










































requirements and availability of equipment. When required in small 
quantities, slabs may be cast individually in steel or timber moulds. With 
well graded aggregates, I :3 :6 concrete with enough slump convenient for 
hand moulding is used . The slabs are cured as usual for 24 hours in air 
and thereafter under water. In smaller projects where slabs are cast 
individually in steel or timber moulds and compacted on vibrating table, 
the quantity of water is sometimes required to be increased for achieving 
better workability. 

When required in large quantItIes, the slabs are manufactured by 
machines wh ich are generally located at 12 to 16 km distance along the 
canal to reduce transportation costs. The machine made units are 
generally prepared with a water cement ratio of 0.6. Some manufacturers 
have, however, recommended reducing this ratioupto 004, but due to 
difficulty of handling very dry concrete, its strength is adversely affected 
(Ref. 21). 

3.3.2 Laying and Jointing of Precast Slabs 

For manual handling the slabs should be cast in 50 cm x 25 cm x 5.0 cm 
sizes, weighing about 16 kg each. They have a 10 mm wide and 16 mm 
thick rebate on all the four sides so that, when laid side by side, 20 mm 
wide and 32 mm deep open joints are formed . The open joints formed by 
the rebates are sealed with 1:3 cement mortar of dry consistency, properly 
packed to eliminate shrinkage. The details of slabs, their placement and 
joints are shown in Fig. I. The precast slabs are directly laid on 
compacted subgrade both in the bed and side slopes. When the canal 
passes through broken ground or the subgrade is weak, precast slabs may 
be reinforced with 16 mm mild steel bars for strength. It is however, 
always better to compact the subgrade properly and do without 
reinforcement, as these bars create difficulty in repair work. A spacing of 
3.5 to 5.0 m is recommended for siting expansion joints on sleepers. 
These are grouted with a suitable bituminous mastic. a mixture of 5 
percent crude oil (B.O.C. furnace oil) with 1:3 cement mortar would 
render it impervious and also reduce shrinkage. Precast siabs 1:3:6 
cement concrete in sizes varying from 60 cm x 37.5 cm to 60 x 60 cm 
were laid in Tungbhadra Project. Karad Canal in Gujarat has also been 
lined with 42 .7 cm x 30.5 cm x 3.8 cm precast blocks in 1:6 cement 
mortar. Precast concrete slab lining has also been provided in left bank 
canal, Kuttiady Irrigation Project in Kerala. 
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3.4 BruCK LINING AND CLAY TILE LINING 

Brick lining or burnt clay tile lining are economical and have been used 
extensively. Such linings are constructed where suitable soil for bricks is 
available and suitable aggregates for cement concrete lining are not 
available within reasonable distance. They can be constructed without 
expensive equipment. The advantages ofthis type of lining in comparison 
to those of concrete lining are not only equal impermeability but also 
lower maintenance cost and natural safe-guards against cracking. The 
individual tiles or bricks have an infinite number of joints in which hair 
cracks can appear without causing any significant damage to the work as 
a whole. To increase the impermeability and strength of the lining, two 
layers of bricks or tiles with a sandwiched layer of plaster are also 
provided, although their use is generally confined to sides from stability 
considerations. 

Brick or tile lining is laid manually. The subgrade should be properly 
dressed and moistened before laying the lower layer of bricks or ti les over 
13 mm thick mOltar. The lower layer of bricks or tiles should be 
thoroughly wetted with water before laying the plaster on it. The fine 
cracks which appear on the surface of plaster should be widened and 
repaired. After treating the cracks the plaster should be cured for a week. 
Tiles should be laid over another layer of 6 mm plaster. The composite 
lining is then cured for three to four weeks. 

This type of lining is most popular in India and has been provided on 
several canals, especially in North India. The details of the lining for 
Gandak Canal Project, Lower Ganga Canal, Rajasthan Feeder Channel , 
Banaskantha L.B. Main Canal, R.B . Mahi Canal have been included in 
the Appendix given at the end of the book. 

3.5 STONE MASONRY LINING 

Stone masonry lining may prove to be cheaper than cement concrete 
where stone obtained during excavation is readily available. Stone 
masonry lining has little flexural resistance or flexibility and slightest 
settlement of the subgrade may cause distress. Such lining is not 
satisfactory for canals in filling. The most common type of lining reported 
in Karnataka is the rough stone revetment but this does not help much in 
the reduction of seepage losses except that it provides additional stability 
to the sides of the channel. In Maharashtra two types of lining have been 
adopted, one is 38 cm thick uncoarsed rubble masonry for the sides and 
bed, and the other is 38 cm thick uncoarsed rubble masonry for the sides 
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Annexure - 3 

Table-C 

Estimation of annual cost of lining 
on existing canals and net annual saving 

Sf. Details of work Cost in Rs. 

No. 

I. Excavation, filling,compaction and trimming 

2. Lining 

3. Bridges, Cross drainage works etc. 

4. Incidental structures 

5. Total construction cost = (1)+(2)+(3)+(4)=(5) 

6. Life expectancy". years NIL 

7. Salvage value at the life expectancy 

8. Total depreciation during life = (5)-(7) = (8) 

9. Annual depreciation charges = (8) + (6)=(9) 

(5)+(7) 
IO. Annual interest charges= ----------- x interest rate = (10) 

2 

I J. Total annual cost = (9)+(10)=(11) 

Net annual savings 

12. Total annual benefit s= (20) of (Table D) = (12) 

13. Total annual cost = (11) = (13) 

14. Netannualsavings=(12)-(13) 
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Annexure - 4 

Table- D 

. Estimation of annual benefits from lined canals 

SL Details of works Cost in Rs. 

No. 

Land saved 

1. 	 Right of way, unlined canals in acres 

2. 	 Right of way, lined canals in acres 

3. 	 Right of way, saved (1)-(2) in acres = (3) 

4. 	 Reclaimed waterlogged land in acres 

5. 	 Total land saved in acres (3 )+(4)=(5) 

6. 	 Annual value of total land saved in acres 
at net crop value per acre 

Water saved 

7. 	 Flow when in use, in cusecs 

8. 	 Hours in use (in whole year=365x24) 

9. 	 Total flow per year=(7)x(8)x(0.0826)=(9) 
in acres ft. 

10. 	 Estimated loss from unlined canal 
[% of (9)] in acre ft. = (10) 

II. 	 Annual value of water saved in acre ft 
= [(10) x rate per acre ft] = (II) 

Savings in maintenance (include maintenance of necessary drainage facilities) 

12. 	 Annual maintenance cost of unlined canal 

13. 	 Annual maintenance cost of lined canal 

14. Annual savings in maintenance (12) - (13) = (14) 

Labour saved 

15. 	 Labour. Irrigation from unlined canal in man days 
per year (if any) 

16. 	 Labour. Irrigation from lined canal in man days 
per year (if any) 

17. 	 Annual savings in labour in man days per year= 
(15) - (16) = (\7) 
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SL Details of works Cost in Rs. 

No. 

18. 	 Total annual tangible benefits = (6)+( II )+( 14)+ 
(17) =(18) 

J9. 	 Estimated annual intangible benefits (Socio­
economic uplifts etc. including pride of the 
nation) 

20 . 	 Total annual benefits = (18) + (19) = (20) 
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2. SELECTION OF TYPE OF LINING AND 

GENERAL DESIGN CONSIDERATIONS 


2.0 GENERAL 

Once the purpose and necessity of lining a canal is decided, sincere 
efforts should be made to select a type of lining that fits best into the 
given conditions from technical and economic considerations. The 
various factors governing the selection of the type of lining are discussed 
below: 

a) Availability of Construction Material 

Generally, the most economical lining is the one which makes the 
best use of locally available materials. Though it is seldom 
possible. The extent of utilising off-site materials depends largely 
on transport facilities. If both cement and aggregates have to be 
transported from long distances to the job site, lining other than 
cement concrete may be considered. In sandy soils, soil-cement 
lining requiring only the procurement of cement may be a 
cheaper and suitable. 

b) Availability of Labour and Machinery 

Some lining are more suitable for manual labour and others, like 
cement-concrete, for machine installation. The choicd, therefore, 
is often governed by the relative availability of labour and 
machinery. Tile linings are examples of labour intensive types. 
Even compacted earth linings may be economically carried out 
by manual labour. The requirement of prompt and quick 
completion of the lining to obtain early benefits may require 
mechanisation. 

c) Durability and Repairability of Lining 

The canal lining should be able to withstand the effect of flowing 
water, rain, sunshine, thermal and moisture changes, chemical 
action etc. It should also be able to withstand the damaging effect 
caused by cattle movement, rodents and weed growth. 

The durability of lining depends on the type of lining, the quality 
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of construction and canal operation and maintenance. Properly 
constructed and maintained cement concrete linings may have a 
service life of at least 50 to 60 years. The life expectancy of thin 
exposed membrane may be shorter than 2 years" but sti II may be 
economically feasible as a temporary lining. 

Some times the canal transports considerable amount of sediment 
which can damage the lining by abrasion. The lining should, 
therefore, be able to withstand such abrasion. Also with the 
passage of time, the lining may get damaged, so it shall be such 
that it can be repaired easily and economically. 

Brick tile, boulder and precast slab linings are more easily 
replaceable than cast-in-place concrete lining. 

The benefit - cost calculations while making economic study of 
the lining, require the durability period of the linings, the latter 
should be determined carefully. Performance of lined canals of 
other projects may provide valuable data in this regard . 

d) Structural Stability 

The lining though supported by sub-grade, should be able to 
withstand the differential sub-soil pressure from behind the lining 
due to sub - grade material getting saturated through seepage or 
rain or due to sudden drawdown of the canal. The lining should 
be sufficiently heavy and strong to withstand the effect due to 
local cavity formation, if any, behind the lining, due to defective 
compaction of sub-grade or otherwise. 

To provide relief from differential pressures, adequate sub-soil 
drainage arrangements and pressure relief valves should be 
provided, wherever necessary. 

e) Hydraulic Efficiency 

The discharge carrying capacity of canal varies inversely with the 
value of rugosity coefficient. Each type of lining has a specific 
value of rugosity coefficient which may undergo change with the 
passage of time. It increases, with the lining undergoing 
deterioration, thereby increasing the roughness. 
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f) Watertightness 

The seepage losses from the canal depend on the nature of soi 1, 
depth of water in the canal and the relative position of sub-soil 
water table. 

If the water table is high, the aim should be to mitigate the 
seepage losses to the minimum possible value. In such areas a 
relatively watertight type of lining should be adopted. The most 
impermeable lining is a thin plastic, asphalt or rubber sheeting, 
placed under concrete lining. 

g) Type of Sub grade 

Conctete and some other rigid type lining when constructed on 
sub-grades containing swelling clays or gypsum are likely to get 
damaged, hence in such cases lining should be designed carefufiy 
after extensive investigations. For a hard surface lining it is often 
advantageous to remove the unsuitable soils, present in short 
reaches to be crossed, to a certain depth by over excavation and 
replace it with sand, CNS layer or some other locally available 
suitable material like muram etc. Also, a minor change in 
alignment in case of small canals may be made, so as to bypass 
the areas with unsuitable soils and may provide a more 
economical solution to the problem. 

If sufficient amounts of sand and gravel are available in the areas 
nearby, cement concrete or soil cement lining may be adopted. 
Similarly, if soils are fit for compaction, a compacted earth lining 
should be favoured. In case the available soils can neither be used 
as aggregate nor they are found suitable for compaction but may 
provide a good cover material, a membrane lining may be 
considered keeping in view their resistance to erosion, as detaiJed 
in IS:1498-1970. 

h) Operation and Maintenance 

If the operation of the canal requires frequent running and closing 
or large water level fluctuations, a hard surface lining will be 
prefered. In case of earth linings or earth covered membrane 
linings such conditions would speed up the deterioration process. 
As regards weed control, small repairs and silt removal etc., hard 
surface linings have greater advantages over the latter type of the 
linings. 
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i) Water Table 

If the water table is above the bed level of the canal, closing the 
canal will cause external hydrostatic pressure on the lining. So 
suitable drainage and pressure release facilities shall be provided 
as no lining can resist such pressures. 

j) Land Value 

In urban and some other areas where the land value is quite high 
lining with minimum value of rugosity coefficient should be 
preferred. 

2.1 PRECONSTRUCTION INVESTIGATIONS 

The parameters which are needed to be investigated for planning of a 
canal lining project in a certain area include type and permeability of the 
sub-grade in different reaches, water table conditions, quantitative 
assessment of seepage losses and area Iikely to be waterlogged . 

The soil investigations should include determination of type of soil by 
taking bore logs 30-50 metres deep (or upto impervious layer if 
encountered earlier) spaced at about a kilometre for larger canals. Where 
soil strata are variable, intermediate bore holes may be located to define 
the soil profile as best as possible. If the soil stratum continues to be 
pervious for large depth as indicated by a few deep borings, the stratum 
may be assumed as extending to infinity for seepage computations. Soil 
tests to be carried out on bore hole samples should in addition to usual 
classifications tests, also include tests for expansive nature of sub-grade 
material and chemical tests to guard against presence of any possible 
deleterious substances which may adversely affect the lining materials. 
Sulphates of sodium and magnesium are known to be the worst enemies 
of concrete and brick work. Suitable remedial measure should therefore 
be adopted in the reaches where total dissolved solids are more .than 0.25 
percent by weight. 

In order to determine the overall permeability of the strata below canal 
bed, pumpout tests should be conducted in representative strata. 

The likely seepage losses from an unlined canal depend upon the bed 
width, water depth, side slope of the canal, penneability of the sub-grade, 
distances of the governing drainages and depth of water-table below the 
canal water surface. The seepage losses from lined canal also depend 
upon the thickness andeffective permeability of the lining material. 
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In order to assess the likely seepage losses from the channel, 
cross-sections upto governing drainages on either side of channel should 
be taken at every kilometre. Starta charts of bore holes, water table 
position and water level in the drainage should be marked on the 
cross-section. The method of assessment of the likely seepage losses 
through unlined and lined canals are dealt with in chapter 12. 

The availability of material for canal lining such as aggregates and sand 
for cement concrete lining, soil suitable for brick tiles, bentonite, soil 
suitable for earth linings, etc., should also be investigated. 

2.2 TYPES OF LINING 

The various types of lining can be grouped into two categories: (i) 
Exposed and hard su'rface lining. (ii) Buried Membrane linings. The 
advantages and disadvantages of various types of linings which need be 
kept in view while deciding the type of lining to be adopted are indicated 
below. 

2.2.1 Exposed and Hard Surface Lining 

These linings are of the type placed directly upon the sub grade of the 
canal and are exposed to wear erosion and deterioration effect of the 
flowing water, operation and maintenance equipment and other hazards. 
Such linings are constructed of cement concrete, mortar, precast concrete 
slabs, bricks or tiles, stones, asphaltic concrete, soil-cement and earth etc. 

(a) Cement Concrete Lining 

The in-situ cement concrete lining is one of the most 
conventional type of lining which has successfully been used in 
India and other parts of the world. Cement concrete lining is 
more preferable than any other lining where channel is to carry 
high velocity water because of its greater resistance to erosion. 
Velocities upto 2 .5 mlsec are generally considered permissible 
with adequate water depth although higher velocities upto 5.0 
mlsec in case of Kosi Feeder Channel in V.P. have been 
provided. Cement concrete lining eliminates weed growth and 
thereby improves flow characteristics. Burrowing animals can 
not penetrate concrete. Provision of concrete lining reduces 
maintenance charges to a minimum. 
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A distinct disadvantage of concrete lining is its susceptibility to 
development of frequent cracks due to temperature effects as well 
as drying, shrinkage and settlement of sub-grade material, 
Panelling reduces these effects. It is also likely to be damaged 
from alkaline water. 

The reinforced cement concrete lining can withstand external 
water pressure but at a very high cost. Where unexpected water 
pressures are encountered, unreinforced lining will crack more 
easily than the reinforced lining and will relieve the pressure 
thereby reducing the area of damage. 

(b) Shotcrete Lining 

In this type of lining cement mortar is applied by pneumatic 
pressure. Shotcrete lining can be easily placed over rough 
sub-grade and is, therefore, better suited for Llse in existing cuts 
where finishing to exact shape and slope would be expensive. 
The lining may be constructed with or without reinforcement (in 
the form of mesh or expanded metal), reinforcement increases its 
useful life specially, when laid over earth sub-grade. 

Since the thickness of lining is limited to 5.0 cm mostly such 
linings are applied on smaller channels or where operational 
requirements are not severe. The lining is also likely to be 
damaged by external water pressure easily due to small thickness. 
It is very difficult to control the thickness of lining, which may 
leave areas where thickness is less than the minimum required, 
such patches constitute the areas of weakness where lining may 
give way. 

(c) Precast Concrete Lining 

Precast concrete slabltile has been used extensively for canal 
lining. The main advantage of precast concrete lining is that it is 
possible to exercise a close and continuous quality control over 
the selection, proportioning of concrete materials, mixing, 
compaction and curing operations. The precast slabs are more 
compact and impervious. The precast lining has smaller thickness 
and smoother surface than other type of linings. The facilities of 
construction and storage close to the site of works are additional 
advantages of precast concrete lining. The slabs are laid on 
compacted sub grade and joints have to be sealed to prevent 
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leakage. Proper back filling and careful tamping under and 
around each section is of utmost importance to prevent breakage 
from minor movements and uneven settlement of the sub grade. 
The joints are sealed with mortar or bituminous mastic. This type 
of lining provides slightly flexibility and it may adjust itself to 
minor movements of the subgrade. 

Lining of canals with precast slabs is labour intensive and is 
competitive with other types of lining only when cheap labour is 
available. 

(d) Brick (or Tile).Lining 

This type of lining has been used extensively on major canals in 
India such as Sarda Canal, Bhakra Canal, Rajashthan Canal and 
Parallel Upper Ganga Canal which is under construction at 
present. This type of lining is preferrea where suitable soil is 
available in the vicinity of the canal. 

The brick linings are not only equally impermeable as cement 
concrete linings, but have the additional advantage of low initial 
and maintenance cost, quicker construction and natural safe 
guard against cracking due to closely spaced joints. This type of 
lining is economical where aggregates for concrete lining are not 
available. It does not require skilled labour as needed for concrete 
lining. 

(e) Stone Lining 

Stone lining has been employed in areas where suitable materials, 
such as sand stone or basalt, are available in abundance. This 
type of lining is cheaper than concrete lining. The construction of 
stone lining is however, relatively slow but labour intensive. 

Since seepage losses are very high, stone Iining may prove 
advantageous only where erosion control is the main purpose for 
lining. Stone lining is not suitable for canals in filling. The 
slightest settlement of the sub-grade causes distress and lining 
fails. 

(f) Asphaltic Concrete Lining 

Asphalt mixed with sand and gravel, is used as a lining material. 
Aspbaltic concrete lining is cheaper than cement concrete lining. 
It has an edge over the cement concrete lining because of its 
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better adjustment to sub-grade changes and the possibility to use 
slightly poorer quality aggregate. 

The life of asphaltic concrete lining may range between 10 to 20 
years. Other disadvantages of asphaltic concrete lining are the 
permissible velocity limitation of 1.5 rn/sec, danger of weed 
growth, poor resistance to external hydrostatic pressure and 
danger of sliding during hot weather. 

(g) Soil-Cement Lining 

Soil cement lining as the name implies, is constructed with a 
mixture of pOit-land cement, natural soil and water all of which 
hardens to concrete like material. Soil-cement offers possibilities 
for use as a canal lining material in localities where the climate is 
mild and where the sub - grade soils or those adjacent to the canal 
are of a sandy nature and other suitable materials are not readily 
available. Laboratory tests indicate that for best results soils for 
this purpose shou ld be well graded with a maximum size of 20 
mm and containing between 10 & 35 percent fines, passing 
through Indian Standard Sieve No.8. 

The soil cement lining is not weather - resistant and its life is 
comparatively short and maintenance charges are relatively high. 
It does not permit velocities higher than those in an unlined canal 
but reduces seepage losses and prevents waterlogging. 

(h) Earth Lining 

The lining of an irrigation channel using natural or processed 
soils as lining material is termed as earth lining. Soils selected for 
lining purposes should be impermeable and non-erodible and 
should not crack or disintegrate under the weathering action. In 
this regard, gravel - sand - clay mixture is considered a suitable 
material for lining even large canal sections because such a 
material has low permeability, high stability and good resistance 
to erosion. The stability and impermeability ofthe available soils 
may be improved by mixing soils with bentonite, asphalt 
emulsions, resins, chemicals, cement, lime and petrochemicals 
etc. However, use of chemically stabilised soils for canal linings 
is still in an experimental stage. Secondly, the stabilization of 
soils may make the lining more expensive. 
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2.2.2 	 Buried Membrane Linings 

A buried membrane lining consists of a thin and impervious water barrier 
covered by a protective layer. Hot-applied or sprayed-in-place asphalts, 
prefabricated asphaltic materials, shotcrete, plastic films, synthetic 
rubber, etc. have been found effective when covered. The turbulent water, 
maintenance equipment and animals. Generally, earth and gravel are used 
as a covering material. However, in case of such linings, the permissible 
water velocity is low and the life of lining is uncertain. 

The commonly used buried membrane linings are; 

I. 	 Sprayed-in-place asphaltic membrane lining. 

2. 	 Ready made asphaltic membrane lining. 

3. 	 Plastic film and synthetic rubber membrane lining. 

4. 	 Bentonite and clay membrane lining. 

2.3 	 SELECTION OF TYPE AND EXTENT OF LINING UNDER 
BUDGETORY AND OTHER CONSTRAINTS 

As we have already discussed type of lining to be done in any canal 
project depends on many factors viz. availability of material, type of 
sub-grade, depth of water table in the area, availabi Iity of machinery and 
labour etc. Hence in case of budgetory and other constraints we may have 
to decide on the type and extent of lining, for which the following point 
should be considered. 

I. 	 Concrete lining has high initial cost, longer life and lesser 
operation and maintenance cost as compared to other types of 
lining. 

