the rate of annual simpierést, then a locked up capital of C rupees
v

would earn, annuall,qg—ol rupees as interest charges, and since the capltad of the asset decreases from C to zefo in
years, the total annual costs of lining used itiiggapractices. The effective canal detection méshor technologies for
use by engineers or field staff to more clearlyirdeteepage paths, underwater canal lining repaienals and methods
for cracked, buckled, or bulged linings (Under wateack sealants, grouts, etc.), Under water caaakl placement
material or method, Tools to control or preveniaadiburrowing in canals, Effective methods for riep&animal burrows

in canals

Tools to control or prevent woody vegetation inaanTools to control or prevent water-borne vetigtain
canals (Algae blooms, water, grass, etc.), Mettamismaterials for under- water placement of canaids. The manual
recommends priorities draft research road map saindlastructures like canal sub grade, canal dinisiphons, gates

turnouts, with outcome, process, cause, gap asaysl research needs.

A text book of lining of irrigation canals and ecwmnics of lining includes advantages of lining likeepage
control of water logging, increase in channel citgamcrease in commanded area, reduction in reaarice cost such as

removal of silt, periodical plugging of holes bumned by rats, insects, removal of weeds and elingnadf flood dangers.
For project justification, benefit cost ratio mibst greater than unity.

The canal lining by Charles Burt and Cal Poly ITB@es the answer the typical justification stalasition of
canal bank, reduced maintenance, and reduces seeépatpan and smooth concrete cross section cssmaigher flow
rate than an irregular earth cross section withdse&herefore, there is a natural tendency to usevalined canal of a
smaller cross section than the unlined canal itacegs. Hence, a small amount of lining costs Ibas & large amount of

unlined canals.

The objective is simply seepage reduction and tik ae medium textured, you might consider vibrato
compaction of the canal bank and sides, the extedl@l compaction and bed preparation for anydricanal lining such
as concrete, masonry, lining projects have failecalise of lack of attention to this simple defilile cost money to over
excavate and properly prepare the soil, but it sameney in the long term. The cross section oftsstit lining braking
off and floating down stream and lodging againstides of geo- membrane cracking. Hence, the heifjtite lining and

tying into the soil specially with geo-membrane® aery important.
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Table 5: Canal Discharges Less Than 2 Cumecs

Discharae in Cumecs Thickness of CNS La_yer in cm (Minimum) Swell Pressure More
9 Swell Pressure in 50-150 KN/rh Than 150 KN/m?
1.4-2.0 50.0 75.0
0.7-1.4 50.0 60.0
0.3-0.7.0 40.0 50.0
0.03-0.30 30.0 40.0
Table 6: Canal Discharge More Than 2 Cumecs.
Swell Pressure in KN/né | Thickness of CNS Layer in cm (Minimum)
50-150 75.0
150-300 85.0
300-500 100.0

THE IS CODE RECOMMENDATIONS

1S10430:2000,criteria for design of lined canald guidance selection of type of lining recommengsction of lining,

requirements of lining, different types of lininggth typical cross section of lined canals.
Typical Cross-Section of Lined Canal (Figure 3 &iglre 4)

ECONOMICS OF CANAL LINING
The Purpose of Analysis for Determining the MaximumRate

L = Length of the canal in meters.
y = Life of the canal in years.
M = Annual saving in rupees in operation and maiatee due to lining.

B = Annual estimated value in rupees of other hierfief the length of canal under consideration. Sehavill

include prevention of water logging, reduced cdstrainage for adjoining lands, reduced risk ofdmtang, etc.

= Percent rate of interest per year.

NAAS Rating: 3.10 — Articles can be sentdditor@impactjournals.us




| Lining of Irrigation Canals and Economics of Liningthe Review and Selection of Lining ah

a = Total annual benefits resulting from the lingfgcanals.
The annual value of water lost by seepage fronutti@ed section =p Lsd W rupees.
The annual saving by lining in value of water othise lost by seepage if unlined

= (PLSDW-PI.SDW)RS.

= {LdW (ps-PS)}Rs.

Total annual benefits resulting from the liningcahals,
a={LDW (PS-PS) + B + MJRS.