2. 	 Whether entire canal system be lined or a part can serve the 
purpose. 

Lining of the distribution system can save more water as percentage 
seepage losses are more in smaller channels, because, the perimeter of a 
smaller channel is more in proportion to the area of the channel and 
secondly, the smaller channel may be running intermittently. 

On the other hand, lining of the main canal only will be costly and saving 
in water may not be commensurate with it. It may, however, reduce the 
cost of the main canal. 
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Hence, for deciding the type and extent of lining it is recommended that­

1. 	 Techno - economic studies should be carried out for each case in 
detail. 

11. 	 System approach using aquifer modelling and optImIsation 
techniques may be adopted to study the complete water balance 
of the area, considering water availability demands, water table 
conditions, seepage losses from different parts of the canal 
system, pumping requirements etc. 

2.4 	 GENERAL GUIDELINES FOR SELECTION OF TYPE OF 
LINING 

The suitable types of linings adequate for different sizes of canals are 
given below for general guidance. 

, 

a. Channels with bed width upto 3.0 m. 

1. 	 Single burnt clay tile or brick lining where seepage 
considerations are important; 

2. 	 P.C.C. slab lining; and 

3. 	 Flexible membrane lining with adequate earth/tile cover; 

b. Channels with bed width 3.0 to 8.0 m. 

1. 	 Lining of single burnt clay tile; 

2. 	 P.c.c. slab lining; and 

3. 	 Combination lining (flexible membrane lining in the bed and 
rigid lining on the sides) This may be adopted where the 
channels have become stable and no danger of scour is 
expected; and 

c. Channels with bed width greater than 8.0 m. 

1. 	 Insitu cement concrete lining in bed and sides in accordance 
with IS: 3873-1978 ; 

2. 	 Insitu cement concrete lining in bed and P.C.C. slab lining on 
sides; and 
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3. 	 Burnt clay tile lining in accordance with IS : 3 872-1966 (double 
on sides and single on bed) where aggregates for manufacture of 
concrete are not available economically. 

Note: For lining of canals in expansive soils refer IS : 9451-1980. 

2.5 PART LINING 

Pali lining of the canal has also been suggested for reducing the cost of 
lining. Theoretical solutions for steady state seepage from unlined canals 
of various cross-sections and different types of boundaries are presented 
by various investigators, notably by Vedernikov [See Harr (I), Muskat (2) 
and Hammad (3)]. However, such detailed information for partially lined 
canals is not available. Analog studies of partially lined canals using 
resistance net work, analog have been reported by Bouwer (4). The study 
conducted at Indian Institute of Technology, Kanpur by Subramanya, K. 
et al (5) aims at obtaining solutions to problems of partially lined 
trapezoidal canals with only sides lined (Fig.la) and only bed lined (Fig. 
Ib). The results ofth;s study with deep water table for both the cases are 
given in Fig 2 & 3. 

These results indicate that when the sides ofthe canal are lined, the slope 
of the sides has negligible influence on seepage loss. As blh ratio 
increases, the seepage loss increases. In the case when canal bottom is 
lined and seepage occurs through sides only, Fig. 3 shows that the slope 
of the canal banks has considerable influence on the quantity of seepage. 
In this figure, q is the seepage loss from one side per unit length of the 
canal. Fig. 4 shows the variation of the percentage reduction of seepage 
due to lining of bed and side slopes with b/h for various side slopes m, (m 
= cot i37t). This indicates that for canal having side slope 2.5: 1 and blh = 

9.0, if the bed is lined, a 50% reduction in the quantity of seepage is 
expected and if the sides are only lined, a 25% reduction in the seepage 
quantity would be achieved. 

Experiments conducted at U.P. Irrigation Research Institute, Roorkee on 
electrical analogy model for shallow water~table condition indicate that 
even a very small open area results in seepage losses nearly equal to those 
taking place from unlined canal. Part lining of a canal with shallow 
water-table condition is, therefore, not considered economical from 
seepage considerations. 
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2.6 GENERAL DESIGN CONSIDERATIONS 

2.6.1 Design of canal section 

The discharge that can pass through a canal section is calculated by; 

Q=AxV Where, 

A = Area of cross-section in m 2, and 

v = Mean velocity in mlsec. 

Mean velocity for lined canal case is given by Manning's 

. . V 1/ R 2/3 S1 /2equatIOn I.e., = n 

where 

R = Hydraulic mean depth, 

S = Slope of canal, and 

n = Rugosity coefficient. 

From the Manning's equation, it is clear that the conveyance of canal 
increases as the hydraulic radius increases or as the wetted perimeter 
decreases. Thus from the view point of hydraulics, among all possible 
channel section, the best section is a semi circle since, for a given area, it 
has the the minimum wetted perimeter. Except for small channels, a 
trapezoidal section is preferable. Typical cross sections of the lined canals 
in cutting and filling are given in Fig. 5. Some typical cross-sections of 
lined canal in rock cutting are shown in Fig.6. 

2.6.2 . Coefficient of Roughness 

In a given channel, the rate of flow is inversely proportional to the 
roughness of the surface. The rugosity coefficient, n, usually 
recommended for use in Manning's formula for the design of several 
types of linings is given in Table-I. 
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Table-! 

Values of Rugosity Coefficient (n) for 

lined channels with straight alignment 

Sl. Surface characteristics Value ofn 
No. 

1. 	 Concrete with surface as indicated 
below: 

a. Fonned, no fmish/PCC tiles or 
slabs 

b. Trowel float finish 

c. Gunited fmish 

2. 	 Concrete bed trowel/float finish 
and slopes as indicated below: 

a. Hammer dressed stone masonary 

b. Coursed rubble masonary 

c. Random rubble masonary 

d. Masonary plastered 

e. pry boulder lining 

3. 	 Brick tile lining 

4. 	 Asphalt 

a. Smooth 

b. Rough 

0.018 - 0.020 

0.015 - 0.018 

0.018 - 0.022 

0.019 - 0.021 

O.oI 8 - 0.020 

0.020 - 0.025 

0.015 - 0.017 

0.02 - 0.03 

0.018 - 0.020 

0.013 - 0.015 

0.016 - 0.018 

Notes: 1. 	 For channels with an alignment other than straight, loss 
of head by resistance forces, shall be increased. A small 
increase in the value of 'n' may be made to allow for 
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additional 10ss of energy. In case the channels with 
relatively higher discharges in straight reaches, lower 
values o['n' than indicated above may be taken. 

2. 	 The 'n' value shall be decided in view of the age of 
lining, surface roughness, weed growth, channel 
irregularities, canal alignment, silting, suspended 
material and bed load etc. 

The values of rugosity coefficients, shown above, be adopted only where 
the channel has flushing velocity and no sediment deposition will take 
place. The value of 'n' may increase due to deposition of silt in course of 
time and should in such cases be taken as that of for Earthen Channel. 

The actual value of 'n' based on observations taken on Yamuna Power 

Channel, Dak Pather, Dehradun, in November, 1971 ranged between 


. 0.0175 and 0.0229 at Km. 0.60 and between 0.0164 and 0.0175 at Km. 

2.05. The higher value of 'n' at Km. 0.60 could be attributed to the 
deposition of silt in head reaches of the channel. 

2.6.2. 1 Equivalent Roughness 

In some channels, different parts of the channel perimeter may have 
different roughnesses. Canals in which only the sides or bed are lined, are 
typical examples. For such channels it is necessary to determine an 
equivalent roughness coefficient that can be applied to the entire 
cross-sectional perimeter in using the Manning's formula. In such cases 
calculation of equivalent roughness may be calculated by the following 
fonnula [8]. 

i[n3/2pf13 
;=1 I , 

n = 	 p2/3 

Where, 

Pi 	 are the lengths of different portion of perimeter with 
corresponding roughnesses. 

ni 	 is the roughness of portion Pi 

N 

P=I,P
;=1 I 
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The calculation of equivalent roughness may be best illustrated by an 
example and is given in Appendix - A. 

2.6.3 Side slopes of canal section 

Lining is usually made to rest on stable slopes of the natural soils, so 
slopes shall be such that no earth pressure is exerted on over the back of 
the lining. However, where chance of sudden drawdown in the canal is 
considerable, proper slip circle analysis should be made for the stable 
slopes. For a general guidance, the following side slopes are 
recommended as given in Table-2. 

Table - 2 

Recommended side slopes 

Sl. Type of soil Side slopes (Hor:Vert.) 
No. 

1. Very light loose sand to 
average sandy soil 

2. Sandy soiVloam 

3. Sandy soil or gravel 

4. Muram gravel mixed soil 

5. Black cotton 

6. Clayey soils 

7. Rock 

2:lt03:1 

I: I to 2: I (in cutting) 
1.5: I to 2: I (in embankment) 

1:1 t02:1 

I: I to 1.5: I (in cutting) 
1.5:1 t02:1 (in embankment) 

2:lt03.5:1 
1.5: I to 2: I (in cutting) 

2: I to 2.5: I (in embankment) 

0.25: I to 0.5: I 

Source: IS: 10430-1982 (Criteria for design of lined canals and guidelines for 
. selection of type of lining). 

Note: The above slopes are recommended for depth of 
cutting/height of embankment upto 6 metre. For depths/height 
in excess of the above special studies for the stability of 
slopes are recommended. 
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2.6.4 F ree Board 

The free board (measured from full supply level to the top of lining) 
depends upon the size of canal, velocity of water, curvature of alignment, 
wind and wave action and method of operation. The U.S.B.R. practice (8) 
for the minimum permissible free board for various sizes of canal is given 
in Figure 7. 

IS : 10430-1982 recommends a free board of 0.75 m for main and branch 
canals carrying a discharge of more than 10 cumecs and 0.60 m for 
branch canals and distributaries carrying a discharge of less than 10 
cumecs but greater than 5 cumecs. For discharges between 5.0 - 1.0 
cumecs, free board shall be 0.5 m for discharges less than 1.0 cumec (that 
is minors) free board should be OJ m. For discharges less than 0.06 
cumec (that is water course) free board should be limited to 0.1 to 0.15 
metre. 

On the other hand, Central Water Commission, New Delhi has proposed 
the following values offree board related with corresponding discharges: 

Discharge Upto 0.7 0.7 to 1.4 1.4 to 8.5 over 8.5 

(in cumecs) 

Free board(m) - 0.46 0.61 0.76 0.92 

However, for the case of power channels and in lengths in the vicinity of 
intake and forebay area, consideration should also be given to the surge 
heights due to sudden closure or start of the power house. 

Freeboard alongwith other hydraulic parameters in some of the major 
canals in India (9) are given in Table-3. 

2.6.5 Miscellaneous details 

Miscellaneous details like bank width, Dowla, Roadway & Drainag etc., 
may be provided as per IS: 10430-1982 "Criteria for Design of Lined 
Canals & Guidelines for selection of type of lining". 
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Appendix- A 

Example for calculating equivalent roughness 

Example: 


An earthen trapezoidal canal (n = 0.025) has bed width, B = 5.0 m, and water depth y = 

1.1 m. The channel has a side slope of 1.5: 1. In an economic study to remedy excessive 
seepage from the canal two proposals, viz (a) to line the sides only and (b) ro line the 
bed only, are considered. If the lining is of smooth concrete (n = 0.012), determine the 
equivalent roughness in the above two cases. 

Case (a): Lining on the sides only. 

PI = 5.0 m, nl = 0.025 

P2 =2[~12 +(1.5)2 JX1.10 

= 3.966 m, n2 = 0.012 

Now, P=Pl +P2= 8.966 , 

Equivalent roughness = [5x(0.025)U + 3.966x(0.012)1.5 fl3 
(S.966Y/3 

0.085447 =0.02 
= 4.31585 

Case (b): 	 Lining on Bottom only. 


PI = 5.0 m, nl = 0.012 


P2 = 3.966 m, nl = 0.025 


roughness = [5x(0.012YS + 3.966x(0.025YS f'3Equivalent 
(S.966y/3 

0.079107 =0.018 
= 4.31585 
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Table-3 


Details of some Major Canals in India 


SJ. Name ofCanal! StatelYear Canal Water Bed Water Side Free Remarks 
No. Project of Design depth width surface slopes board 

completion discharge inm inm width inm 
in cumecs in m at 

design 
discharge 

2 3 4 5 6 7 8 9 10 

I. Godavari control Andhra 90 2.90 29.28 35 .08 l:l 1.0 Unlined 
main canal! Pradesh 
Godavari delta 1990 

w 
(]I system 

2. Godavari Western -do­ 198.1 3.26 51.80 58.32 1:1 1.0 Unlined 
main canal 
Godavari delta 
system 

3. Jawahar canal Andhra 481.1 76.20 87.63 1.5: 1 0.91 Lined 
(Nagarjunasagar Pradesh to 
right canal 2: 1 

4. Nizam Sagar Andhra 96.22 30.48 39.62 1.5: I 1.067 Unlined 
canalfNizam Pradesh 
Sagar project 1931 

contd ... 



2 	 3 4 5 6 7 8 9 10 

5. 	 Bardi Karai Assam 30.01 1.38 15.7 19.05 1:1 0.75 Lined 
main canal 

6. 	 Western Kosi Bihar 236.7 35.06 46.037 1.5: 1 0.762 Lined & 
canallW estern partially 
Kosi project Lined 

7. 	 Main canal/ Goa Daman 14.0 1.65 7.1 1.33: 1 0.60 Lined 
Solauli Diu depth 
Irrigation 1983 with 13 
Project cumecs 

w 	 discharge
Q) 

8. 	 Bhadar left bank Gujarat 14.32 1.98 8.54 10.52 1:1 & 0.60 Unlined 
main canal 1969 2:1 

9. 	 Kodana left bank . Gujarat 11.04 7.0 10.66 m Urn 0.61 Unlined 
canallKodana 1980 cutting cutting 
project & 14.32m &2.1 m 

filling filling 

10. Karad right Gujarat 5.66 1.55 4.26 8.59 1.5:1 in 0.61 Present 
bank canal 	 1964 cutting by 

& 2:1 in unlined 
filling work under 

contd.. . 



.,
2 .J 4 5 6 . 7 8 9 10 

II. Karjan Reservoir Gujarat 28.30 3.89 11.99 1.5:1 0.90 Some 
left bank part of 
main canal canal 

12. Mahi right Gujarat 198.1 16.46 35.14 1.5: I 0.91 Lined 
pank canal 1980 

13 . Narmada main Gujarat 11 32 .83 7.6 75.6 98.4 1.5: 1 1.50 Lined 
canaVSardar 
Sarovar Project 

w 
-....J 14. Bhakra canal Haryana 192.0 12.3 28.5 1.5: I 0.75 Lined 

1956 

15. Gurgaon canals Haryana 640.0 11.59 22.3 1.5: 1 0.75 Lined 

16. Satluj-Yamuna Haryana 212 at 14.02 32.0 1.5:1 0.75 Lined 
link canaV 1980 Haryana 
SYL Project Border 

17. Western Yamuna Haryana 454.0 50.0 58.0 1.5: I 0.75 Lined 
canal 

18. SUllder Nagar Himachal 240.69 6.26 9.45 28.23 1.5: I 0.91 Lined 
Hydel Channel Pradesh 

1977 

contd. .. 



2 	 3 4 5 6 7 8 9 10 

19. 	 Loktak Lift Manipur 17.0 10.0 13.4 l:l 0.76 Some 
Irrigation main part of 
canal lined 

20. 	 Yamuna Power Uttar 198.1 5.709 10.98 1.5: 1 0 .76 Lined 
Channel Yamuna Pradesh 
Project 1965 

21. 	 Lower Ganga Uttar 213 3.355 51.45 1.5: I 0 .3 Lined 
canal (link Pradesh 
c~al) 1967 

w 
co 

22. 	 PattanankaI Tamilnadu 8.4 1.68 2.44 1:1 0.152 Lined 
main canal 

23 . 	 Manniaru canal Tamilnadu 43.2 1.524 30.48 1.5: 1 0.3048 Lined 
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3. EXPOSED AND HARD SURFACE LINING 


3.0 INTRODUCTION 

The exposed and hard surface linings generally comprise cement 
concrete, reinforced cement concrete, precast concrete blocks, bricks or 
tiles, and stone masonry linings. The first three types of linings are mostly 
used in the country. 

Brick tile lining can be successfully used in relatively small jobs or where 
suitable soil and other infrastructure for bricks is readily available. The 
effectiveness of brick lining in reduction of seepage and its long term 
durability are questionable. 

In-situ cement concrete lining has been successfully adopted for large 
canals in India and abroad. It can withstand high velocities upto 2.5 
In/sec. It eliminates weed growth and thereby improves flow 
characteristics. It can be constructed using sophisticated machinery like 
slip form or other types of pavers. Due to mechanisation, required quality 
can be assured and desired progress can be achieved. Reinforced concrete 
lining is generally avoided and its provision is limited to locations of 
heavy filling where danger of subsidence is feared or where the canal 
intercepts drainages. Boulder or stone masonry lining is generally used 
where these are available in plenty so as to make the lining work 
economical . 

3.1 CEMENT CONCRETE LINING 

An ideal canal lining would be water tight, moderate in cost, prevent 
growth of weeds, resist attack of burrowing animals, be strong and 
durable, provide maximum hydraulic efficiency and have a reasonable 
amount of flexibility. Concrete lining largely meets these requirements. 
Concrete lining made of selected aggregates with proper control of 
placing, finishing and curing on a suitable subgrade requires minimum 
maintenance and has long life. 

Small canals are generally lined by hand screeding and finishing. For 
large canal system, it is done by use of subgraded guide slip-forms or by 
paver machine. 
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3.1.1 Lining Equipment 

There are two methods for mechanical construction of concrete lining. 
One is known as slip-forming and the other screeding or pavel' machine. 
The slip-form machine operates longitudinally along the canal while in 
case of paver machine, concrete is screeded in transverse direction and 
from bottom to top on the sloping face of the canal. 

In slip-forming the concrete is spread by machine and is vibrated over the 
entire length of paving by means of needle or screed vibrator. The 
slip-form machines are necessarily heavier and costlier in comparison to 
paver machines. However, they are speedier in construction and provide 
better finish of the lining. In India slip-form machine was used on 
Poocham Pad canal in Andhra Pradesh. 

In paver machine the concrete spread over the subgrade is finished with 
cylinder which rotates or moves at a fixed speed equivalent to the 
resonant frequency of green concrete and is vibrated with a needle 
vibrator. Paver machine was used in the state of Uttar Pradesh for lining 
of some unlined reaches of Shard a Sahayak feeder channel during closure 
periods (Ref. 14). The concrete paver machine is currently being used on 
Narmada main canal, which is under construction in the state of Gujarat. 
The rated capacity of the paver is 20 m3fhr. However, as reported in 
literature, in actual practice the output of the order of 12 m3fhr only could 
be achieved. The equipment used is shown in Photographs 1 &2.(Ref. 15). 

3.1.2 Construction details 

The concrete lining work involves the following main operations: 

(i) Trimming and preparation of subgrade. 

(ii) Laying of cement concrete. 

(iii) Cutting joints. 

(iv) Curing. 

Trimming can be done either manually or mechanically. Mechanically, it 
can be done by using self aligned trimmer also called automated trimming 
machine. Subgrade preparation should be performed enough in advance 
to delay the lining operations. The subgrade is prepared by watering and 
tamping or rolling just before laying cement concrete lining to en~ure 
firm base. It should be ensured that the subgrade is thoroughly moist to a 
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depth of about 15 cms to prevent subgrade from absorbing water from the 
freshly laid concrete. Where subgrade is rocky, it is over-excavated by 7.5 
to 10 cms and backfilled 'Nith semipervious type of material properly 
compacted before trimming. 

For proper workability control on consistency of concrete is important as 
even small variation in slump will leave honey combs on the under 
surface if concrete is too dry or too wet. Moreover, concrete will not stay 
on the slopes. A slump of 4 cm is considered suitable for concrete to be 
placed manually on slopes of the canal and 5.0 to 6.5 cm for concrete in 
the bed . (Ref. 1) For heavier longitudinally operating machines, slump of 
about 5 cm is recommended. Concrete for canal lining should include 
enough well-graded sand to ensure a reasonably good finish. 

The laying of concrete lining should be in conformity with relevant I.S. 
Codes or as per U.S.B.R. practice (Ref. 3). The workability and quality of 
concrete with the same quantity of cement can be improved with the use 
of air-entraining agents or super-plasticizers. Air-entrainment of3.5 to 5.5 
% also helps materially in securing a satisfactory finish for concrete 
containing 40 mm maximum size aggregate. Another factor that will 
considerably improve the finishability of concrete is the reduction of the 
pea-gravel. The maximum size of aggregate should ordinarily not be 
greater than one-half the thickness of the lining. Use of richer wearing 
coat laid simultaneously with a leaner base might also be considered to 
affect economy if extra thickness is provided. 

Due to low flexural strength plain concrete lining is easily damaged in 
filling reaches. In such cases additional thickness and/or reinforcement 
shall be provided. It is difficult to lay and properly compact concrete on 
side slopes and curing poses serious problems. As a result, lining is 
generally weaker on the side slopes than that in the bed. The thickness of 
lining on the side slopes should, therefore, be kept slightly more than on 
the bed, (Ref. 2). 

The lining should normally be placed first in bed and then in the sides. 
Where site conditions require laying of lining on the side slope first, it 
should be suppolted on toe walls so as to ensure its stability. Curing of 
concrete for the lining can be done either in conventional manner, i.e. by 
application of water or by spraying the curing compound. Though water 
curing by ponding can be quite effective on canal bed, curing of lining on 
slopes using water may not be an effective arrangement. Generally a 
white-pigmented wax based compound is used for curing concrete lining. 
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White-pigmented curing compound conforming to A.S.T.M. 
specifications C-309-38 is being used for Narmada Main Canal lining, 
which is under construction in the state of Gujarat. 

3.1.3 Low Cost Lining 

With a view to evolve economical canal lining materials, Maharashatra 
Engineering Research Institute, Nasik conducted experimental field 
studies (23) on following types of materials used for lining of 
distributaries and minors of three projects viz., Jayakwadi, Dhom and 
Kukadi. 

I. Cast-in-situ cement fly ash concrete. 

2. Cast-ill-situ cement surkhi concrete. 

3. Cement fly ash concrete tiles. 

4. Cement surkhi concrete ti les. 

S. Mortar-faced stabilised soil tiles with fly ash. 

6. Thixotropic concrete 

The performance of these experimental linings was observed for 4-S years 
and it was found that the performance of cast-in-situ cement fly ash 
concrete, cement surkhi concrete is good and may be economically 
adopted. 

3.1.4 Reinforcement concrete linings 

Reinforcement in canal linings is normally not needed except in specific 
areas where structural considerations are involved in the design. 
Reinforcement is not required, if transverse joints are provided at proper 
interval (less than 6 m) to avoid cracking. It can be justified under 
unusual conditions, such as high back pressure, high flow velocities, 
swelling soils, unstable subgrade and in reaches where the canal crosses 
large cross drainage works. 

The amount of reinforcement required depends on slab length for 
longitudinal steel and width of slab for transverse steel. The necessary 
area of reinforcement can be found by the following formula (Ref. 13) 
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Lfw 
A 

2s 


where 


A == 	 Area of steel in square cms per metre of width in the direction in 
which L is measured. 

L == 	 Distance in metres between free transverse joints in compacting 
longitudinal steel or between free longitudinal joints or edges in 
figuring transverse joints. 

f== 	 Coefficient of friction between slab and subgrade (which varies 
from 0.5 to 3.0 depending on subgrade material, a value of 1.5 to 
2.0 usually being assumed for average conditions). 

w == 	 Weight of concrete slab in kg/m2 
. 

s == 	 Allowable working stress in steel in kg/cm2 
. 

The amount of reinforcement steel generally vary from about 0.1 to 0.4 % 
of the area in longitudinal direction and from 0.1 to 0.2 % of the area in 
the transverse direction. 

In case of Narmada Main Canal, where it runs in heavy banking near 
cross drainage works, it is proposed to increase the thickness of lining in 
bed as well as on slope from 10 cm to 20 cm and 12.5 cm to 25.0 cm 
respectively. The canal lining near structures is proposed to be reinforced 
with 12 mm bars at 30 cm c/c both ways and at both faces. The reinforced 
lining is extended upto 15.0 metres length on either side of cross drainage 
works without break at contraction joints. Similar is the practice in the 
canals of u.P. The joints are provided with water stops. 

3.1.5 Joints 

Four kinds of joints are used in concrete canallinings.(Ref.13) . They are: 

l. 	 Construction joints 

2 . Transverse joints 

3. Longitudinal joints 

4. Expansion joints. 
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A constlUction joint is placed at any location where it is expedient during 
construction . 

Transverse contraction joints are installed to control transverse cracking 
that results from shrinkage change caused by drop in temperature or 
moisture loss. Spacing of transverse contraction joints to control cracking 
should be 2.5 m to 5.0 m with the shorter intervals being used in thinner 
section. 

Longitudinal joints spaced 2.5 m to 5.0 m apart are used to control 
irregular longitudinal cracking in unreinforced slabs where the perimeter 
ofthe lining is greater than 5.0 metres. 

Expansion joints in concrete canal lining are ordinarily not required, 
except where the structures intersect the canal. 

3.1.6 	 Transverse and longitudinal joint details adopted in the W.J.c. link 
channel constructed with in-situ cement concrete by using paver machine 
is given in fig.7 . The technical specifications for longitudinal and 
transverse p.v.c. water stops for the 150 mm thick Ml o cement concrete 
lining used on the W.J.C . link channel are given as under. 

a) Technical Specifications: 

S.No. Characteristics Unit Values 

I. Tensile Strength KglCm2 116 Minimum 

2. Ultimate Elongation % 300 Minimum 

3. Tear Resistance KglCm2 49 Minimum 

4. Stiffness in flexure KglCm2 24.6 Minimum 

5. 

a) 

b) 

Accelerated Extraction 

Tensile Strength 

Ultimate Elongation 
KglCm2 

% 

105 Minimum 

250 Minimum 

6. 

a) 
b) 

c) 

Effect of alkali at 7 days 

Weight Increase 

Weight Decrease 
Hardness Change 

% 

% 

Point 

-

O. ! 0 Maximum 

0.10 Maximum 

±5 
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7. 

a) 

b) 

c) 

Effective of alkali at 28 days 

Weight Increase 

Weight Decrease 

Dimension Change 

% 

% 

% 

0.4 maximum 

0.3 maximum 

±I 

Weight 	of PVC strip shall be a minimum of 460 glm for the 
longitudinal strip are a minimum of 420 glm for the transverse 
strip. 

b) 	 The surface finish of PVC strips shall be mat finish and offwhite 
in colour. 

c) 	 The above technical specifications are the dimensions of PVC 
water stops as shown in the drawing are based on such PVC stops 
being used for concrete lining on Narmada Main Canal of Sardar 
Sarovar Project. 

3.2 SHOTCRETE LINING 

Shotcrete is a term adopted to designate pneumatically applied cement 
mortar . Pneumatic application is accomplished with the help of special 
equipment. Because of small and mobile equipment, this process is well 
suited for construction or repair work on small or widely scattered canal 
lining jobs. Another advantage is that it can be placed on an irregular 
surface obviating the need of trimming which is costly in case of rocks. 

The equipment for placing shotcrete usually has a system of air locks with 
the mechanism for feeding the premixed relatively dry sand and cement 
into a large flexible loss through which it is transported to the discharge 
nozzle under pressure. At the discharge end, water introduced through a 
second hose is added to the sand cement mixture and the mortar is 
discharged under pressure. A minimum air pressure of 3.0 kglcm2 is 
required for a hose length less than 30 m. Shotcrete is usually applied to 
the canal section by holding the nozzle about 1 metre from and normal to 
the surface being covered. The lining is suited for rough surfaces as in 
case of channel through rocky reaches where it will serve to smoothen 
surface and eliminate leakage through joints and fissures. 

As the rate of placement of shotcrete is very slow in comparison to 
conventional concreting and since no coarse aggregates are used, it 
requires more cement than is used in conventional concrete. So it is 
always more costly than conventional concrete lining. 
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Shotcrete expands and contracts with changes in temperature and 
moisture, so .ioints are also required to be provided as in case of 
COllventIOnal concrete lining. Curing of shotcrete is as important as curing 
of concrete and similar methods can be used. 

A further disadvantage of shotcrete is the difficulty sometimes 
encountered in controlling the thickness within specified limits. Such 
control is particularly difficult if the subgrade is not trimmed to a 
reasonable degree of smoothness. Placement of shotcrete in two or more 
layers of 12 mm to 20 mm each rather than one thick layer, will help 
produce linings which meet thickness requirements. 

3.3 PRECAST CONCRETE LINING 

The main advantage of precast concrete lining is that it is possible to 
exercise close and continuous quality control over the selection and 
proportioning of concrete materials, mixing, compaction and curing 
operations, as the work is carried out in centralized locations. The precast 
slabs are more compact and impervious due to vibration in their moulds. 
As the thickness of blocks is less than in-situ concrete lining, the surface 
is rendered more smooth than other lining. It also provides facility of 
construction as the blocks can be manufactured and dumped in each 
heading at suitable sites. The blocks are laid on compacted subgrade and 
the joints are sealed with cement to prevent leakage. This type of lining is 
especially suitable for use on side slopes and over weaker soils. It is 
possible even at later date to rectify easily the settlement in slabs. 

The common defects in this lining are that the joints are the weakest 
points and lining is susceptible to damage due to external hydrostatic 
pressure because of limited thickness of slabs. The joints can also be 
grouted with bituminous mastic or similar material instead of cement 
mortar. The former would have the advantage of flexibility and would 
need no curing (Ref. 2). With flexible joints precast slabs would be able 
to withstand relatively large settlements and movement without suffering 
failure. 

3.3.1 Manufacture of Precast Lining 

Precast slabs and ti les are generally manufactured under controlled 
conditions in central depots located at suitable distances along the canal 
and transported to the site after curing. The precast slabs are generally 
manufactured both by hand casting and machine depending on 
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and Iime concrete (1 :2:4) for the bed. In Andhra 15 cm to 23 cm thick 
random rubble masonry in cement mortar (1:6 to 1 :8) with 2 cm to 2.5 em 
thick cement plaster (1:4 to 1 :6) has been used with fair success in 
Kurnool-Cuddapah, Rajulbanda Diversion Scheme and Tungbhadra 
Project Canals. Details of stone masonry lining adopted at high level 
Tungbhdra Canal are given in the Appendix at the end of the book. 

3.6 DESIGN STANDARDS 

From economic considerations the section of lined canal should be such 
that the cost of excavation and lining is a minimum. This may yield a 
relatively deeper section with small bed width and water depth ratio. But 
in prac;tice the depth of the canal may have to be limited in view of the 
difficulties in excavating a deeper channel and the likely external pressure 
to which the lining below the water-table would be subjected to. Small 
canals provided with hard surface lining are usually designed to have a 
base width and water depth ratio of 1 to 2. However, channels with larger 
discharge may have higher base width and water depth ratio upto 20 or 
even more depending on permissible depth and available slope. 

Hard surface linings permit higher water velocities than in unlined 
earthen sections . The recommended thickness of bard surface linings 
which are based on the discharge of the canal are given in Fig. 2. The 
Shotcrete linings are usually 4.0 cm or more thick. The single brick or 
burnt tile lining is usually 5.0 or 7.5 cm thick, whereas double brick or 
burnt tile lining is 10.0 to 15.0 cm thick. For resurfacing with asphaltic 
concrete a minimum thickness of 5.0 cm is usually provided. 

In case of concrete lining provIsIon of permanent joints becomes a 
necessity to allow for dimensional changes of the lining blocks due to 
temperature and moisture variations. The joints should be of suitable 
shape anrl size and should be properly filled and sealed with adequate 
material. 20 cm wide and 10 cm deep sleepers are provided under the 
joints. The size of sleepers could be reduced to 15 cm x 7.5 cm in case of 
canals with capacity less than 15 m 

3
/sec. The sleeper should be placed 

centrally below the joints (Fig. 3). 

The various considerations for selecting a suitable joint filler are given 
below; 

(i) 	 It should permit free movement of lining slabs in expansion and 
contraction. 
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(ii) 	 It should be elastic enough to take up the reduction in the 
thickness of the joint due to expansion of the lining blocks, and 
should regain its shape and remain sticking to the sides of the 
joints on subsequent contraction of the blocks . 

(iii) 	 It should provide a water-proof seal at all times under the 
prototype head. 

(iv) 	 It should be resistant to variation in temperature and should have 
low susceptibility to flow during hot weather. 

(v) 	 It should have a long life and should be moss and fungus 
resistant. 

Various sealing compounds available in the market were at u.P. Irrigation 
Research Institute, for jUdging their suitability as joint filler for lining 
Yamuna Power Channel with 30 cm x 30 cm x 5 cm precast concrete 
blocks laid over 7.5 cm bricks with 12 mm thick sandwiched plaster in 
the sides. The results of tests of Nomoloid compound and nomotex 
Board, for their resistance to variation in temperature and the leakage 
through joints under the prototype head, indicated that these materials 
were unsuitable for use as a joint filler for Yamuna Power Channel. The 
basic studies carried out at the Institute led to the evolving of a sand 
mastic with blown grade of bitumen, named as u.P. Irrigation Research 
Institute joint filler compound. This compound was also found cheaper as 
compared to other materials. As such it was used for Yamuna Power 
Channel. The ingradients of the joint filler are given below: (Ref. 20) 

Maxphalt R 85/25 	 43 % 

Fine sand having F.M .....! to 1.5 	 55 % 

Asbestos Powder 	 2% 

The mastic should be prepared by heating the bit1,lmen sand separately to 
190 C. The sand should be mixed with 213,d quantity of bitumen first and 
then asbestos powder will be added to it. The remaining 1I3'd quantity of 
bitumen is then adopted to this mix and stirred thoroughly. The mastic is 
poured after cleaning and painting the sides of joint with Shalitex primer. 
This compound has also been used in Link Canal at Narora, District 
Bulandshahr, in the year 1966-67. It is learnt that the compound has been 
giving a satisfactory performance. 
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Concrete for canal lining should be plastic enough for thorough 
consolidation and stiff enough to stay in place on the side slopes. Usually 
a mix with excess of sand is needed for machine-placed lining to give 
adequate workability. 

Hard surface linings require a firmer base to reduce the amount of 
cracking and danger of failure due to settlement. The use of hard surface 
linings on expansive soils should be avoided. 

Sulphates of sodium and magnesium have adverse effect on cement 
concrete lining. Following methods (Ref. 18) may be adopted for the 
protection of lining in the reaches where total dissolved solids are more 
than 0.25 percent by weight. 

(i) 	 A protective coating of maxphalt 30/40 grade is applied over the 
subgrade before laying the lining. The thickness of coating 
obtained by using 2.5 to 3.0 kglm2 is sufficient. 

(ii) 	 To coat the bottom tile with maxphalt. This method is cheaper. 

3.7 SEEPAGE CHARACTERISTICS OF LINING MATERIALS 

Cement concrete lining is the most impermeable lining. The results of 
seepage measurements made by U.S.B.R. and u.P.I.R.I., Roorkee on 
various projects are given in Table 1. A perusal of the table indicates that 
seepage losses in case of reinforced and unreinforced concrete linings 

2range from 0.03 to 0.32, and 0.25 to 2.93 m3/sec/l06m respectively. In 
3 2 case of shotcrete the observed seepage losses are 0.11 m /secll06m . 

Brick lining with sandwitched layer of cement plaster is equally 
impermeable. The seepage losses in a 7.2 km reach of Lower Bhavani 
concrete lined channel were evaluated by Inflow and Outflow method as 

20.72 m3/sec/l06m . (Ref. 6) 

Overall values of field permeability of brick tile lining derived on the 
basis of field observations of head loss through the linings of Sarda 
Power Channel and Lower Ganga canal work out to 0.217 x 10-4 and 0.19 
x 10-4 crn/sec respectively against laboratory value of 8 x 10-6 crn/sec, the 
increase in permeability value being due to the effect of leakage through 
joints and cracks. 

Laboratory experiments were conducted at U.P. Irrigation Research 
Institute, Roorkee (Ref. 19) to determine permeablity, seepage losses and 
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flexural strength of single tile lining laid over a layer of bentonite and 
double tile lining with sandwiched cement sand plaster replaced by a 
layer of bentonite. The test results indicated that the seepage losses 
through the tile lining laid over neat bentonite or bentonite soil mix with 
betonite percentage less than 20 are significantly higher than seepage 
losses through tile lining laid over plaster. The flexural strength ofthe tile 
lining laid over bentonite layer is much less as compared to that with 
cement plaster. 

The laboratolY and semi-field experiments conducted by Punjab Research 
Institute indicated that initial seepage losses through asphaltic lining are 
very high. But with the lapse of time due to some sort of self-healing 
property exhibited by it, water tightness of the lining undergoes a 
significant improvement. The steady value of seepage losses has been 
found to be less than 0.6 m3/sec/l 06m2 during five years of observation. 

3.8 FIELD PERFORMANCE 

Study of several concrete and shotcrete linings which have been in 
operation indicates that such linings, if properly designed, constructed 
and maintained, will have an average life of about 50 years. The service 
history of concrete linings has proved to be good in general and such 
linings have been constructed on almost all types of subgrade. 

Linings compmll1g of cement concrete/clay brick tiles are able to 
withstand the vagaries of the weather and have sufficient resistance 
against erosion due to high velocities of silt laden water flowing in the 
channel. The life of these linings is very well comparable to conventional 
conrete linings. Considerable hand work is required for all precast type of 
linings, as proper backfilling and careful tamping under and around each 
section is of utmost importance to prevent leakage from uneven 
settlement. Moreover, this type of lining behaves as semi-rigid lining and 
no large scale failure occurs due to minor defects left in subgrade 
preparation. It is also experienced that if 25 to 30 % of the portland 
cement is replaced by surkhi or lime kankar the watertightness of the 
lining is increased as temperature cracking is reduced. 

Seepage losses may be vely high if the joints of stones/boulders lining are 
not mortared. Non-mortared boulder linings have proved advantageous 
where erosion control is the main reason for linirtg. 
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The performance of three major lined canals of the country, viz, N angal 
Hydel Channel (Punjab), Yamuna Power Channel (U.P.) and R ishikesh 
-Chilla Hydel Channel (U.P.) has indicated that the lining has behaved 
satisfactorily . The details of performance of these canals are given below. 

3.8.1 Nangal Hyde) Channel 

The channel has been provided with cement concrete lining except in 
some reaches of tail portion where tile lining has been adopted due to 
non-availability of aggregate for concrete. The canal was commissioned 
in July, 1954. The lining has proved to be relatively more stable in filling 
reaches than in reaches involving heavy cutting. The behaviour of canal 
in various reaches is as below. 

Lining in Continuous Running Reaches: Ever since the canal was 
commissioned, it has not been possible to close it up to km 33 due to 
requirements of water at Kotla and Ganguwal Power Houses. The 
continuous running in this reach has given rise to the following problems: 

(a) 	 Failure and collapse of slabs have been caused due to unequal 
settlement in the backfill or due to creation of cavities underneath 
arising from movement of lines through joints. 

(b) 	 The bulging of slabs has been caused due to excess hydrostatic 
pressure as a result of inadequate drainage against high 
water-table outside the canal. 

(c) 	 Due to continuous running of the canals the joints could not be 
attended to during the last several years in which the hot pour 
compound has been washed out. 

(d) 	 Some leakage has been observed through the canal embankment 
and at the cross-drainages during the past few years. Although 
the source of the leakage can only be located on closure of canal, 
it appears to be a result of gradual saturation of the banks and the 
subsoil due to continuous seepage through joints and cracks. 

Lining in Heavy Cutting Reaches: Some major damages have occured 
due to sub-soil water in the reaches of heavy cutting especialiy 
downstream of km 33 . The reaches, where proper drainage arrangements 
were initially provided, gave less trouble. General rise in water-table has 
taken place in the vicinity of the canal. Serious damage has resulted due 
to closure for annual repairs downstream of Lohand Regulator. 
Experience on this canal has indicated that concrete lining has given 
better overall performance in high water-table reaches than tile lining. 
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Lining in Filling Reaches : There have been practically little damages in 
filling or partly filling reaches. In such cases major cause of damage was 
the entry of rain water into the subgrade behind the I ining on the slopes. 

3.8.2 Yamuna Power Channel 

The lining consists of cement concrete tile lining in sides and 100 mm 
thick 1 :2:4 mix of concrete as shown in Fig. 4. Expansion joints of20 mm 
width were provided in the lining at every 10 metre intervaL The 
arrangements of expansion joint and joint between colcrete and tile lining 
is shown in Fig. 5. 

In the interest of power generation, the power channel runs throughout 
the year. The power channel was specially closed in the years 1972,1978 
and 1984 for detailed inspection of the damages and to carryout repairs . It 
has been noticed that in the following reaches some panels of side lining 
of the channel were found damaged in almost every closure. 

(i) 	 In 00-1 km on the hill side bank and just dis of the curve. 

(ii) 	 In 8.00 to 9.5 km on both banks. 

The concrete lining in the bed was damaged in small patch in a length of 
almost 30 metre at km 13.40 km, as was noticed in the year 1984. It has 
also been noti~ed that the damages to channel lining are frequent during 
rainy season. 

The damage to side lining in deep cutting reaches might have occured due 
to : 

(i) 	 Bulging of tiles due to back pressure generated by high spring 
level or otherwise and absence of arrangement for release of back 
pressures. This damage is further extended by the forces of 
continuous flow in channel specially in the downstream of curve. 

(ii) 	 Loosening of the joints in the lining due to continuous water 
seepage from the earthen embankment into channel due to high 
spring level. This loosened mortar is further sucked by the flow ' 
in the channel thus damaging the lining. 

The damage in the concrete lining in bed was observed only in the year 
1984 and that too at on Iy one p lace. The seepage of water from toe of the 
embankments and pits of OJ m to 1.0 m in the damaged area were seen. It 
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is probable that some cracks in the bed lining had developed giving way 
to seepage of canal water. Such damaged panels were repaired with 
modified lining, in which 300 mm boulder pitching was done over 250 
mm thick filter. Panels were formed along the length and slope of the 
channel to lay boulder pitching. Seventy percent area of the boulder 
pitching was grouted and 30% area in patches at the bottom was left 
ungrouted to release back pressures developed due to high spring level. 
This lining was first experimented in 1978. In the closure of 1984 these 
panels of modified lining were found satisfactory except dislodging of 
some boulders. On casual closure of the channel it was seen that these 
panels had again been damaged due to unloading of boulders. The 
channel is running since 1965. The channel lining has behaved well 
generally except in the deep cutting reaches. Special care should be taken 
while providing lining in the channels in deep cutting reaches. Suitable 
changes are proposed as wire crating of the ungrouted boulder pitching. 
Suitable pressure release valves and drainage arrangement alongwith 
proper filter is also recommended for adoption in high spring areas along 
channel alignment. 

Proper drainage arrangement is required at the outer toe of the 
embankment to avoid damages in the channel bed lining. A boulder 
pitching alongwith suitable filter is recommended for that purpose. 

3.8.3 Rishikesh-Chilla Power Channel 

The following types of lining have been provided in the power channel: 

(i) Boulder Pitching Lining 

(ii) In-situ Concrete Lining 

(iii) Cement Concrete Tile Lining 

t 

~ 
t 

The power channel was first time run in July,1980. After running 
continuously for more than 4 years it was closed for 4 weeks for 
inspection and necessary repairs in Feb.1985. In all 39 panels of c.c. tile 
lining were found partially damaged. These were mostly in deep cutting 
reaches where the ground water level on the back was quite high. The rest 
of the lining was found in good condition. The damage to panels was 
apparently on account of high back water pressure which could not be 
released through pressure release valves when the water level in power 
channel got suddenly reduced during monsoon due to choking of head 
regulator trash rack. It was observed that in most of the pressure release 
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valves, the rubber flapper had damaged and silt laden water from the 
channels had entered into the pipe and had virtually choked it. Silt was 
coming out of some of the valves when the channel was closed indicating 
release of back water pressure through them. A number of valves had to 
be cleaned manually by inserting mild steel bars and when silt was thus 
removed, back water pressure could release. Some of the valves were 
found damaged and had almost dislodged from their respective place. 