Additional capital expenditure on constructioniod canal

= Rs. TLC C ' If the prevalent rate of interesiXisthe net present worth(NPW)of the total annualdiits a, over

the life of the canal (Y years)is determined frdma following formula:

(1+X)_1

NPW _ am
of expenditure on lining that is economically jistble, the following notations should apply:
C: Cost of lining in rupees per square metre indgdhe additional cost of dressing the banksifong.

C ’: Saving in the land, earthwork and structutasdges, cross drainage works, etc.) due to redseetion on

account of lining, in rupees.

s and S:Seepage losses in unlined and lined casgéctively in cubic meters per square meter ofedeturface

per day.
P and P: Wetted perimeter in meters of unlinedlaed sections respectively
T = Total perimeter of lining in meters.
D = Number of running days of the canal per year.
W = Value of water saved in rupees per cum.

For the lining to be economically feasible the &éiddal initial cost of the lined canal should beualjto or less
than Net Present Worth of savings. NPW may be aqpadely estimated on the basis of experience onilai existing

projects.

Amendment No.1 September 2000 to 1S3873:1993 lagihgement concrete lining on canals recommends
preparation of sub grade, the concrete used frgishould be design mix concrete of grade M10 @bMaying of in-situ
concrete lining which includes slump, thicknessxind, placing, finishing curing, surface drainageints, laying of

precast concrete tile sand stone slab lining, Betafety ladders.

Amendment No.1September 2000 to 1S9451:1994 ginés For lining of canals in expansive soils recoenchs
treatment for Cohesive Non-swelling Soils (CNS)tecia for fixing the thickness of CNS layer, canstion procedure

and under drainage arrangements and joints inglinin

| Impact Factor(JCC): 6.0897 — This article can be dowatted fromwww.impactjournals.us




| 42 Mrudula Kulkarni & Narsing Katke |

$5=15101

§=1IN20
LE s=2101

§Y s

- i
N

arie wiTTH—F i

i

LEFT

FULL SUPPLY LEVEL

s,

7
’O,

‘ LINING BED

COMPACTED EARTH

GL I ] |

$=1T101

All dimensions are in mm

Fig. 3: Trapezoidal cross section for all types of lined canal.

Figure 3: Trapzoidal Cross Section for All Types oLined Canal.
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CONCLUSIONS

The lining of canal is an important feature ofgedion projects as it improves the flow characesiand minimized the
loss of water due to seepage. Lining is an impebhedayer provided for the bed and sides of camatiprove the life and
discharge capacity of canal. 60 % to 80 % of whistrthrough seepage in unlined canal can be shyaanstruction of
appropriate canal lining. Rigid lining, semi-riglthing, flexible lining and combination lining ofetecting for the
engineer-in-charge should collect information ore thosition of water table, climatic conditions, iadaility of
construction materials type of sub grade, time dalee performance of lining in the existing carialshe adjoining areas.
The seepage loss, economy, structural stabilitgngth and durability, reparability and ease maiaitee, resistance to

erosion, maximum hydraulic efficiency are requitede consideration.

The canal lining material and concussion the gembrane and combination of lining geo-membrane and
concrete lining on sides it costs money to oveagate and property prepare the soil, but it savesey in the long term
and gives both physical durability and seepagecateds, consider combinations of a geo-membrane redveiith and
material. Hence, this recommendation must be agpitbat lining in irrigation canals. The type afilig selected should

not only be economic in its initial cost, but aleagepair and maintenance cost.
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The canal lining works needs underwater canal dim@pair materials for cracked, buckled or bulgeéhgs,

under water cracks, sealants and grouts for bestreation practices course for the different repai

The study recommends thickness of in-situ condmeiteg from Government of West Bengal manual is sader

side. Hence, the Water Resources, Odisha whicassdon

IS 10430:2000 applicable throughout India? Therlgyf cement concrete and stone slab lining onlsarseful
from IS 3873:1993.The thickness recommends for SiwkeNon- swelling Soils(CNS)layer as per guidedifieom West
Bengal and Odisha manuals, India. Moreover, thalcimng economics method from text book for ligiof irrigation
canals useful for lining the existing canals whas1S10430:2000,the canal lining economics methaafull for new

irrigation projects and existing canal linings.
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