It was apparent that in the damaged panels the pressure release valves had 
not discharged their function properly. The damaged panels were repaired 
in the same manner as original tile lining was done and instead of 
installation of new valves, pockets of 1 metre x 1 metre at 3 to 4 metres 
centre to centre staggered in elevation, were left in the lining as shown in 
Fig. 6. These pockets were filled up with filter material and boulder 
pitching flushing with the lining surface was done. This has been found to 
work very well. The panels in which such arrangement was tried have not 
damaged again. 

Canal closure of3 days was taken in Feb. 1986 and 10 other panels found 
damaged were repaired in the manner detailed above including 
arrangement for the release of back water pressure. Seven days closure of 
the channel was taken during March, 1987 and 14 other panels were 
found damaged. The same procedure for repair and pressure release 
arrangement was provided. 

The lining of power channel using compressed cement concrete tiles has 
been quite successful. These have performed well except in reaches 
where back water pressure had developed and could not be effectively 
released in case of sud dan draw-down in the channel. The functioning of 
pressure release valves has not been very effective. 
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Exposed and Hard Surface Lining 


Table 1 


Results of Seepage Tests on Different Lini llg Materials 


Sl. Project/Canal Type of Lining Design Design Measured 
No. discharge depth seepage 

rate 
m 3/sec (m) m 3/secl I 06 m 2 

2 3 4 5 6 

(a) Field Conditions (U.S.A.) 

1. BOISE Project, IDAHO 

Lateral 0.1-1.0 ASPHALT 0.61 0.14 

2. Central Valley Project, California 

Contra Costa Canal 
Station Reinforced 3.96 1.49 0.03 
1805+56 to 1857+55 Concrete 
Station Reinforced 3.96 1.49 0.32 
1857+67 to 1873+85 Concrete 

3. Central Valley Project, California 

Fraint-Kern Canal 
Station Unrein forced 127.40 5.24 0.25 
3644+07 to 3673+56 Concrete 

4. Rio Grande Project, New Maxico 

Texas-West Canal 
Station Unrein forced 2.93 
50+84 to 273+32 Concrete 
Station Unreinforced 1.77 
273+32 to 314+76 Concrete 
Station Unreinforced 0.92 
314+76 to 342+87 Concrete 

~ 
contd .... 
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5. GILA Project, ARIZONA 

Lateral A-8.9-N 
Lateral B-3.7-1.8 

Shotcrete 
Shotcrete 

0040 
0.40 

0.11 
0.11 

6. Delta-Mendota canal Compacted 
earth lining 

93.71 4.69 0.03 

7. Courtland Canal Earth lining 19.39 2.59 0.53 

8. Helena YaJley Canal Compacted 
earth lining 

4.81 1.35 0.28 

9. Meeker Driftwood canal Earth lining 7.08 1.59 0.18 

(b) Field Conditions (U.P.) India 

10. Right Lalitpur Canal 
(Chainage 29.27 km) Stone lining 7.13 1042 

II. Ken Canal 
(chainage 53.20 km) 

C.C. blocks 71040 0.66 

12. Right Sharda Sahayak 
Feeder Channel 
(chainage 85.95 km) 

Brick lining 2.25 

13. Right Sharda Sahayak 
Feeder Channel 
(chainage 81.00 km) 

Bed with 
brick tile & 
sides with 
double brick 
tile lining 

2.06 

14. Left Sharda Sahayak 
Feeder Channel 
(chainage 61.50 km) 

Bed lined with 
C.C.while sides 
with brick 
PMCD lining 

2.027 

contd .... 
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15. 	 Sharda Sahayak Feeder Bed with brick 1.913 
Channel tile & sides 
(chain age 48.95 km) with double 

brick tile 
lining 

16. 	 Shard a Sahayak c.c. lining 1.381 
Feeder Channel 
(chain age 36 km) 

17. 	 Gursarai Canal Stone clay 2.94 
(Jhansi Canal) 
(Chainage 14.60 km) 

18. 	 Gursarai Canal Stone lining 2.04 
(Chainage 23.20 krn) 

19. 	 Gursarai Canal Stone lining 2.34 
(Chainage 36.90 km) 

20. 	 Right Lower Khajuri Stone lining 0.90 
Canal 
(Chainage 0.60 km) 

21. 	 Cheeti Minor of 100 micron LDPE 0.15 
Bulandshahr Dy. film lining 
covered with 
brick using 1:4 
mortar 

22. 	 Machkauli Minor of -do- 0.05 
Bulandshahr Dy. 

(c) 	 Field Conditions (Haryana) India 

23. 	 Bhainswal Dy. Single layer 2.84 0.653 
brick lining 

24. 	 Banyani Mr. -do- 0.38 0.70 
contd .... 
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(d) Semi Field Conditions, U.P.I.R.I., Bahadrabad 

25. 	 1st class brick 0.47 
lining in 1:4 CM 

26. 	 c.c. tiles 0.384 

27. 	 2nd class brick 0.662 
lining in 1:6 CM 

28. 	 Clay tile lining 0.225 

29. 	 1st class brick 1.565 
lining in I: 1 
white lime and 
surkhi mortar 

30. 1st class brick 2.126 
lining in 1:2 
white lime and 
surkhi mortar 

31. 	 1st class brick 1.975 
lining in 1:3 
white lime and 
surkhi mortar 

32. 1st class brick 1.741 
lining in I: l:l 
white lime,surkhi 
and sand mortar 

33 . 1st class brick 2.265 
lining in I: 1:2 
white lime,surkhi 
and sand mortar 

34. Alkathene film 1.199 
lining overlaid 
with 3" flat 
bricks in 1:4 
cement sand mortar 
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4. BURIED MEMBRANE LININGS 


4.0 INTRODUCTION 

A buried membrane lining consists of a relatively thin and impervious 
water barrier covered by a protective layer. The protective layer saves the 
membrane from exposure, damage by turbulent water, weeds, 
maintenance equipments and animals. Generally stable earth and gravel 
are used as the covering material. Other materials like shotcrete and 
asphalt macadam have also been used for protecting the membranes. 

4.1 TYPES OF MEMBRANES 

The commonly used buried membranes are: 

1. Sprayed-in-place asphalt membrane linings, 

II. Prefabricated asphaltic membrane linings, 

lli. Plastic film and synthetic rubber membrane linings, and 

IV. Bentonite and clay membrane linings. 

4.1.1 Sprayed-in-place Asphalt Membrane Linings 

It is composed of a special high-softening-point asphalt sprayed-in situ at 
a high temperature and is laid on a prepared subgrade to fonn 
approximately 6 mm thick water-proof barrier. It is protected from 
damage and weathering usually by a protective layer of earth and gravel. 
It provides an effective and cheap means of seepage control and can be 
satisfactorily laid in cold and wet weather. 

4.1.2 Prefabricated Asphaltic Membrane Linings 

These ready made membranes are used in smaller channels or in 
relatively short reaches of large canals where the use of sprayed-in-place 
linings is costlier on account of the requirement of special equipment and 
skilled personnel. Such linings are fabricated from low cost material of 
adequate watertightness and durability. They are relatively thin and light 
and can be transported to long distances, stored in hot weather and placed 
at low temperature. Originally this type of lining was developed by 
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US.B.R. This consisted of a layer of catalytically blown asphalt on a 
heavy sheet of untreated paper so that it could decay rapidly after 
placement, leaving the asphalt membrane in place. After installing, it 
worked satisfactorily but its transport to site and handling were difficult. 
At high temperature, the asphalt softened and the rolls stuck together, 
while at low temperatures, the asphalt became so brittle that the lining 
cracked on rapid unrolling. An improved design consists in using 
reinforcement of thin glass fibre mat which is saturated and coated with 
blown and filled asphalt. Such a lining has proved durable and can be 
handled and transported easily. 

4.1.3 Plastic Film and Synthetic Rubber Membrane Linings 

Initially canal linings using Polyvinyl Chloride (PVC), Low Density 
Polyethylene (LOPE) and Butyl-coated fabrics were tried in many canal 
projects on experimental basis. Trials with the use of butyl rubber 
sheathing used as an exposed canal lining material by U.S.O.A. 
Agriculture Research Service and Utah State University, Utah appear to 
have been recorded an excellent success as early as 1960. But due to high 
initial cost and vulnerability of the same for mechanical damage limited 
their wide spread use as a low cost lining material. 

Plastics in place of synthetic rubber, though performed equally well , soon 
proved ineffective as an exposed membrane liner because of their 
deterioration due to sun, weather and mechanical erosion . 

Later on, the most promising plastic formulation developed and tested, 
appeared to be the polyvinyl and polyethylene varieties and have been 
used with success as lining materials in many of the installations, but as a 
buried membrane only, after providing a cover protection . PVC lining has 
several limitations when compared to LOPE as PVC use for the 
manufacture offlexible film. 

Low density Polyethylene (LOPE) with a commercial name of 
' AGRIFILM' is a tough, wide width, black film and is used widely in the 
countl) these days. 

For more details reference may be made to Chapter Five which 
exclusively deals with Plastic Film and synthetic rubber membrane 
linings. 
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4.1.4 Bentonite and Clay Membrane Linings 

Bentonite has got the peculiar characteristic of becoming impervious on 
wetting due to swelling and imbibing of water. As such, it is a very useful 
material for controlling seepage from canais if avaiJable locally at low 
cost. It has been used by spreading as a membrane 25-50 mm or more in 
thickness over the canal subgrade and covering with a 15-30 cm 
protective blanket of stable earth or gravel. 

Based primarily on their swelling characteristics, bentonites have been 
classified into the following two groups: 

1. 	 High swelling sodium type montmorillonite clay having a high 
water absorption capacity, and 

11. 	 Low swelling clays, such as calcium montmorillonite, beidellite, 
and nontronite, having low water absorption capacity. 

Both the groups are closely related to each other, but their absorption 
capacities differ because of their slight structural and compositional 
differences. 

Low swelling clays too, when used in canal linings, may give equally 
satisfactory results, but the quantity of material required will be greater 
than high swelling clays for securing the same reduction in seepage. For 
laying the membrane lining, finely ground bentonite are best suited. If a 
good distribution of particle size is obtained, coarse ground pit-run 
bentonite may by equally satisfactory although for comparable results, a 
greater quantity of material is required. 

4.2 DESIGN CONSIDERA TJONS 

(a) 	 If properly placed, the buried membranes are almost completely 
watertight. Their durability depends primarily on the adequacy of 
the cover material used to protect them from damage. The earth is 
mostly used as cover material, because usually it is the cheapest. 

In order that the membrane may not get damaged by erosion or 
sliding, the channel section must be completely stable and resist 
the scouring effect of flowing water. A bed width to water depth 
ratio of about 4 to 1 in most of the materials is usually sufficient 
to overcome such erosion. As regards the sliding of banks, it is 
understood that no particular side slope will satisfy all subgrade 
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and cover types. However, a side slope of 2: 1 has been found 
satisfactory in most of the cases. Even a flatter slope will 
probably be required for asphalt or plastic membr&nes if the 
cover is composed of relatively unstable material such as 
uniformly graded sands, fine gravels or silty sands. 

(b) 	 Cover Material: The excavation and placement of cover material 
involves heavy expenditure. It would be economical if this 
material is available locally and placed to optimum thickness. 
When the cover material is a clayey gravel, a gravel surfaced soil 
or some equally erosion resistant material, a minimum depth of 
cover equal to 1112 of water depth plus 25 cm is recommended. 
In case of fine grained and non-cohesive material, a greater total 
thickness is required and gravel protection should be provided. 

Rapid drawdown of water surface will tend to cause the cover to 
slide down the slope. Therefore, repid water fluctuations should 
be avoided otherwise the slope will have to be flattened or the 
cover material should be selected so as to be free draining 
without loss of fines. In such cases the thickness ofthe cover may 
be increased. The stability of the cover may be improved by 
compaction also. In case of less desirable soils, the suitability of 
the cover can be improved by rolling. 

(c) 	 Permissible Water Velocity: It is customary to permit somewhat 
less velocities than those in an unlined canal constructed in a soil 
having the same characteristics as the cover material for the 
buried membrane. In the case of earth covers generally placed 
without benefit of maximum consolidation, scour is a hazard to 
the membrane. 

4.3 CONSTRUCTION DETAILS 

These include the preparation of the subgrade, the types and quantity of 
asphalt 	and bentonite and the method of application, type of cover 
material and its thickness. 

i. 	 Subgrade Preparation : Before laying a membrane, the canal 
section must be excavated sufficiently to accommodate the 
required water prism plus the cover material. In existing canals, 
the excavation, can be accomplished by dragline. After 
excavation, the surface is made smooth so that it may facilitate 
the laying of a membrane of uniform thickness and serve as a 
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satisfactory membrane support. For asphalt application, the 
surface can be smoothened by light dragging and rolling. It will 
help in obtaining a reasonably uniform membrane of minimum 
specified thickness without wastage of excessive amount of 
asphalt. The sub grade surface is made smooth with fine sand or 
soil padding where the subgrade is composed of rough, irregular, 
angular or fractured rock and gravel or open gravel and cobbles. 

11. 	 Asphalt Membrane : While spraying an optimum quantity of 
asphalt required to obtain a minimum thickness of 6 mm, some 
patches of inadequate thickness may be left due to non-uniform 
spray. The lining may get damaged at such spots during covering 
operations. To avoid this, a 20 percent extra quantity of asphalt 
may be used. It has been shown by laboratory tests that asphalts 
made with phosphate pentoxide or other phosphorous compounds 
are superior to those produced with other catalysts. Asphalts 
blown with catalysts of ferric chloride or other salts or iron are 
not suitable. 

For satisfactory performance of the membrane, it is important 
that it is laid uniformly and that there are no pockets of 
inadequate thickness of asphalt. After raising the temperature of 
the asphalt to approximately 4000 F, It is sprayed through short 
type nozzles at a pressure of3.5 kg/cm2

. 

Ill. 	 Bentonite Membrane : As determined by laboratory tests, 
specifications for bentonite membrane provide for minimum 
swelling requirements . Relatively finer bentonite may be used 
without regard to gradation . A maximum moisture content, such 
as a 20 percent, is specified with the thickness of the membrane 
depending on the amount of moisture already present in 
bentonite. Higher the moisture content, thicker the membrane 
should be to insure adequate solid material. 

IV. 	 Placement of Protective Cover : As the asphalt layer cools 
quickly, the cover material can be laid soon. In addition to other 
materials, earth or a combination of earth and gravel may 
generally be used to protect the membrane in view of economy. 
Great care should be taken in placing earth cover materials 
containing large rocks which can tear and crack the membrane. 
According to U.S.B.R. specifications, first the bottom is covered 
carefully with fine-grained soils and than the slopes are similarly 
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covered from bottom towards top. Finally according to necessity, 
additional cover of coarse material can be given. The same 
procedure should also be followed in covering other types of 
membrane linings. 

4.4 OTHER PROTECTIVE COVERS 

Several installations using shotcrete and macadam have been used 
experimentally, although they are costlier than earth and gravel. They 
eliminate very thick covers of earth and gravel and the need for 
over-excavation. 

(a) 	 Shotcrete : It consists of a 2 cm thick cover of shotcrete over an 
asphalt membrane placed directly on the canal subgrade. It 
should be of the same quality as that required for regular 
shotcrete canal lining. The approach and requirement for curing 
are also the same. The thickness is less than ordinary laid 
shotcrete. 

(b) 	 Asphalt Macadam: In order to lay satisfactory macadam surface, 
asphalt should penetrate to full depth for which aggregate must 
be graded to obtain a relatively open layer. Asphalt must be 
applied in flooding action in one operation. 
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5. PLASTIC FILM AND SYNTHETIC RUBBER MEMBRANE LINING 

5.0 INTRODUCTION 

Extensive use is being made of a variety of plastic and rubber membranes 
for different engineering purposes. The most commonly used materials 
are plasticized Poly Vinyl Chloride (PVC), Polyethylene and Butyl 
rubber. In recent years with the development of manufacturing and 
process control technology, the puncture resistance of polyethylene which 
was its weak point earlier has been improved considerably. Low Density 
Polyethylene (LDPE) film lining has been preferred over PVC and butyl 
rubber lining due to its longer life, availabi lity in any desired size and 
length, lesser needed thickness hence lesser weight and cost. Moreover 
LDPE is highly impermeable and as such it cuts off completely the 
seepage. Also, it is easy to transport as it is available in rolls and 
convenient in placement at site. 

Where there is a possibility of cattle crossing the canal , a suitable 
additional earth cover shall have to be provided to protect the non-rigid 
lining getting damaged. This is more important for small channels, where 
maintenance and quality control during construction may be a practical 
problem. Care has to be taken for its use where weed growth may be a 
problem. Considering its performance and cost, polyethylene may be the 
most economical material for flexible membrane canal lining. 

Certain properties of LDPE as aging, resistance to sunlight, 
microbiological action, stability of side slopes and its bond with concrete 
etc. require further research in its application in the field. 

5.1 	 EMERGENCE OF SYNTHETIC PRODUCTS AS EFFICIENT 
LINING MATERIAL 

5.1.1 	 Evidence of success with the conventional lining materials like cement 
concrete, bricks, tiles, stone etc. in controlling seepage in canals 
eventually led to a search for alternatives and synthetic materials offered 
a bright proposal. Trials with Butyl rubber sheathing used as an exposed 
canal lining material by U.S.D.A. Agricultural Research Service and Utah 
State University, Utah appear to have been recorded an excellent success 
with the use of Butyl rubber sheathing as exposed canal liner as early as 
1960. But due to high initial cost and vulnerability of the same for 
mechanical damage limited their wide spread use as a low cost lining 
material. 
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5.1.2 	 Plastics in place of synthetic rubber, though performed equally well, soon 
proved ineffective as an exposed membrane liner because of their 
deterioration due to sun, weather and mechanical erosion . Later on, the 
most promising plastic formulation developed and tested appear to be the 
polyvinyl and polyethylene varieties and have been used with success as 
lining materials in many of the installations, but as a buried membrane 
only, after proving a cover material for protection. Early production cost 
of plastic films of Polyvinyl Chloride (PVC) and polyethylene varieties 
restrained their use as canal lining materials, but their progressively lower 
cost of production made them costwise competitive and thus their choice 
as canal lining material picked up. 

5.1.3 	 PVC lining has several limitations when compared to LOPE film. PVC 
used for the manufacture of flexible film contains plasticizers which have 
a tendency to migrate, resulting in the film becoming brittle and cracking. 
Secondly, PVC film can not be produced in wide widths and so its use 
results in higher jointing costs. The density of flexible PVC is between 
1.2 and 1.4 gm/cm, whilest that of LOPE is 0.931 gm/cm . This results in 
the coverage of a larger area by LOPE than by PVC for the same weight 
and thickness of film , which in turn leads to appreciable economy in the 
use of LOPE film over PVC lining. 

5.1.4 	 LOPE film lining which had been tried on experimental basis for the past 
several years is being used now extensively for canal lining works in the 
states of Gujarat, Haryana, Karnataka, Rajasthan, Uttar Pradesh, Punjab 
and West Bengal etc. Annexure-l gives some detai Is about the places 
where LOPE film for canal lining has been used successfully. 

5.2 	 LOW DENSITY POLYETHYLENE FILM 

5.2.1 	 Low Density Polyethylene (LOPE) with a commercial name of 
AGRlFILM is a tough, wide width, black in colour and tailor made for 
canal lining appl ications and marketed through Indian Petrochem ical 
Corporation Limited (lPCL) producer of raw material of such film in the 
country. It has excellent water barrier properties, very good blend of 
physical properties like tensile-impact strength coupled with good 
weatherability and chemical resistance properties. 

5.2.2 	 LOPE film is usually available in rolls having a continuous unspliced 
length in various widths without joints as per requirements. The length of 
rolls may be of about 40 metres for convenience in handling. Film rolls 
can be obtained in specified lengths and widths as per requirements of the 
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designed cross-section of a canal to avoid wastages and minimise the 
joints. LOPE film for use in canal lining work must conform to the 
relevant Indian Standard specifications. However, the film samples may 
be got tested before use at the nearest Plastic Development Centre or 
LaboratOlY having facilities for testing LOPE film. 

5.2.3 Thickness of LDPE 

Wherever plastic film has been used as a primary barrier with rigid cover, 
the film having heavy thickness and of the order of 200-250 microns has 
been generally used as a canal liner. In case of secondary seepage barrier 
but with better sub-grade and rigid lining, film having thickness of 
100-150 microns has been used. For use of film with soil cover still 
higher thickness have been adopted. From the data available regarding 
thickness of the film Llsed at various irrigation canals, it appears that no 
hard and fast rule may be adopted for deciding the thickness of film and 
mainly depends on the engineering judgement, experience of the 
Engineer-in-charge and impOitance of the project. Details of the thickness 
of film used along with other parameters of various canals in different 
states are given in Annexure-2. 

Following criteria may be adopted for deciding the thickness of the film. 

TABLE-l 

Minimum thickness of LDPE film with "igid 
cover/earth cover corresponding to water depth 

Sl. Water depth (m) Film thickness in microns 

No. With Rigid Cover 

Film as Film as With Earth 

Primary Secondary Cover 

Barrier Barrier 

I. Upto 1 m 150 100 200 

2. Upto 2 m 200 100 250 

3. More than 3 m 250 100 300 

73 




5.3 GENERAL CONSIDERATIONS 

5.3.1 Investigations 

The following information based on necessary investigations shall be 
collected for the entire length of the canal before commencing the work. 

1. 	 Nature of soil (physical properties upto 1.0 metre depth below 
canal bed). 

2. 	 Sub-soil water conditions: In case water remains at the canal bed 
level, even during closures due to depressions, this water should 
be pumped out; and 

3. 	 Longitudinal and cross-section of the canal. 

5.3.2 Materials 

1. 	 Cement 

Portland cement conforming to IS : 269-1976 or IS: 455-1976 or 
IS : 1489-1976 as specified by the Engineer-in-charge must be 
taken in use. 

II. 	 Sand 

Sand required for cushion layer below the film shall be of fine 
quality, passing through 53-micron IS sieve. 

Ill. 	 Top cover 

As the main purpose of using LDPE film for canal lining works is 
to arrest seepage water, which can be achieved by using a very 
thin film say 100 microns or more, hence, LDPE is always used 
as burried membrane lining LDPE is placed on a prepared canal 
sub grade and can be covered with soil; or any suitable rigid top 
cover. The top cover may consist of any of the fo 1I0wing ­

I. 	 Insitu cement concrete M-I 0 conforming to IS : 456 

2. 	 Precast cement concrete tiles conforming to IS: 3860 

3. 	 Burnt clay tiles conforming to IS: 3367 

4. 	 Bricks 
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5. 	 Stone slabs and 

6. 	 Compacted soil. 

Proper placement of the cover material is important to avoid 
possible puncturing, tearing or stressing the film. While placing 
the cover material, care should be taken that the film is not 
displaced or injured. The protective cover plays important role in 
the longevity of LOPE film lining. The cover material should be 
such that it is free draining, erosion resistant and stable on side 
slope. In case of soil cover, the inclusion of rocks, boulders, 
vegetative matter should not be permitted in the covering 
material and for affecting economy as for as possible, the soil of 
the canal excavation unless found unsuitable will be used as 
covering material. 

IV. 	 Film 

Polyethylene film quality shall conform to IS : 2508-1984 and 
shall have: 

1. 	 Nominal thickness of not less than 100 microns (0.1 mm). 

2. 	 Seamless width of atleast 5 metres. 

Moreover, natural or any other colour film shall be of ultra-violet 
stabilized quality only. Ultra-violet absorbers incorporated in the film 
shall conform to IS : 7277. 

Following points should be kept in mind while covering LOPE film with 
soil. 

1. 	 For canals with velocities less than or equal to 0.6 m/sec, 
minimum thickness of cover over the film shall be not less than 
30 cm in bed and 60 cm on the sides as shown in Fig. lea). 

2. 	 For canals with velocities more than 0.6 m/sec, the polyethylene 
film in bed shall have a rigid cover against possible bed erosion. 
For sides the cover shall be of any rigid type. 

3. 	 Recommended techniques of jointing polyethylene film is shown 
in Fig. l(b). 

4. 	 Side slope shall be designed in accordance with stability 
requirements with lining in position. 

I 
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5. 	 Ifthe cover material contains kankar or sharp angular material, a 
cushion layer 7.5 cm thick of sieved earth may be provided over 
the film . 

6. 	 To prevent ' beaching' effect at water line, kankar or material of 
size of 4 to 5 cm may' be spread over the cover prior to 
compacting, using light roller or manual ramming. 

7. 	 It is also recommended that side slopes should be covered first. 

5.3.3 	 In practice, it has been seen that, in most of the major canal projects of 
India, Cast-insitu concrete, precast concrete blocks, brick tiles or concrete 
tiles have been used as a covering material over LDPE film. In World 
Bank aided Parallel Upper Ganga Project and Indira Gandhi Nahar 
Project brick/concrete tiles have been used over LDPE film. The only 
irrigation project which has successfully used plastic film overlaid with 
soil cover is in the modernisation of unlined canal system of Kangsabati 
irrigation project, West Bengal. The general profile of the canal section 
with polyethylene film in bed and sides would be similar as shown in Fig. 
I &2. 

5.4 	 mGH MOLECULAR MASS HIGH DENSITY POLYETHYLENE 
FILMS (H.M.H.D.P.E.) 

5.4.1 	 Films made from high molecular mass high density polyethylene 
(HMHDPE) are also being used for canal lining purposes. IS : 
10889-1984 deals with the specifications for HMHDPE. It has been 
reported that this film has distinctly superior qualities compared to low 
density polyethylene film. 

5.4.2 	 With increased density of HMHDE film, several properties ' like tensile 
strength, toughness, permeability, moisture barrier properties, surface 
hardness, puncture and pinhole resistance are reported to be higher than 
that of LOPE film. The HMHDPE film is resistant to attack by acids and 
alkalies and stabler under high temperatures. 

5.5 	 PREPARATION OF SUB-GRADE 

Laying techniques, preparation of sub-grade etc. for both HMHDPE and 
LOPE films are similar and Described as below. 

5.5.1 	 Kankar of any sharp angular material shall be removed to provide 
reasonable smooth su bgrade. Any weeds, roots and Vegetation that may 
damage the film shall be removed. 
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5.5.2 If the reaches are weed infected, antiweed treatment to subgrade may be 
provided to discourage the weed growth under the film. 

5.5.3 A layer of fine sand, preferably passing through 53 micron IS sieve of 
suitable thickness J2 mm to 25 mm shall be provided over the subgrade 
(on bed only) to facilitate working condition over the film. 

5.5.4 The sub-grade shall be prepared, dressed and rolled true to level and 
according to the required cross-section of the canal to form a firm base of 
lining. 

5.5.5 In other than predominantly sandy reaches where the dry bulk density of 
the natural soil is not less than 1800 kg/m3 

, initial excavation shall be 
done upto about 30 cm above the final section and the lip cutting shall be 
done immediately before lining. 

5.5.6 If at any point, material of prepared sub-grade has been excavated beyond 
the neat-lines required to receive for lining, the excess excavation shall be 
filled with material compatible with sub-grade material and thoroughly 
compacted. 

5.5.7 When partial filling of an existing unl ined canal is necessary to reduce the 
cross-sectional area to that required for lined canals, the fill shall be 
placed and suitably compacted to avoid settlement and ruptur~ of the 
lining. 

5.5.8 To cover up any lapses in the compaction of the inner core of the banks 
near the edges and to allow sufficient width for a labourer to work 
conveniently a Iip cutting width of not less than 50.0 cm horizontally 
shall be provided. Depending upon the nature of soil and the side slopes 
of the canal, the lip cutting width may be in the range of 50 to J00 cm . 

5.6 COMPACTION OF SUBGRADE 

5.6.1 Compaction in predominantly sandy reaches 

5.6.1.1 Bed - The compaction shall be done by over-saturating the 
flooding it with water before lining is laid. 

bed by 

5.6.1.2 Sides - The consolidation of sides shall be done by vibro-compactors. 
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5.6.2 	 Compaction in other than predominantly sandy reaches 

5.6.2.1 	 All compaction shall be done at optimum moisture content in layers not 
more than 15 .0 cm thick to obtain a dry bulk density of not less than 
95-98% for bed sides of the density at optimum moisture content in 
accordance with IS : 2720 (part VII) - 1974. 

5.6.2.2 	 W~ere the dry bulk density of the natural soil is equal to or more than 
1800 kg/m3

, the procedure described in 5.7.2 shall be followed. 

5.6.2.3 Bed - Where the dry bulk density of the natural soi I is less than 1800 
kg/m3

, and subsoil water is near the subgrade, the consolidation shall be 
done by under cutting the bed by 7.5 cm and then ploughing upto 15 .0 cm 
below the sub grade level. The loosened so i I shall then be recompacted 
with sheep foot rollers or other suitable devices. Where the subsoil water 
is low, requiring no dewatering and the dry bulk density ofthe natural soil 
is less than 1800 kglm3

, the consolidation shall be done by digging the 
canal upto subgrade level and after that loosening the earth below the 
subgrade upto 15.0 cm by disc barrows or ploughing and compacting the 
same to a layer of I 1.0 cm. Again the second layer of 15.0 cm of earth 
shall be laid over the compacted layer by taking earth from lip cutting and 
compacting this to a depth of 11.0 cm. The compacted layer of 7.0 cm 
above the subgrade level shall be removed and the subgrade brought to 
design profile before laying the lining. 

5.6.2.4 Sides - Compacting of sides shall be done by manual labour or suitable 
compactors to a depth of 30.0 cm to obtain a minimum dry bulk density 
of not less than 95% of the density at optimum moisture content obtained 
in accordance with IS : 2720 (part VII) - 1974. 

5.7 	 LAYING TECHNIQUE OF LDPE FILM 

5.7.1 	 The film shall be laid over the subgrade prepared below the designed bed 
level to the extent of cover thickness in strips perpendicular to water flow. 

5.7.2 	 The loose ends of the film strip shall be anchored with an allowance of 50 
cm for anchoring in the toe walls . Toe walls shall be constructed at such a 
level that film when laid on the bed is retained at design depth. Necessary 
space shall be kept vacant at toe wall for anchoring the film. 

5.7.3 	 The film shall be spread loosely over the subgrade so that it shall attain 
the contours of subgrade and compensate for thermal variation during the 
day. It is recommended that an extra length of3.5 percent over the length 
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of the film required for spreading over bed side slope including 
anchorages shall be provided to take care of thermal variations during the 
day. When film Jaying is undertaken at midday, it is recommended that 
the film be spread only on the area that can be covered with tiles by the 
end of day. As polyethylene film is likely to be affected by very high 
temperatures of about 45°C obtaining in summer days it would be 
advisable to avoid laying the film under such high temperature. In case it 
is necessary to continue the work on hot days as well it should be 
restricted to morning hours only. 

5.7.4 	 The adjacent layers of film shall be laid in such a manner that the width 
of an overlap shall not be less than 15.0 cm and overlap shall point 
towards downstream of canals. The overlap joints shall be heat sealed 
with hot iron as shown in Fig. 1 (b). 

5.7.5 	 The film shall be spread on well prepared subgrade and shall be held in 
position at two extremities of bed by placing excavated earth on it, while 
the two ends of film are being loosely held over the embankment. 

5.7.6 	 Excavated earth shall be placed over the film to build up the canal 
section. The earth layer shall be compacted by using light rollers and 
manual templates. It may be so arranged that earth from over excavation 
of adjacent section be used for covering the film in earlier section. Thus, 
by the time, earth cover is provided in one section, the adjacent section is 
ready to receive film lining. 

5.7.7 	 Extra length of the film shall be placed in trench at embankment top and 
covered with earth. The embankments may be then raised to designed 
level. 

5.8 	 ANCHORING OF FILM 

5.8.1 	 For smaller canals where the width of the film available is sufficient to 
cover the canal section from one end to the other, no toe wall is necessary 
and the polyethylene film lining can be laid continuously from one end to 
the other. 

5.8.2 	 For larger canals, a masonary toe wall of 60 x 20 cm deep shall be 
constructed at two extremities of the bed' with a view to provide 
anchorage for film laid both on bed and sides (Fig. 2). The top layer of 
the tile is to be laid only after anchoring the film. 
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5.8.3 	 A trench 15 x 15 cm at a distance of 40 cm away from the lip and 30 cm 
above the FSL shall be dug all along the canal length, to hold the loose 
end of the film laid on side slopes (Fig. 1). 

5.9 WATER COURSE LINING 

5.9.1 	 Water courses are generally small earthen channels running along the 
borders of the fields . The loss due to seepage and evaporation which can 
occur in the water courses/field channels can be staggering high. Width of 
water courses and velocity of flow is generally quite low. 

The enormous loss of water in field channels has attracted attention of the 
irrigation authorities and considerable efforts are being made to construct 
lined water courses which would reduce seepage losses. Method of water 
course lining will be similar to as described earlier for any irrigation 
canal. 

5.10 	 EXPERIENCES OF LDPE FILM IN SEMI- FIELD AND FIELD 
CONDITIONS 

5.10.1 	 In order to improve operational efficiency of the channels, U.P. I.R.I., 
Roorkee has carried out long range experiments to develop low cost and 
less permeable lining materials. The study was divided into following two 
phases. 

Phase I : Semi-Field Conditions 

Irrigation channels often pass through areas of different type of soils. As 
such it was decided to construct channel sections at Hydraulic Field 
Research Station, Bahadrabad, in different type of soils available in the 
vicinity or Bahadrabad. Besides this, the channels were lined using LDPE 
film with various covering materials and then tested for seepage losses 
measurements. The seepage losses in various types of conventional lined 
channels constructed on experimental basis vary from 18 to 44% relative 
to unlined channel while on the other hand LDPE film lined and covered 
with brick and clay tiles vary 2 to 5 % relative to unlined channel. When 
LDPE film was used in bed only the seepage losses further increases to 
the order of 27 % relative to unlined channel. More details are given in 
Annexure 3 & 4. 

Phase D : Field Conditions 

Upper Ganga Canal system is about ISO years old, initially its discharging 
capacity was 189 m3/sec (6750 cllsecs) which was subsequently increased 
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to 294 m3/sec (10500 cusecs). Due to increased demand of water for 
irrigation it would have been better if its capacity could be increased. But 
due to limitations of existing masonry structures this is not possible. In 
view of this, modernization of Upper Ganga Canal (U.G.c.) system has 
been taken up. Under. this project a Parallel Upper Ganga Canal (PUGC) 
is proposed to be constructed from km 6.0 to the tail and will be lined in 
its entire reach to further increase its capacity and save water loss due to 
seepage. The reach from km 6.0 to 8.5 and km 9.0 to 9.5 of PUGC are 
lined using LOPE film. Salient features of the canal at these reaches are 
given as below. 

1. Channel section 	 Trapezoidal 

2. Bed width 	 30.0 m 

3. Water depth 	 4.5 m 

4. Free board 	 0.75 m 

5. Side slopes 	 1.75:1 

6. Design discharge 	 370 m3/s 

7. Velocity 	 2 .05 m/s 

8. Rugosity coefficient 	 0.018 

9. Channel bed slope 	 0.25 m/km 

10. Thickness of LOPE film 	 200 micron bed & sides 

11. 	 Type of Lining Bed: 100 mm thick cast-in­
situ A-20, M-15 CC 
Side: Double layer of 
Precast CC. A-20, M-15 
slabs of size 300x300x40mm. 

12. Jointing of LOPE film 	 Coat of hot bitumen 

Note: 	 LOPE film on bed and sides are provided to serve as an 
assured barrier against seepage. 

5.10.2 	 In addition, some of the distributaries and minors of PUGC system have 
also been proposed for lining. Lining of Harduaganj distributary is one 
such where LOPE film has been used, depending on the canal section, 

81 



discharge and groundwater conditions. The salient features of the lined 
section are furnished below. 

1. Channel Section 	 Trapezoidal 

2. Bed Width 	 1.3 m 

3. Water Depth 	 0.86 m 

4. Free Board 	 0.5 m 

5. Side Slopes 	 1.5: I 

6. Design Discharge 	 6.75 m3/sec 

7. Thickness of LDPE film 	 ' 200 micron Used. 

8. 	 Overlain Lining Single layer of burnt clay 

tiles in 1:4 cement mortar. 

9. 	 Overlapping of Film Overlap of20 cm and folded 

in the direction of film as 

per IPCL manual. 

10. 	 Anchoring offilm Folded and embedded in the 

on sides soil as per IPCL manual. 

The seepage losses observed in various distributaries and minors are 
presented in Annexure 5 & 6. 

5.10.3 Experiences 

From the studies conducted in semi-field and field conditions following 
conclusions may be drawn. 

I. 	 The use of LDPE film should be encouraged as it is quite 
effective in reducing seepage losses by 70 to 95%, depending 
upon the maintenance of the lining, soil type and groundwater 
table conditions. 

2. 	 Although the cost of LDPE film combined with clay tile is 
slightly more than the conventional C.C. tile lining, the saving in 
seepage is, however, substantial. 
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3. 	 In case the channel is to be lined with LDPE film, it should cover 
entire perimeter since the partial covering of the perimeter may 
defeat the purpose. 

4. 	 The type of soil practically has n9 effect when the channel is 
lined with LDPE film. Normally the soil free from pebbles 
should be used as a subgrade below LDPE film. 

5. 	 It is preferable to cover the LDPE film lining with rigid lining 
instead of earth cover which is prone to erosion on bed and 
sliding on sides. Also for earth cover on sides, flatter slope is 
required which will need more land acquisition and excavation, 
thus enhancing the cost indirectly. 

6. 	 The LDPE film supplied by IPCL was used for 2 years. The same 
was sent to IPCL for testing its properties after use as a liner. The 
result indicates that no significant degradation has been shown on 
the film used after two years. Some variation in thickness was 
reported which was within the permissible range. 

5.11 DURABll.ITY OF LDPE FILM 

Field observations by different departments and Research organisations 
have revealed the following facts. 

1. 	 An increase in film thickness prolongs its life as the process of 
oxidisation and hence its degradation is considerable slowed 
qown. 

, 	 2. Protection of the LDPE film with the layer of soil or rigid lining 
is essential to prevent degradation due to Ultra Violet Radiation 
and also to provide more favourable temperature conditions for 
the film. The result of accelerated laboratory tests have shown 
that the service life of stabilised (black) film of 0.2 mm (200 
micron) thick film is between 40 to 50 years when used as 
seepage barrier. 

3. 	 The polyethylene film has been found durable for lining the 
~ irrigation channels. At places where soil cover is used and there 

may be animal traffic, the film has not been effected by hooves of 
the animals when laid under 30.0 cm thick soil cover. In case of 
soil cover the thickness of soil cover may be increased after 
considering the chances of scour & stability of the banks. 
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4. 	 According to CBI&P, New Delhi publication "Guide lines for 
use of P lastics (LOPE film) for lining of canals" 1989, the 
thickness used may be calculated by the formula. 

C = 25.4 + DIl2 

Where C = Soil cover in cm 

0= Depth of water in cm 

Subject to a minimum of 30 cm in bed and 60 cm on sides. The 
above formula may be used for large and medium canals and for 
water courses etc., it may be reduced on the discretion of the 
Engi neer-in-charge. 

The main problem of using LOPE in water courses is the damage 
of the film by the movement of stray cattle. 

5. 	 LOPE has been successfully used in bed and sides with soil cover 
or with brick ti les for medium and small canals. If insitu concrete 
is to be laid on sides, difficulties are expected due to 
development of bond between LOPE and concrete. For this 
purpose if serratted LOPE is used, it may serve the purpose. In 
Punjab necessary technique has been developed to make the 
smooth polyethylene film surface rough by suitable coating with 
Bitumen- Kerosine emulsion and as a long range studies, the 
Bitumen coated polyethylene fi 1m has been incorporated in 
selected reaches of some distributaries and minors of the state. 

6. 	 Field engineers from Punjab on the basis of their experiences 
have recommended that limiting depth of a typical section should . 
be 5.48 m, with maximum velocity of 1.8 mlsec. Also they have 
recommended that normally for discharge below 85 cumecs, the 
cup shaped section has been considered adequate and for higher 
discharges, trapezoidal section was considered useful. 

7. 	 The kinetic coefficient of friction between the film and the 
materials in contact with it should not be less than 0.40, because 
higher the value, steeper the bank slope which may be provided. 

Annexure 1 gives the details of the performance of lined canals using 
LOPE film as burried membrane. 
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5.12 COMPUTATION OF LDPE FILM REQUIREMENTS 

"A manual on canal and reservoir lining with Agrifilm" a publication of 
Indian Pertrochemicals Corporation Limited contains very simple and 
exhaustive calculations in their Annexure-3 for the requirement of LOPE 
film. For preliminary calculations, the following points should be 
remembered ­

1. 	 Density of LOPE film - 0.931 gm/cm3 

2. 	 For bed as well as for side linings, 5% allowance may be given 
both along the width and length of the lining .. 

3. 	 A width of around 1.55 metre may be kept for the purpose of 
anchoring the film in the trench on the embankments of the canal. 

4. 	 For joints along the length of the canals, overlap of not less than 
15 cm may be provided. 

5. 	 For toe wall anchoring an allowance of 50 cm may be provided. 

5.13 	 SAVING IN CEMENT CONSUMPTION WHEN USING LDPE 
FILM 

As reported by CWC engineers in their paper "Lining of Canals with 
special reference for the burried plastic lining" (Ref. 11) that Haryana 
state Engineers have conducted a technoeconomic study with 
conventional single tile lining vis-a-vis polyethylene film with tile 
covering. The analysis of rates as worked out for above studies for all 
types of lining actually laid on Israna and Jundla distributaries of Haryana 
are given in table. 

Table - 2 

Saving in Cement Consumption 

SI. Specification Adopted Cement % of% reduction 
No. Consumption saving in 

in bags in in seepage 
per sq.m. cement due to 
of lining LOPE film 

2 	 3 4 5 

1. 	 Conventional single tile 

lining with two plasters 

on Israna distributary 0.275 
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2 	 3 4 5 


2. 150 micron LDPE film 

lining in bed covered 
with tile lining in 1:3 
mortar 1onun thick and 
sides with single tile 
linings with two plaster 
layers. 0.220 20% 33% 

3. 150 micron LDPE film 

linings in bed and sides 
covered with tile lining 
laid ir11:3 mortar 10 nun 
thick. 0.145 47% 56% 

4. 100 micron LDPE film 

lining in bed covered 
with tile lining in 1:3 
mortar 10 nun thick and 
sides with single tile 
lining with two plaster 
layers on lundla. 0.20 27% 

On the basis of analysis of rates, Cement consumption and use of LOPE 
film as seepage barrier it was experienced that: 

1. 	 Lining with LOPE as compared to conventional lining was 
approximately of equal cost per square metre of lining. 

2. 	 Cement consumption was reduce;} by about 20 to 47% against 
conventional type lining and It may prove beneficial and 
economical when avai labi lity of cement may be a problem. 

3. 	 With the use of LOPE, extra seepage loss to tune of 33% to 56% 
could be reduced as compared to conventional linings, detailed in 
the above table. 
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5.14 ANTI-WEED AND ANTI-TERMITE TREATMENT OF 
SUBGRADE SOIL 

In the normal circumstances use of chemicals against weeds and termites 
is discouraged. However in places where obstinate weed and termites are 
in abundance and the use of anti-weed and anti-termite chemical is 
unavoidable we shall recommend the following treatment. 

5.14.1 	 Treatment for weed-infested areas 

For safeguarding LOPE film against the growth of weeds, weedicides 
(such as Biodex-C, Gammoxone, Fernoxone or equivalent products) 
should be mixed with water in accordance with the manufacturer's 
instruction (3 litres of weedicides mixed with 20'0 litres of water is a 
standard practice), and this solu.tion should be spread over the earth with 
a chemical-spraying pump. The anti-weed treatment should be given only 
after the moisture content of the soil is brought below 29%. After 
completion of the spraying of anti-weed chemicals and before taking up 
the next activity, a period of 24 hours should be allowed for penetration 
of the chemical into the soil. 

5.14.2 	 Treatment against termite damage 

In tropical areas where termites are present, they have been known to 
attack all type of synthetic membranes. Insecticides such as BHC can be 
suitably applied for preventing damage caused by termites. 

5.15 	 DO'S AND DON'TS FOR USE OF L.D.P.E. FILM 
FOR CANAL LINING 

Central Board of Irrigation and Power, New Delhi in their publication in 
the year 1989 "Guidelines for the use of plastics (LOPE film) for Lining 
of Canals" have recommended the following Do's and Don'ts for use of 
LOPE film on canal. 

1. 	 See at the time of purchase that the film rolls are pasted properly. 
Keep the film rolls in original packing prior to actual use or 
laying the film . 

11. 	 Don't leave unpacked film rolls exposed to sun over prolonged 
periods. Store them preferably indoors. 

111. 	 See that uniform pressure is applied while heat sealing the film. 
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IV. Don't rough handle or drag the film rolls 
damaged in the process. 

as the film may got 

v. Don't let workers walk on the film while the lining operation is in 
progress to avoid any damage to the film. If unavoidable they 
should walk barefoot. 

VI. Don't slide the cover material like bricks, tiles etc. on the film to 
avoid any damage and displacement. 

vii. Don't use hooks for lifting the rolls. 

VIII. Don't use reprocessed LDPE film, as the quality of reprocessed 
LDPE film can not be guaranteed and may lead to premature 
failure of the film . 
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Annexm·c - 1 

DETAILS OF CANALS LINED WITH BLACK LDPE FILM IN INDIA 

Name of canal Discharge Type Type Length 
and year of rate of of lined RClllarb 

lining (cumecs) so il lining km 
Bed/Side 

2 3 4 5 <1 

DobUl:ii 
Distributary 
Punjab 1960·61 

2.236 Sandy loam PS/PS .088 Lining intact i :,,: 

400 gaug-: j.j 1m at 
th e bed has remained 
Iret: from prcceptiblc 
damage. 250 gauge 
film got damaged. 

lethuwada 
Distributary 
Punjab 1961 

0.538 -do- PS/SB 1.067 rilm has been found 
intact and free ti·om 
damage caused by weed 
gro\'>1h and water 
insects. 

Hatmati canal 
Gujarat-1962 

11.320 Sandy PB/PB 0.25 Lining intact. 
inspected in 1971 
and again in 1973 , 
was found in good 
condition. 

Film 

3R 
Distributruy 
Ex-Dantiwada 
LB. Canal, 
Gujarat-1966 

3.650 Sandy PB/PB 1.08 Lining intact. 
Seepage trai ls 
conducted in 1968 & 
1970 indicated 
seepage of 0.057 
cumecs/m.sq.m. 
compared to urlined 
0.736 cumecs/m.sq.m. 

Nadiad 
Distributary 
Ex-Mahi R.B . 
Canal 
Gujarat-1972 

99.050 Loessic 
to sandy 
loam 

PB/DT 
(SW) 

6.0 Total lining approved 
was 20 kms. 
Lining intact. 

contd .... 
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2 3 4 5 6 

Sunder sub 

branch 

Ex-Hansi Branch, 

Haryana-1974 

55.185 Sandy PB/OT 

(SW) 

PB/PB 

PS/OT 
(SW) 

PB/PB 

3.8 

1.0 

Lining comp leted in 

1974. 

-do­

24 km. lining was 

proposed during 1975 

Linin g complcted in 

1974 

Cambay Branch 

Gujarar 

66.500 

58.580 

Alluvial PB/PBS 30.2 

12.0 

Lining intar:t. 

Limbasi Branch 

Gujarat. 

84.900 Alluvial PB/PBS 22.0 Lining intact. 

Nadiad Branch 

Gujarat. 

84.900 Alluvial PB/PBS 23.5 Lining intact. 

JLN Feeder 

Canal, Haryana 

93390 PB/PCC 7.0 800 gauge LOPE film 

used in the bed 

lining intact. 

TSMC(N) 

Kangsabati 

Project, W.B. 

1981 . 

0.857 Lateritic PS 1.179 Lining intact. 

TSMC (S) W.B. 

1981. 

21.220 -do- PS 1.219 Lining intact. 

Kangsabat i canal 

Project, W.B. 

(1982& 1984) 

42.450 

84.900 

-do- PS/PS 2.0 

5.0 
Bedwidth 12. 2 m side 

21 1000 gauge LOPE 

tilm. 

Subarnarekha 

Multipurpose 

Project. 

56.600 Sandy PCC/PCC 15.0 Bedwidth 7.6 m 400 

gauge LOPE film. 

Dhaka Cana l 

Bihar-1984 

16.980 Clay PS/PS 2.0 7.6m Bedwidth 1000 

gauge LOPE film . 

contd ... 
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2 3 4 5 6 

Parallel 367.900 Clay M-15 3.0 200 micron LDPE 

Upper Ganga insitu below M-l 5 C.C. 

canal in bedJ Tiles. 

km 6-8.5 & Double 

km 9-9.5 C.C.Tiles 

on sides 

Indira Gandhi 523 .550 Sandy Single 250 micron LDPE 

Nahar Project Soil P.C.c. below P.c.c. Tiles 

1983-84 Tiles in 

bed/Double 

P.C.C.Tiles 

on sides & 

brick lining 

Kangsabati 9.622­ i) 250micron 

Project. 31.130 LDPE+ 60cm 

West Bengal soil cover 

ii) LDPE + 15 cm 250 micron LDPE 

C.C.lining below M-15 CC/soil 

on side & cover. 

soil cover 

of60cm in 

bed. 

Note : 	 Main Source "A manual on canal and reservoir Lining with Agrifilm" Published by I.P.c.L., 
Vadodara. 
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Key: 

PLB - LOPE film with single tile without mortar. 


PS - LOPE film with soi I cover. 


PB - LOPE film with single tile with cement mortar. 


PB (P) - LOPE film with single ti Ie in mortar with pointing. 


PCT - LOPE film with concrete slabs in cement mortar. 


PCC - LOPE film with cement concrete in-situ. 


SB - Conventional single tile lining in cement mortar. 


OT(SW) - Conventional double tile sandwich type H;ling. 


PSC - Polyethylene film with soil cement 100.6. 


PSS - Polyethylene film with size stone. 


PBM - Polyethylene film with brick in CM and top plastered. 


PBS - LOPE film with double brick tiles. 
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Annexure-2 

Details of thickness of L.D.P.E. Film used in various canals 

Name of 

ProjecU 

details 

Type of 

section 

Discharge Depth of 

flow 

Bed slope Free 

Board 

Thickness 

offilm 

in micron (11) 

A! ;;ed At sides 

Covering Material 

At bed At sides 

2 3 4 5 6 7 8 9 10 

(0 
~ GUJARAT 

Mahi RB Canal Project 

a. Anklav Dy. -	 Trapezoidal 3.4m} Isec I.2m 1 in 2000 0.6m 100 100 Soil cover Soil cover 

b. Wansal- Trapezoida 10.16m3/sec 0.45m 1 in 2000 0.3m 100 100 Single tile Single tile 

sub-minor brick lining brick lining 

PUNJAB 

a. 	Bhatinda Dy. Trapezoidal! !.7m 250 250 Brick maso- 30cm earth 

Cup shaped nary 1:3 CM cover 

b. 	Salibuya Cup shaped 0.45m ISO 150 Brick lining Brick lining 
Minor I3CM 1:3 CM 

c. Kingwati Dy. 	 Cup shaped 0.38m3/sec 0.64m 0.45m 250 250 -do- -do­



2 3 4 5 7 8 9 10 

d. Phu\ewala 

Minor 

Cup shaped o -1~1ll "250 25(j -do­ -do-

HARYANA 

<D 
Q1 

a. Israna Dy. 

b. Loharu Feeder 

Channel 

c. JNL Feeder 

Trapezoidal 

-do­

-do­

1.5m I ~I! 

175 

"200 

100 

175 

175 

Brick maso­

nary 1:3 CM 

cement line 

concre:te 

1:3:6 

-do-

Brick maso­

nary I :3CM 

Cement line 

concrete 

1:3:6 

-do-

MADHV A PRADESH 

Tawa Project 

a. Bortolai Dy. 

b. Biora Minor 

Trapezoida 

-do­

10.55ml/sec 

0.06ml/sec 

0.55m 

0.3m 

(\-1.:' :n 

o4~m 

,511 

i50 

150 

150 

30 cm soil 

cover 

30 cm soil 

cover 

30 cm soil 

cover 

30 cm soil 

cover 

WEST BENGAL 

Kangsawati 

Canal Project 

Trapezoidal 9.67 to 

3 1.3 Iml/sec 

1.2m 2".c) 250 60 cm soil 

cover 

60 cm soil 

cover 



2 3 4 5 6 7 8 9 10 

UTTAR PR4.DESH 

a PUGC km6to Trapezoidal 370m3/sec 4.5m 0.75m 200 200 Burnt clay Burnt clay 

8.5 and 9 to 9.5 tile lining tile lining 

b. Harduaganj Dy. -do- 6.75m3/sec 0.86m 0.5m 200 200 -do- -do­

c. Komari Dy. -do- 3.35m3/sec 200 200 -do- -do­

d. Bulandshahr Dy. -do- 3.00m3/sec 0.5m 200 200 -do- -do-

CD 
CJ) 

Dy. = Distributary 



Annexure-3 

COMPARATIVE SEEPAGE LOSSES OF VARIOUS TYPES OF LINING 

SI. Type of lining Seepage losses Seepage losses 

No. m 3/sec/ 106 m 2 in % relative to 

unlined channel 

1. Unlined channel 1.52 100 

2. a. Hard surface (without LDPE film) Lining 

I. First class brick lining 

in 1:4 mortar 

0.470 30.9 

II. Clay tile lining 1:6 mOltar 0.275 18.1 

III. C.C. tile lining 1:6 mortar 0.384 25.3 

IV. 2nd class brick lining 

1:6 mortar 

0.662 43.6 

b. Hard surface (with LDPE film) Lining 

I. 100 micron LOPE film covered 

with clay tile with 1:6 mortar 

0.065 4.3 

II. 100 micron LDPE film on bed 

and sides overlaid with 1st 

class brick. 

0.030 2.0 

iii. 1 00 micron LDPE film on bed 

only overlaid with brick 

masonary using 1:4 mortar. 

0.410 27.0 

IV. 100 micron LDPE film lining 

with 15 cm earth cover on 

bed and brick lining on 

sides in 1:6 mOltar. 

0.064 4.2 
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Annexure-4 

LDPE FILM ON DIFFERENT TYPES OF SOIL 

Details of channel 	 Seepage Remarks 

losses 

m3/secll 06m2 

1. 	 100 micron LDPE film over- 0.044 l. The identical lining 

laid with brick masonary W<:' I" J. 'Iil.' O'l c:hJnn \.+ . 

using 1:4 mortar on clayey " ,j'" tn:dcd ":1 :';: 111(.1\. 

soil. 	 " Ll, '.;:.. ~l! I ,; "' i :: '.! :'!I ! .. 

clayey soil. 

2. 	 100 micron LDPE film over- 0,051 2. It indicates that type 

Jaid with brick masonary of soil is immaterial 

using 1:4 mortar on sand when the channel is 

mixed clayey soils. lined with LDPE film . 

3, 	 100 micron LDPE film over- 0.058 

laid with brick masonary 

using 1:4 mortar on sandy 

soil. 

98 




Annexure-S 

SEEPAGE LOSS IN LINED AND UNLINED MINORS UNDER FIELD CONDITIONS OF uec SYSTEM, HP. 

SL Name of Design Type of Type of lining Average % saving in 

No. channel discharge channel seepage seepage losses 

m3/sec losses due to lining 

rn'/sec/\ 06m2 compared with 

unlined channel. 

<.0 2 3 4 5 6 7 
<.0 

1­ Harduaganj Dy. 

At km 

I. 27.90 6.75 Unlined . 9,0 

II. 27.00 -do- Lined 200 micron LDPE film 

lining overlaid by 

single layer of burnt 

clay tiles in 1:4 

cement mortar. 

() 169 \.) 1 .~ 



2 3 4 5 6 7 

2. KomarOy. 

At km 

\. 1.800 3.35 Unlined 1.995 

II. 0.225 -do- Lined 200 micron LOPE film 

lining overlaid by 

burnt clay tiles 1:4 

cement mortar. 

0.1 40 93.0 

0 
0 

3. Panethi Minor 

Atkm 

I. Tail 0.32 Unlined 1.480 

II. 0.25 -do- Lined 100 micron LOPE film 

lining overlaid by 

bricks in 1:4 cement 

mortar. 

0.188 87.3 

4. Nanau Minor 

Atkm 

I. 7.00 0.396 Unlined 1.139 



2 3 4 5 6 7 


It. 7.00 -do- Lined 100 micron LOPE film 

lining covered with 

brick using 1:4 

mortar. 

0.295 74.1 

5. I. Cheeti 0.311 Unlined 1.304 

Minor of 

Bulandshahr Oy. 

0 

ll . -do­ -do- Lined 100 micron LOPE film 

lining covered with 

bricks using 1:4 

mortar. 

0.150 88.5 

6. I. Machkauli 0.396 Unlined 1.259 

Minor of 

Bulandshahr Oy. 

It. -do­ -do- Lined 100 micron LOPE film 

lining covered with 

brick using 1:4 

mortar. 

0.045 96.4 



Annexure-6 

FIFLD SEEPAGE LOSSES IN OTHER STATES 

State Average Seepage % Saving in water 

loss due to lining 

m3/secll 06m2 compared with 

unlined canal. 

HARYANA 

A. 	 Unlined Canal 2.25 

B. 	 Conventional lined canal 0.43 81 

without LDPE film 

C. 	 Lined canal with LDPE 0.16 93 

film 250 micron. 

GUJARAT 

A. 	 Unlined Canal 2.50 

B. 	 Conventional lined canal 1.00 60 

without LDPE film 

C. 	 Lined canal with LDPE 0.80 68 

film 250 micron. 

WEST BENGAL 

A. 	 Unlined Canal 2.94 

B. 	 Conventional lined canal 0.30 90 

Without LDPE film 

C. 	 Only LDPE film with soil 0.12 96 

Cover. 
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6. EARTH LINING 


6.0 INTRODUCTION 

The lining of an irrigation channel with natural or processed soils is 
termed as earth lining. Such linings may prove economical if suitable 
earth materials are available locally with in reasonable distance. Earth 
linings give best results in canals traversing very pervious reaches such as 
in sandy or gravelly materials. 

In order to reduce the permeability of the available soils and to provide 
stability, bentonite, resinous polymers, petroleum based emulsions, 
cationic asphalt emulsions, sodium chloride, sodium carbonate or soda 
ash and other such materials may be mixed. The proportions indicated 
apply to all types of earth lining, except that the lining thickness may vary 
considerably. A typical section of a compacted-earth lined canal is shown 
in Fig. 1. 

Freezing and thawing action as well as alternate wet and dry cycles are 
serious hazards to most types of compacted earth linings as they reduce 
the soil density and thus reduce the effectiveness of the lining as a water 
barrier. 

The earth linings are susceptible to damage also by erosion and weed 
growth. It is, therefore, desirable that these are provided in canals which 
have stable section, are continuously running and free from weed growth 
and erosion. 

The earth lining can also be used in combination with hard surface lining, 
i. e., earth lining in the bed and brick or concrete lining on the sides as has 
been done in the high filling reach of Upper Ganga Canal (discharge 286 
m3/sec) from km 25.6 to 29.8 where the clay puddle has been laid in the 
69 m width of the canal bed and masonry walls have been provided in the 
sides. 

6.1 TYPES OF EARTH LININGS 

The various types of earth linings are: 

1. Thin compacted Earth Linings 

11. Thick Compacted Earth Linings 
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111. Loosely Placed Earth Linings 

IV. Stabilised Soil Linings 

v. Bentonite Soil Linings 

These are discussed below in detail. 

6.1.1 Thin Compacted Earth Linings 

At locations where highly suitable earth material is available but has to be 
hauld considerable distances, thus necessitating its most economical use, 
thin compacted linings consisting of 15-30 cms layer of cohesive soils 
thoroughly compacted may be used. Generally this is further protected by 
15-30 cms cover of coarse soil or gravel to protect the lining from 
erosIOn. 

In general, the following soils are suitable for compacted earth linings. 

I. Gravel with sand-Clay Binder 

II. Clayey gravel 

iii. Sand with clay binder 

iv. Clayey sands 

v. Clays 

On account of the risk of relatively severe damage that may result from 
the erosion or cleaning operation, thin compacted earth linings have 
found limited use, which has been mostly confined to straight reaches of 
continuous running stable channel where weed growth is not a problem. 
The additional cost of its maintenance may be greater than the difference 
in the initial cost ofthin and thick compacted earth linings. 

6.1.2 Thick Compacted Earth Linings 

Thick compacted earth linings may prove to be the most economical type 
of lining with regard to both first and ultimate costs if the channel is large 
enough to warrant the use of heavy earth moving equipment and a 
suitable soil is available in sufficient quantity without excessive hauling. 
The cheapest linings will be those for which material obtained from the 
required excavation of the canal can be used for the purpose of lining. 
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The equipment operation problems and weather conditions also govern 
the cost of lining as the lining is placed at a proper moisture content. 
Water will have to be added if the soil is too dry and if it is too wet, it 
must be spread for drying up. 

Thick compacted earth lining is usually constructed by compacting 
suitable impervious soil both at the bed and side slopes in horizontal 
layers. The thickness of lining varies from 0.6 to 0.9 m on sides and from 
0.3 to 0.6 m in the bed. The perfonnance of such linings has generally 
been found to be relatively more satisfactory than that of the other types 
of earth linings. It can also withstand considerable external, hydrostatic 
uplift pressure without loss of effectiveness, and it can be used in many 
instances, without drains under the lining in areas the canal prism 
intersects the ground water table and for similar reasons, it can be used to 
advantage over expansive clays. This type of lining utilizes the earth 
moving and compaction equipment employed in the construction of earth 
dams. 

For canals which are subjected to wetting and drying, fat clays can be 
used only when the lining is protected by gravel-sand covel'. Gravels and 
sands with clay binder and poorly graded gravel-sand-clay mixtures are 
best suited for use in thick compacted earth linings, because of their low 
permeability, high stability and good resistance to erosion. Usually, it is 
economical to mix coarse subgrade soils with fine soils from outside to 
make an impervious, stable and blended lining. ]n order to compensate for 
the less thorough mixing obtainable in the field, the silt or clay that is 
added to the coarse excavated soils, should be slightly in excess of the 
percentage determined by laboratory tests. 

After lining, the canal losses should be less than 30 litreIM2/day. If the 
local or imported soils do not have the desired sealing quality at standard 
thickness it may be necessary to increase the lining thickness. 

6.1.3 Loosely placed Earth Linings 

Loosely placed emih lining is constructed by spreading uncompacted 
earth blanket of suitable clayey soils over the bed and sides of the canal in 
layers upto a thickness of 30 cm . This type of lining is not as effective 
and durable as compacted earth lining, although it may reduce seepage 
losses. It is subjected to erosion and scour. 

Soils for loosely placed earth linings should be selected on the basis of 
their impermeability in loose condition. Also they should be able to resist 
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piping of soil fines in the subgrade. Loosely placed earth linings have 
found limited use to check seepage as a temporary measure. 

6.1.4 Stabilized Soil Lining 

Over the years, Investigators and Field Engineers have investigated and 
tried a number of admixtures and chemical agents for controlling seepage 
in canals. These materials ranged from common products such as portland 
cement, lime, bentonite and sodium carbonate to specially designed 
asphalt emulsions, resinous polymers and petrochemicals etc. 

The action of these materials may be physical plugging of pores, 
formation of distinct impermeable membrane or chemical reactions with 
soil constituents. Application of these agents may be made by surface 
spraying, subsurface injection, addition or spraying on the canal water for 
subsequent deposition in the subgrade and mixing with soil. For use in 
irrigation canals, a admixture (soil sealant) must be, nontoxic to human 
beings, animals and crops, reduce seepage less than 0.1 m3 per square 
metre per day, resistant to damage by animals, erosion or hydraulic 
pressures, durable and low in cost. It is experienced that soil sealants will 
produce specific results with certain soils, but produce highly variable 
results with different soils. Also soils treated with chemicals are likely to 
suffer damage if exposed to wetting & drying or freezing and thawing 
cycles. 

Soil linings stabilized with the help of cement shall be discussed in the 
next chapter while two cases each of laboratory research works regarding 
soil stabilization are briefly described below. 

6.1.4.1 Laboratory Research Work 

The following two research works are briefly described below. 

A. Reducing Seepage with Sodium Carbonate 

Studies conducted at Colorado University U.S.A. (Ref. No.1) by 
Mr. lA.Robertson Jr. show that chemical materials may be used 
to reduce seepage losses from ponds and canals. For example, 
Sodium carbonate (Soda Ash) has been found to be an effective 
sealant for clay soils and also is relatively low in cost. 

A laboratory evaluation was conducted to determine the effect of 
varying amounts of Sodium Carbonate on several soils and their 
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properties. Soils from three ponds previously treated with this 
method were used in this study. Properties viz. compaction, 
swelling, permeability and shear strength were investigated. 

The results so obtained indicate that ­

1. 	 Maximum dry densities are found to be increased at 
lower optimum moisture contents for application rates 
less than 0.2% of sodium carbonate by dry weight of 
soil. 

2. 	 Soil stability as determined by swelling & strength 
characteristics, is not changed by the dispersant unless 
rates exceed 0.2%. 

3. 	 Permeability is decreased considerably by the addition of 
as little as 0.1 % sodium carbonate. 

B. 	 Lining of Irrigation Canals by Chemically Treated Soils. 

Because of its location in an arid and semi-arid zone, Iran has 
always suffered shortage of water and therefore, prevention of 
water loss in agriculture had always been an important problem. 
One of the way to reduce water loss is to increase the efficiency 
of the canal system. 

One of the easiest way to reduce permeability of the earth lining 
is to use sodium salts. Sodium ions, upon saturation, ause the 
clay particles to disperse, clogging the pores and reduce the 
permeability. Sodium salts are relatively cheap and easily 
available and besides, prevent growing of weeds on the bottom or 
side slopes of canals. 

Based on the overall results of the experiments conducted by MIS 
Hassan Rahimiand Mahmood Bazar of college of Agriculture, 
University of Tehran, Iran (Ref. No.2) Using the sodium 
carbonate, asphalt emulsion and portland cement, the following 
conclusions are made. 

1. 	 Treatment of the earth canal lining by Sodium Carbonate 
can reduce seepage loss considerably by dispersing the 
soil particles. 
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2. 	 To stabilize the dispersed soil particles, either asphalt 
emulsion or Portland cement can be used. 

3. 	 A mixture of sodium carbonate treated clayey or 
silty-clay soil and portland cement or asphalt emulsion 
can be used as a cheap canal lining which is able to 
reduce the seepage by 95%. 

4. 	 Quality of irrigation water is not much affected by 
chemical treatment of canal earth lining. 

5. 	 Chemically treated earth lining could be easily placed on 
the sides and bottom of irrigation canals or reservoirs. 

Following two field examples are described herein brief. 

Exarnple-l 

Treatment of expansive clay canal lining. (RefNoJ) 

The Friant-Kern canal, part of the central valley project in california, 
U.S.A., extends from the Friant dam on the San Joaquin River east of 
Fresno, south to the . Kern River near Bekers field. The canal was 
constructed during the period 1945 to 1951. It is 245 km long with 
discharging capacity of 113 m sec. (4000 cusecs). Approximately one 
third of the length of the canal from km. 55 to km. 142, passes through an 
area of expansive clay. About one-half of this canal reach is earth lined; 
the remaining part of the canal is concrete lined. 

The canal lining experienced cracking, sliding and sloughing of the sides 
slopes in both the concrete and Earth lined sections of the area of 
expansive clays after 3 years of operation. In the early 1970's, it was 
decided to remove portions of canal lining, flatten the canal slopes and 
reline the canal using compacted soil-lime mixture in an attempt to 
stabilize the slopes. 

Laboratory tests were conducted to determine the amount of lime to be 
added and to evaluate soil-lime lining performance. The test results 
indicated that the clay has a liquid limit ranging from 57 to 70, plasticity 
index from 37 to 46 and shrinkage limit of approximately 8. For 
stabilization ofthe expansive clay soils, 4 percent granular quicklime was 
added to the soil. The addition of lime reduced the plasticity index of the 
soil to about 10, with significant increase in compacted soil-lime strength . . 
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The evaluation of the soil-lime lining in the expansive clay formation · 
consisted of unconfined compression tests, chemical analysis, erosion 
measurements and extensive visual examinations. The inspection and 
testing indicated that the soil-lime canal lining performed excellently with 
no sliding, sloughing or erosion problems. 

Conclusions of Example-1 

1. 	 Since the rehabilitation of the canal lining has not experienced 
and failures in the area where compacted soil-lime was used. 

ii. 	 The addition of lime to the expansive clay modified the volume 
change characteristic of the clay. The plasticity index was 
reduced and the shrinkage limit increased. Consideration should 
be given to additional use of lime to condition wet, expansive 
class. The lime acts as a drying agent and also changes the 
workability and increase the strength of the material and shear 
resistance of the canal lining. 

Ill. 	 The soil-lime lining is extremely erosion resistant. The erosion 
was, in general, restricted to less than 0.03 m after upto 6 years of 
operation. Even there were some locations where the original 
compaction tracks were clearly visible at the time of visual 
inspection which was made after 6 years of canal in operation. 

Example-2 

Lining of Green Valley Reservoir, California, U.S.A.(RefNo.4) 

Since 1967, the U.S.B.R. has been conducting studies on a synthetic 
polymer soil sealant. This material, a polyacrylamide, is supplied in dry 
powder form which contains two active components. When the powder is 
added to water one component is soluble and it penetrates into the soil 
and adherdes on the clay particles to form a seal. The other component 
forms a gel which is intended to plug cracks and larger soil capillaries. 

The material can be applied by several different methods. In operating 
canals, the material can be applied to the surface of the water as a dry 
powder using a blower mounted on the bank or on a boat. Also the 
material can be mixed with polyethylene glycol to form a slurry and then 
to be introduced into the water at the head works, allowing the water to 
carry it downstream. 
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D. Engineering Properties 

Type of Liquid Plastic P.I. Coefficient of 
Bentonite Limit Limit % Penneability 

em/sec 

Kashmir 283 33 250 8x10- 10 

Rajasthan 353 43 310 5x 10-10 

Bihar 120 25 95 6xlO- 10 

Thoroseal 475 55 420 2x10- 10 

A perusal of the above tables indicates that Rajasthan bentonite is better 
than Kashmir or Bihar bentonite, thoroseal being the best among all. 

6.1.6 Activation of Bentonite 

It has been found that on activation, Indian bentonite displays very good 
properties, even better than best American Wyoming bentonites (Ref 
No.5). The Hungarian process of activating the bentonite consists of 
testing bentonite with 1 to 6 percent sodium· carbonate. The most 
important feature of this process is the mixing and kneading of raw 
material in pulverized state with alkali at temperature 80-100°C, a 
moisture content of 30-40 percent and preferably in a closed apparatus 
provided with steam· heating device. It is claimed that the technique 
enable the alkali to react with macro, micro, and sub-microscopic surfaces 
of montmorillonite contained in the bentonite and to that are attributable 
the markedly increased thixotropic properties of the activated bentonite 
than obtained by ordinary sodiumization of bentonite. It is also claimed 
that sodium bentonite obtained by activation process is less able to revert 
back to its original state SUbsequently. Activation of bentonite can also be 
done by 1 percent soap solution. The mixture of soap solution and 
bentonite is thoroughly mixed in churning machine. The mixture is dried 
in sunlight. After grinding the powder is the activated bentonite (Ref 
No.6). 

6.1.7 Methods of Lining 

Following three mathods can be employed for lining the channels with 
bentonite: 
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A. Percentage of Clay Minerals 

Type of Monbnori- I1Iite Chlorite HalIoy- Kaolinite 
Bentonite Ilonite site 

Kashmir 40 25 20 5 10 

Rajasthan 50 20 20 5 5 

Bihar 30 30 10 5 25 

Thoroseal 50 25 15 5 5 

B. Exchangeable Cations m.e./IOO gm. 

Type of K Na Ca Mg H Base exchangeite 
Bentonite _capacity 

Kashmir 75 20 05 100 

Rajasthan 10 100 20 10 10 150 

Bihar 10 50 10 15 85 

Thoroseal 10 100 40 15 10 175 

C. Physical Properties 

Type of Swelling Absorption Ethylene Glycol pF 

Bentonite Moisture ca~% retained % 

Kashmir 225 100 75 1.75 

Rajasthan 325 125 85 2.85 

Bihar 125 85 55 0.95 

Thoroseal 400 150 100 3.15 

Note: 

1. P" indicates water retention capacity of bentonite. 

2. Ethylene Glycol retention indicates capacity of bentonite to react 
with organic compounds. 
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At later stage, the manufacturer recommended blending of this sealant 
with bentonite soil and then compacting the mixture on the subgrade soil 
to form a lining. For this type of mixed in place application, the 
manufacturer recommends using from 5 to 10 kg/m2 of the 
sealant-bentonite mixture. 

In 1973, this method of application was used in constructing a lining for 
the Green Valley Reservoir, California, U.S.A. field reports indicate that 
the sealant is performing satisfactory, although there has been some wave 
action damage to areas of the reservoir slopes. Riprap has been placed in 
those areas for erosion protection. 

6.1.5 Bentonite Soil Linings 

Out of all types of earth linings, Bentonite lining has been found the 
maximum use due to its high impermeability and provides maximum 

"­
potential for development in future. This will, therefore, be described in 
more detail. 

Bentonite is natural earth material in the form of hydrosilicates of 
aluminium with a high percentage of montmorillonite and some beidellite 
as a result of decomposition of material of igneous origin. Tii':- b<lSic 
structural unit of montmorillonite clay has a residual negative charge 
which attracts cations such as sodium and calcium satisfying about 80% 
Of the net negative charge. The bonds between the various units are very 
weak and depend on the nature of exchangeable cations. Bentonite is 
characterised by high water absorption accompanied by swelling. The 
bentonite clays are known as sodium bentonite or calcium bentonite 
depending on the nature of exchangeable cations. 

Sodium bentonites are charaterised by much higher swelling 
characteristics than calcium bentonite due to larger ionic radius of 
sodium. The fact that bentonite does swell and become impervious on 
swelling makes it a very useful material in the control of seepage from 
canals, if it can be obtained from local deposits at low cost. 

In India bentonite is available in Kashmir, Rajasthan and Bihar. In 
addition another variety of bentonite under the trade name of Thoroseal is 
being marketted. Thoroseal is sodium mixed bentonite and also known as 
activated bentonite. The percentage of clay minerals in these bentonites 
and their physical, engineering properties and base exchange capacities as 
determined at U.P. Irrigation Research Institute, Roorkee are given 
below: 
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(a) 	 Bentonite Water Mixture - The channels can be treated with 
bentonite by dispersion or Multiple Dam Methods (Ref No.7). 
These methods are used where soils have large permeability so 
that the seepage velocity of water is relatively higher to carry the 
bentonite into the pores. 

(i) 	 Dispersion Method :- When dissolved in water, bentonite 
particles consist of agglomerations. The dispersion of 
bentonite consist in the breaking of aftlomerations into 
individual particles which can be done either 
mechanically by churning the bentonite suspension or by 
addition of certain chemicals known as dispersants 
which by increasing the electric repulsion between 
adjacent particles, reduce the cohesion between them. 
The chemicals which can be used as dispersants 
(peptizers) are potassium nitrate, potassium carbonate, 
Sodium aluminate, Sodium silicate, Lithium carbonate 
and Sodium hydroxide. 

In the dispersion method water is ponded in the channel 
with the help of temporary bunds. At the upstream end of 
the mix point a check structure with a controlled bypass 
and a screen to catch the lumps are provided. Bentonite 
fed from air sl ide hopper, is mixed with pumped water to 
produce bentonite sluny. Intake pressure is kept about 
2.5 kglcm2

• The mix efficiency increases with increase in 
pressure. With the help of 10 cm pump and 5 cm jet, 90 
kg of bentonite can be mixed in a minute. The feed rate 
of bentonite is adjusted till it gives-lump free and smooth 
slurry. Undispersed lumps are collected & broken with 
the help ofjet of bubbling air. About 1 percent or slightly 
higher concentration of bentonite is maintained in the 
pool. Clear water is admitted through the bypass to 
produce 1.2 percent concentration at the test point 
(Figure.2) This will keep the concentration of the entire 
pond at I percent or higher. The banks and bottom ofthe 
channel are harrowed to ensure proper mixing. Pending 
should last for two days. After this the canal is kept full 
of water to prevent cracks due to drying. This method is 
used in sandy soils. 

Sodium bentonite produces best results in soft water. 
When sodium bentonite is' dispersed in hard water, 
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particle flocculation and setting out occurs. Calcium 
bentonite reacts in similar manner but at faster rate. This 
problem can be countered by using a chemical dispersing 
agent. Main action of the dispersing is to soften the 
water. The quantity of dispersant required for calcium 
bentonite would be more than that required for sodium 
bentonite. 

The roots of weeds should be removed properly before 
bentonite treatment. The feed rate of bentonite should be 
slow to obtain thin and lump-free slurry which is easy to 
disperse in the diluting water. Whenever erosion or 
shifting of bed is noticed, immediate steps should be 
taken to stabilise the banks and to retreat the section with 
bentonite. 

(ii) 	 Multiple Dam Method:-A number of temporary bunds, 
made of sealing mixture, consisting of 30 percent or 
more of activated · bentonite and locally available 
blending material such as wet saw dust, natural silt or 
coarse clays are constructed (Fig. 3). 

Where the bund is overtopped by the flowing water, it 
breaks up into a lump slurry which flows into the leaky 
holes and plugs them. At least 5 kg of bentonite is 
required for every 1 sq.m. of wetted area. This method is 
found effective in rocky to gravelly materials. 

(b) 	 Bentonite Soil Mixture:- This method is recommended for sandy 
soil.Local sandy soil is mixed in place with bentonite to form 
5-10 cm thick finished lining. The optimum percentage of 
bentonite ranges between 5-25, which should be predetermined in 
laboratory. This type of lining can be used without protective 
cover where velocities are low. With higher velocities a 
protective cover is recommended. 

(c} 	 Bentonite Membrane Lining:- In this method a 3-:5 em thick 
bentonite membrane is laid over the bed. The membrane is 
protected by 15-30 cm thick soil cover or by a layer of tiles or 
brick. This type of lining is suitable for continuous running 
I>hannels. 

Bentonite lining is subject to damage by weed growth and 
cracking due to drying. It is not strong and durable. The lining 
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has been used in U.S.A. for channels carrying discharge upto 4 
m3/sec. Experiments have been conducted at U.P. Irrigation 
Research Institute, Roorkee to determine the stability of bentonite 
as a lining material.A 5 cm thick layer of 20,30 and 40 percent 
unactivated bentonite sand mixture was laid over the bed and 
protected by 12.5 cm thick soil cover. The experiments indicated 
that mixture of 20-30 percent of bentonite with soil was effective 
in reducing seepage losses and further increase in bentonite 
percentage did not result in proportional decrease in seepage 
losses. The lining was damaged by weed growth and was not 
strong and durable. Experiments on bentonite lining, consisting 
of 5 to 8 cm thick layer of unactivated bentonite protected by tiles 
lai'd in cement mortar was found inferior to tile lining with plaster 
layer. 

6.2 DESIGN STANDARDS 

Usually velocities ranging from 0.3 to 1.3 mlsec are permitted through the 
earth linings. The velocities may vary depending on the type of lining 
material used. If higher velocities have to be permitted, a gravel can be 
provided to preventerosion;-Large curvatures in the canal are generally 
avoided as otherwise the outer bank may get damaged due to scour. 

The value of Manning's ' n' is taken as 0.025 for canals having discharge 
less than 3m3/sec. For large canals, this value is taken as 0.0225 or 0.020. 
The bed width and water depth ratio is usually about 3 for small canals 
and 8 or even higher for large canals. The side slopes in earth lined canals 
are generally kept 1.5: 1 or flatter depending on the size of the canal, the 
type of subgrade and lining provided. The minimum free board to be 
given may be determined from Fig. 7 ofthe chapter 2. 

The subgrade treatment depends upon the subgrade material. In some 
cases subgrade material may be used as a part of the lining. Where 
subgrade consists of fine grained soil, it is ploughed and compacted. In 
case of sands and sandy gravels, no subgrade treatment is required. 
However, if the subgrade contains open voids, such as in the case of 
gravel and fractured rocks, it may be necessary to over excavate and place 
a sand-gravel filter layer before placing the lining to avoid piping. 

6.3 SEEPAGE CHARACTERISTICS OF LINING 

Seepage losses through various types of earth linings have been measured 
by U.S.B.R. under the programme of low cost canal linings. These are 
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given in annexure-I. It may be seen from the annex. that the seepage 
losses through thick compacted earth linings and loose earth linings range 

2 3 2from 0.03 to 0.28 m3/secll06m and from 0.18 to 0.53 m /secll06m 
respectively. The observed seepage losses through loosely placed earth 
linings range between 1.32 and 1.66 percent of the canal discharge per 
kilometer. 

6.4 CONSTRUCTION DET AaS 

Before using the available soils for lining, their maximwn density, 
optimum moisture and permeability should be determined in the 
laboratory. Construction specifications should require a minimum inplace 
density sufficiently high to provide some excess over apparent 
permeability requirements. This requirement, usually 95 percent of the 
proctors density, is established from a knowledge of soil characteristics 
and the construction practices and equipment. Preliminary field tests may 
be carried out with the equipment to be used in the construction of the 
lining to determine the minimum inplace density. If compacted to higher 
densities, soils that are less suitable from permeability considerations may 
often prove satisfactory. Laboratory tests have clearly indicated that with 
the stable side slopes normally used, linings can be placed at moisture 
content somewhat higher than the optimum because the permeability of a 
soil generally decreases with the increase in placement moisture. Fairly 
satisfactory compaction is accomplished with the help of sheep foot 
roller. 

In the case of thin earth linings, best compaction is accomplished by a 
final rolling by smoothroller after compacting by sheep foot roller. 
However, other equipments have also been satisfactorily used. The 
method consists in operation of the equipment along the berm. Side 
slopes are compacted by the longitudinal operation of the compaction 
equipment with roller tied to heavy mobile equipment on the berm. 

In case of thick compacted linings, both the bottom and side slopes are 
compacted in successive horizontal layers not more than IS cm thick after 
compaction. To line the canal, 1-3 metre wide successive layers on the 
side slopes can be overbuilt as required to accommodate the conventional 
large earth moving and compaction equipment and then trimmed to 
required lines. The actual thickness of the lining on the sides is kept 
usually about 0.6 to 0.9 metre as measured normal to the slope. Lining in 
the bed is kept 0.3-0.6 metre thick but may also vary with the requirement 
of the job. 
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7.0 

7. SOIL - CEMENT LININGS 


INTRODUCTION 

Cement has since long been used with success in the construction of 
cast-in-place concrete and mortar linings, and precast concrete blocks and 
slabs. More, recently, it has been combined with soil to produce 
soil-cement linings for use under mild exposures and with possible saving 
in cost. Thus, as the name implies, soil-cement linings are made up of a 
mixture of portland cement and the natural soil. 

Soil-cement offers possibilities for use as a canal lining material in 
localities where the climate is mild and,where the subgrade soils or those 
adjacent to the canal are of a sandy in nature and other suitable materials 
are not readily available. Although different types of soils, as available at 
site, can be considered fit for use as a lining material, laboratory tests 
indicate that for best results soils for this purpose should be well graded 
with a maximum size of 20 mm and contain between 10 and 35 percent 
fines passing the Indian Standard sieve No .8. However, this type of lining 
is not weather-resistant. Its life is comparatively short and maintenance 
charges relatively high. 

Soil-cement lining is a type of exposed lining as it exposes the water 
barrier to the wear, erosion and deterioration due to flowing water and 
also to other hazards. It may also be included in the category of hard 
surface linings like cement concrete, brick, stone and cement mOJtar 
linings. However, like other hard surface linings, it does not permit 
velocities higher than those in an unlined canal and its merit lies only in 
the reduction of seepage losses and prevention of waterlogging in the 
adjoining areas. Whereas other hard surface linings may be provided in 
new canals where high flow velocities are to be maintained to reduce the 
excavation cost or even in the existing canals to increase their 
water-carrying capacity; soil-cement lining may be used in the existing 
canals where the primary purpose of lining is the reduction in seepage 
losses. In fact, soil-cement lining is a low cost lining which sometimes 
affects considerable saving as compared with portland cement concrete 
lining. It is considered fit for minor canals with low velocities. 

There are two types of soil-cement linings: compacted and plastic. The 
former type also known as standard soil-cement lining is compacted to its 
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maximum density keeping the moisture content of the mix at about 
optimum. Tests to determine and control the optimum cement content are 
carried out in the laboratory. However, about 2 percent increase in cement 
content is allowed to ensure adequate resistance to the flow of water. 
Such linings have been used in some cases, but not with a measure of 
success. 

Plastic soil-cement lining is laid with soil-cement mixture in plastic form. 
This type of lining has higher water and cement contents and a 
consistency (and hence workability also) comparable to that of concrete. 
These properties permit placement of plastic soil-cement linings by 
means of a slip form similar to that used in the placement of portland 
cement concrete linings. Properly manufactured and applied, plastic 
soil-cement has been found to approach in serviceability portland cement 
concrete, if conditions of exposure are not severe. 

7.1 GENERAL DESIGN CONSIDERATIONS 

While proposing to provide a soil-cement lining in a canal the following 
points should be taken into consideration: 

(i) 	 The side slopes for most canals should not be kept steeper than 
1~ : 1. 

(ii) 	 A firm foundation ia a prerequisite to the success of soil-cement 
lining. It will reduce, as far as possible, the amount of cracking 
and the danger of failure due to settlement of the subgrade. 
Undisturbed soils are often satisfactory for a foundation of lining 
without further treatment. However, natural in-place soils of low 
density should be thoroughly compacted or removed and replace 
with suitable material. 

(iii) 	 Reaches with expansive soils 

Lining should be avoided, as far as practicable, on expansive 
clays. But, if the canal has to traverse a reach of expansive clay 
and no alternate route or construction type is economically 
feasible, any of the practices detailed below shall be adopted to 
reduce the damage to the lining depending upon the swelling 
properties of the soil encountered. 

If the expansive clay is in thin layer or in small pockets in an 
otherwise suitable subgrade it shall be over-excavated and 
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Sand (0.02 to 2.0 mm) content not less than 35 percent by weight, pH 
value 8.0 to 12.0, and organic matter < 1 percent. 

The Central Board ofIrrigation and Power specifications stipulate that the 
quantity of portland cement used for soil-cement blocks shall be 5 percent 
by weight of the dry soil. 

(x) 	 Cracks in soil-cement lining may develop due to moisture and 
temperature variation or due to differential settlement of 
subgrade. The cracks in soil-cement lining can be minimised by 
laying the lining in panels of su itable size and by properly seal ing 
the joints between adjacent panels. If the grooves are properly 
formed and spaced, cracking will usually occur at these 
predetermined planes of weakness. 

Experiments on soil-cement lining reported by the Karnataka Engineering 
Research Station, Krishnarajasagar show that there is practically no 
cracking when the standard type of soil-cement lining is laid in slabs 
having a width of 1.55 m. A joint filler of sand mastic with blown grade 
of bitumen has been involved at U.P. Irrigation Research Institute, 
Roorkee for the expansion joints of Yamuna Power Channel. This joint 
filler is economical and laboratory tests have indicated that its 
performance is better than that of other joint filling compounds. 

7.2 CONSTRUCTION DETAILS 

7.2.1 Field Control 

The following factors shall be checked for controlling field operations 
during the progress of the work: 

(i) 	 Subgrade Condition: Prior to placing of the soil-cement mix the 
condition of the subgarde shall be checked to ensure that it is 
well compacted (to a density not less than 95 percent of the 
standard maximum for the soil) and clean and the surfac~ is 
moist. 

(ii) 	 Cement Content : An adequate cement content is a primary 
control factor deserving maximum attention in the field. Samples 
of the mixed materials from a batch shall be frequently examined 
to ensure that they are uniform in colour and texture. 
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(iii) 	 Moisture Content : The moisture content of the soil and the 
soil-cement mixture shall be checked at regular intervals prior to 
batching, . whenever the source of soil is changed from one 
stock-pile to another, and also after mixing. 

(iv) 	 Compaction of Soil-Cement Mix : The dry density of the 
compacted soil-cement mix shall be measured at a spacing of 100 
in along the length of canal at points widely distributed across the 
bed and slopes. In no case shall the measured dly density fall 
below the specified maximum dry density by more than 80 
kg/m3

• For plastic type soil-cement lining the dlY density 5 to 10 
percent less than specified for standard type soil-cement shall be 
acceptable. 

(v) 	 Thickness of Processed Layer : This shall be checked 
continuously during the construction to ensure that the correct 
thickness is being laid. The thickness of the compacted layer 
shall be measured in conjunction with the dry density. 

(vi) 	 Regularity of Surface: There shall not be any depression in the 
level of the final surface, either transversely Or longitudinally of 
more than 5 mm under 3 .m template of straightedge. 

(vii) 	 Curing: It shall be ensured that the surface of the soil-cement is 
maintained moist continuously throughout the curing period by 
checking frequent intervals. 

7.2.2 Control of Cracking 

If the soil-cement mix is compacted at the optimum moisture content and 
to the maximum dlY density there should not be significant cracking when 
sandy soit-is used. Anyhow, the cracks can be minimised by minimising 
the rate of evaporation from the finished surface. 

In plastic type soil-cement lining there are likely to be more cracks than in 
standard type. Therefore, relatively greater effort will have to be made to 
minimise evaporation by keeping it covered with used wet gunny bags or 
moist straw, etc. This provision is only ofcourse possible during 
construction period and therefore the use of plastic type linings to be 
discouraged. 
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7.3 LABORATORY STUDIES 

In India, some experimental studies on soil-cement lining have been 
carried out at two Research Stations, viz: 

(i) 	 Karnataka Engineering Research Station, Krishnarajasagar, and 

(ii) 	 Land Reclamation, Irrigation and Power Research Institute, 
Punjab, Amritsar. 

The details of the studies and their results are reproduced as below: 

K.E.R.S., Krishnarajasagar : Five percent soil-cement lining gave a 
2 seepage of 1.34 m3/secl 106m of wetted area. The high rate of seepage 

was due to formation of hair cracks. Hence prevention of cracks assumed 
importance. Soil-cement slabs 6.1 m long, 0.9 m wide and 7.6 cm thick 
were, therefore, provided with 20 gauge steel wires near the surface at 0.6 
cm depth. The wires were arranged at a different spacings, viz, 12.7 cm, 
15.2 cm, 17.8 cm and 22.9 em centre to centre. Distribution wires were 

. spaced at 38.1 	 cm centre to centre. After three months, surface cracks 
were noticed in the slab with reinforcement wires at 22.9 em centre to 
centre and others did not develop any cracks. 

An additional coat of 1:4 cement mortar over 5 percent soil-cement was 
also applied, as it was felt that 5 percent soil-cement by itself might 
gradually disintegrate under continuous flow. The seepage through this 

3 2lining was found to be 0.00483 m /sec/l06m of wetted area. 

Based on these test results it was proposed to use 20 gauge steel wires 
just at the surface of lining as a measure to prevent the possible formation 
of hair cracks over the surface. Use of 7.5 percent soil-cement lining was 

. also recommen"ded in cases where occurrence of salt was anticipated in 
the neighbourhood. 

L.R.l.P.R.I., Amritsar : Experiments conducted on soil-cement blocks 
showed that these require skilled labour and have a very limited useful 
life. The reduction of seepage losses is also not very great. Five percent 
soil-cement blocks when subjected to moi,<Kening were found to indicate 
an increase of 0.167 percent in length. 

7.4 FIELD PERFORMANCE 

Experience has shown that the soil-cement lining is not weather resistant, 
its life is comparatively short and maintenance charges are relativel y high. 
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3 	 42 

As above 	 Plastic After 12 years of ser-

Soil: as above ice,in fair,condition. 

Portland cement: 16% 

Thickness: as above 

Installed in 1945 

As above 	 Plastic After 10 years of 

Soil: poorly graded service the lining 

silty fme sands with 11.1 % cement 

Portland cement: content was badly 

4 different sections deteriorated. The sec­

containing 11 . I to tions with 14.5 to 

22.2 % 22.2 % cement content 

Thickness: all sec- were in fair to good 

tions 8 cm (3 in) condition and still 

Installed in 1 947 effective in reducing 

seepage losses . 

Canal on the Boise Plastic After 14 years of 

Project, Idaho, Portland cement: service, still in very 

U.S.A. 	 14.3 % good condition. 

Experimental reach 	 Thickness:not quoted 

Installed in 1948 

Storage Dry-mix After 23 years of 

reservoir, Portland cement: 12% service, the soil-

Port Isabel, Soil Moisture cement was still per-

Texas content: 18 % forming satisfactorily 

Thickness: 10 cm and the maintenance 

(4 in) had been negligible. 

constructed in 1945 

Drainage canals, Dry-mix In good condition 

Calverton, Long (mixed in place) after 4 years, except 

~ Island, New York 	 Soil: sand of open for some deterioration 

texture with no on steep slopes. 

binder (cause: non-uniform 
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2 3 4 

Portland cement: 14.5% mixing of cement and 

Cured with asphalt soil and inadequate 

emulsion compaction). 

Thickness:not quoted 

Drainage canals, Plastic Very effective after 8 

U.S. Naval Soil:sandy with years of service. Very 

Auxiliary Air 10-20 % silt, scar- little, if any, notice 

Station, Whiting cely any clay able deterioration has 

Field, Florida Portland cement: 13% occurred. 

Thickness: 13 cm(5 in) 

Cured with wet earth 

or curing compound 

Small irrigation Dry-Mix "Seepage losses as soc­

canals of the Eden (Machine mixed) iated with intennit-

Project, Wyoming, Soil: sandy with tent use seldom 

U.S.A. high sulphate justify lining field 

Field tests for content ditches on the basis 

the evaluation Portland cement:9 % of the value of the 

of dry-mix soil­ (design); 5.2-5.8 % water saved in this or 

cement linings (actual) 12% design; other areas. Ditch 

6.5 % (actual) stability may be all 

Thickness:not quoted that should be sought. 

If this is assumed, 

soil-cement even that 

of poor quaJity has 

been reasonably effec­

tive for a period of 

10 years." 
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8. LINING OF CANALS IN EXPANSIVE SOILS 

8.0 INTRODUCTION 

8.0.1 Origin of Expansive Soils 

The parent material that can be associated with expansive soils may be 
classified into two groups. 

The first group comprises the igneous rocks such as basalt of the Deccan 
Plateau in India, the dolerite in the central region of South Africa and the 
gabbros in the west of Pretoria North, Transvaal. In these soils, the 
feldspar and pyroxene minerals of the parent rocks have decomposed to 
form montmorillonite and other secondary minerals. The second group 
comprises the sedimentary rocks that contain montmorillonite as a 
constituent which breaks down physically to form expansive soils. 
Montmorillonite is therefore the main source of expansive soil. 

The montmorillonite was probably formed from two separate origins. The 
products of weathering and erosion of the rocks in the high lands were 
carried by streams to the Coastal plains. The fine grained soils eventually 
became shale accumulating in the ocean basin. Meanwhile, volcanic 
erruptions, sending up clouds of ash, fell on the plains and these ashes 
were changed to montmori.1lonite. 

8.0.2 Distribution of Expansive Soils 

G.W. Donaldson summarized the distribution of reported instances of 
expansivesoils-around the world. Expansive soils are found in abundance 
where the annual evapotranspiration exceeds the precipitation. This 
follows then the theory that in semi-arid zones, the lack of leaching has 
aided the formation of montmorillonite. Potentially expa~sive soils can be 
fOWld almost anywhere in the world. 

Expansive soils found in India, contain rnonnnorilionite or combination 
of montmorillonite and illite clay minerals. They cover about one third of 
the total surfacial deposits of India, predominantly in the states of 
Maharashtra, Madhya Pradesh, Gujarat, Andhra Pradesh, Karnataka, 
Tamilnadu, Rajasthan, Orissa, Bihar and Uttar Pradesh. The majority area 
of expansive soil is found in the above first five states. Expansiw soils 
are locally known as 'Black Cotton Soils'. Deep deposits of such soils, 

.f 
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cover some 73 million hectares or about 22.2% of the total Geographical 
Area of the Country. 

,8.0.3 Dam:age caused by Expansive Soils 

The problem of expansive soils was not recognized by soil engineers till 
1930. Considerable damage has taken place in India over years to canals, (roads buildings and other engineering structures on or with the use ofthis 
soil. As such there is great reserVation among engineers for using them on 
important construction works. Sustained research extending over the last 
40 years in this country and abroad reveals considerable progress that has 
taken place to develop a rational approach to the design of canals on 
expansive soils, nick named as 'Hidden disaster' by Jones and Holts. 

To bring greater efficiency in irrigation water management, irrigation 
canals were lined in India and lining process is also continuing on most of ~ 
the new irrigat~en projects. However, lined canals passing through 
expansive soils suffered large scale damages, some even before their 
operation. Most of such canals where failure have taken place were lined 
by conventional methods without properly accounting for swelling, 
swelling pressures and the corresponding reduction in shear strength . 

8.0.4 Research and Field work done in India 

Research work in India and abroad over the past 40 years, led to the 
invention of cohesive non-swelling soil (CNS) that counteract effectively 
the swelling pressures of even as high as 3 to 5 kg/cm2 with the 
interposition of 1.0 to 1.25 m of CNS layer between the lining and the 
swelling soil base. The CNS layer effectively prevents the swelling of the 
underlying soils and retains their high intrinsic shear values even under 
variable moisture conditions ranging from insitu to saturation level. In 
other words, the composite swelling soil i.e. CNS system for all practical 
purposes behaves as a normal soil system, provided the thickness of the 
CNS layer is adequate. 

Field observations have revealed that, even in case of swelling soils, the 
swelling phenomena are confined within a small depth of 1.0 to 1.5 m 
below the swelling surface. At and below this depth the expansive soils, 
on its own can develop enough cohesion, starting from zero at the surface, 
to swelling pressure. 
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8.1 IDENTIFICATION OF SWELLING SOIL 

(a) 	 Expansive soils are those which during their moisture content 
increase, exhibit heave and if arrested, exert swelling pressures 
on the structure retaining the heave. Walking over such soils is 
rendered difficult after heavy rains. 

(b) 	 Thorny bushes, thorny trees (Babul) and cactus constitute the 
normal vegetation in such soils in India. During summer, wide, 
deep and map type cracking is normally observed in the area. 

l 

(c) 	 Buildings and other light structures like warehouses constructed 
using conventional methods exhibit heaving of floors, cracking of 
walls and jamming of doors during rainy season. 

~ 8.1.1 	 Field Identification of Expansive Soils 

Landslope Normally 0 to 2° 

Colour Black, grey, yellow and 

Drainage Generally poor 

8.1.2 Physical and Chemical properties of Expansive Soils 

The grain size, index and other physical and Chemical properties of such 
deposits expressed in percentage are in the following ranges. 

(a) 	 Gradation 

Clay (less than 0.002 mm) 50 to 70% 

Silt (0.002 mm to 0.060 mm) 20 to 35% ~ 
Sand (0.060 mm to 2.00 mm) 30 to 50% 

Gravel (greater than 2.00 mm) upto 10% 

(b) 	 Dry density 

1300 to 1600 kg/m3 at 1.5 m below the ground level and 
moisture content 22 to 30%. 

137 



(c) Index properties 

Liquid limit 60 to 100% 

Plastic limit 30 to 50% 

Plasticity index 30 to 40% 

Shrinkage limit 8 to 12% 

(d) Chemical composition of expansive soils 

Si02 content 45 to 58% 

AbO) content 13 to 18% 

CaO content 1 to 8% 

MgO content 2t05% 

pH value 8 to 8.5 

8.1.3 Mechanics of Swelling 

If the environment of the expansive soil is not changed, swelling will not 
take place. Environmental change can consist of pressure release due to 
excavation, changes caused by temperature increase and volume increase 
because of the introduction of moisture. By far the most important 
element and concern to the practicing engineer is the effect of water on 
expansive soils. 

The most common method of moisture transfer is by gravity. The seepage 
of surface water, precipitation and snow melting into the soil are common 
examples. The moisture migration can occur in all directions. Under 
artesian condition, the flow can be upward. 

The moisture content variation with depth in a homogeneous soil may 
vary considerably. The depth of seasonal moisture content fluctuations 
depends on the variation of surface moisture, penneability ofthe soils and 
climatic conditions. In areas where precipitation and evapotranspiration 
are fairly constant, this depth may be only a metre or so. When a long 
drought is followed by an intense rainfall, the depth of moisture variation 
can reach 3 m or even more. It should be noticed that watering of lawns, 
planting of trees and shrubs, discharge of roof drains etc. may cause the 
depth of moisture variation as high as 7 to 8 m. 
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8. 1.4 	 Swelling Pressures 

From research and field observations, the following conclusions have 
been drawn regarding the swelling pressure developed as a result of 
wetting of expansive soils. 

(a) 	 The swelling pressure of clay is independent of the initial 
moisture content, degree of saturation and the thickness of the 
stratum. 

(b) 	 The swelling pressure increases with the increase of initial dry 
density. 

(c) 	 For undisturbed soil, the swelling pressure can be defined as the 
pressure required to keep the volume of soil at its dry density 
constant. 

(d) 	 For remolded soil, the swelling pressure can be defined as the 
pressure required to keep the volume of a soil at its maximum 
proctor density constant. 

(e) 	 Swelling pressure can be used as a yard-stick for measuring 
swelling soil. Swelling pressure reflects only the swelling 
characteristic of the soil and will not be changed by placement 
conditions or environmental conditions. 

8.2 	 FIELD INVESTIGATIONS OF COHESIVE NON-SWELLING 
SOILS 

Cohesive Non-swelling Soils (CNS) are those that possess cohesion to 
varying degree but do not exhibit heaving during saturation. The clay 
minerals normally present in such soils are of non-expanding type 
including Illite and Kaolinite. Most murums exhibit CNS characteristics. 
Yet some murums may be of swelling type. Unlike swelling soils, they do 

-not exhibit cracking during summer, nor heaving and stickness during and 
after heavy rains. Structures constructed on such soils do not exhibit 
heave though they may sometimes settle. 

8.2.1 	 Field Identification of CNS 

Colour 	 Red, reddish yellow, brown, yellow, white, whitish 
grey, whitish yellow green and greenish grey. 
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Knowing HI, the approximate position of phreatic line can be obtained by 
joining the point M at the inter-section of the phreatic surface and the 
dividing line with the canal and drainage water lines respectively. 

12.3.3 Infinite Depth of PermeabJe Med ium with very Deep Wate ..~table 

The solution for this boundalY condition was obtained by Vedernikov 
with the help of conformal mapping. The seepage discharge, q per unit 
length of channel is given by (Ref.6): 

q = k (B + AH) 	 ... (11) 

where, B = surface width of channel ; H = water depth inside channel ; 
and A is function of geometry of canal. The value of A is obtained from 
Fig. II(c) for the known values of B/H and m, where m = cot a and a = 
side slope angle. 

12.3.4 Example 1 

Following are the physical dimensions of a canal for which seepage 
discharge and free surface on either side are to be determined (Fig. 12). 

I. 	 Bed width B 90 m 

II. 	 Water depth H 4.438 m 

Ill. 	 Side slope angle a 0.463 1[ 

llight side of channel 

I. 	 Drainage distance L 500 111 

II. 	 Difference in channel and h 2.175 m 

drainage water-level 

Left side of channel 

I. 	 Drainage distance L 4362 m 

II. 	 Difference in channel and h 2.947 m 

drainage water-level 
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Assuming drainage to be vertical the values of (3 and yare obtained from 
Figs. 4(b), 5, & 6 as 3.5 and 104 respectively for right side. The 
conesponding values for left side are 3.416 and 7,500. The seepage losses 

3work out to 0.088 m3/seclkm and 0.108 m /sec/km on the left and right 
sides respectively. The coordinates of free surface have been determined 
from Figs. 4(b) and 8 and plotted in Fig.12. 

If in the problem, impermeable boundary is located at a depth of 50 m, 
the seepage discharge by Dachler method is obtained as below: 

B 94.44 m (surface width) 

H2 50 m 

L on right == 500 m 

L on left 4362 m 

Ho on right 50.00 - 2.175 ==47.825 m 

Ho on left 50.00 - 2.947 == 47.053 m 

The values of Ll work out to 427.78 and 4289.7 for the right and left 
sides ofthe channel respectively. The seepage losses from Fi~. 11(b) and 
above equation work out to 0.0035 m3/sec/km and 0.0225 m Isec/km on 
the left and right sides respectively. It is, therefore, seen that seepage 
discharges determined by this method are less as compared to the values 
obtained for infinite depth of pervious stratum. 

12.4 SEEPAGE FROM LINED CANALS 

An assessment of likely seepage losses from lined canals can be made by 
theoretical method for steady state condition. The direct measurement of 
seepage after construction of canal can also be made by the 
inflow-outflow, ponding and tracer techniques although there may be 
large errors due to quantity of seepage being very small. 

The seepage from a lined canal depends upon the thickness and 
permeability of lined material in addition to the factor on which the 
seepage from unlined canal depends. Referring to Fig. 13, the seepage 
discharge through the lining of a channel, which is homogeneous and free 
from leaky joints, is given by : 

hiq=P.k l -

t 

.....(12) 
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where, 

p perimeter of the channel 

k~ := permeability of the lining 

t thickness ofthe lining 

hi head loss through the lining. 

This quantitY of seepage discharge would flow to the natural drainage 
through the sub-soil under the residual head (h-hl), and is given by : 

k(h
q 
_ h \ =f(~ /y) =C 

I 

.... . (13) 

where, k is the permeability of sub-soil material and value of c is obtained 
from Fig. 7. 

Eliminating hi from above equations 

c.P.kh 
q=-­

crt + P 
..... (14) 

where, r = klk l. Knowing values ofP, r, t and c, the seepage discharge q is 
obtained from above equation. 

The free surface due to seepage from lined canal would have a drop of hi 
through the lining, and thereafter would correspond to the free surface as 
obtained for seepage from unlined canal under a residual head of (h-hl)' 
Fig. 13 coordina!es being obtained,from Figs 4 and 8 as explained in para 
12.3.1. 

Due to very small quantity of water seeping from a lined canal, it would 
take considerable time to attain steady condition. In case of 1 ined channels 
running intermittently, the steady state condition may not be attained at 
all. Thus the main advantage of canal lining is t~at besides reduction in 
discharge, the development of free surface is considerably delayed, thus 
restricting the rise in water-table to inappreciable level. 
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Table - 1 

Seepage loss in Unlined Canal 

SI. 

No. 

Name of 

Canal 

Reach Chainage 

(km) 

Season Method of 

Observa­

tion 

Seepage 

Loss 

(Cumecs/ 

M.Sqm.) 

Average 

(Cumecs/ 

M.Sqm.) 

2 3 4 5 6 7 

Main Canal (0 to 21.4) Kharif 10 3.8 3.8 

1. Upper Ganga 
Canal 

(40 to 48) 

( 128-154.2) 

(154.2-164.6) 

(128-164.6) 

(154.2- 164.6) 

(249-267.6) 

Kharif 

Rabi 

Rabi 

Rabi 

Kharif 

Kharif 

10 

SM 

10 
IO 
10 
10 
SM 

IO 
SM 

2.694 

2.519 

3.28 

2.30 

2.71 

2.43 

2.412 

2.33 

2.603 

2.5 

Branches 

2. Anupshahr 
Branch 

(0-32) Kharif IO 
SM 

2.43 
1.957 

3. Mat Branch (43.8-74.8) 
(83 .2-95 .2) 

Rabi 
Kharif 

10 
IO 
SM 

1.70 
1.242 
1.536 1.795 

4. Hathras 
Branch 

(0-32) 

(16-29.6) 

Kharif 

Rabi 

IO 
SM 
10 

1.34 
2.054 
2.10 

contd.. .. 
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2 3 4 5 6 7 

Distributories 

5. Thansipur Dy. (5.6-9.6) Kharif 10 2.42 

6. Etherpura Dy. (4.8-6.4) Kharif 10 1.98 

7. Shakrauli Dy. (0.2-6.6) Kharif 10 5.19 3.85 

8. Toshigarh Dy. (0-7.6) Kharif 10 5.81 

Minors 

9. Godd Judd Mr. Kharif p 0.99 

10. Magai Mr. Kharif p 1.60 

11. Solani Mr. Kharif p 1.02 1.39 

12. Kulsath Mr. Kharif p 1.65 

13. Rankhandi Mr. Kharif p 1.96 

14. Said Pur Mr. Kllarif p 1.12 

Abbrevations : 

IO 
SM 
p 

Inflow Outflow, 
Seepage meter, 
Ponding 

228 




Table 2 

Some Characteristics of Commonly used Artificial Radio-active 
Tracers in Hydrology 

Isotope Half Life Max. permissible Min. amount detectable 
Concentration in in water 
drinking water 

!..l Ci/ml !..lCi/ml 

3H 12.26 yrs 3xIO·3 1xl 0-6 

(Tritium) 

24Na 15.0 Hrs 2xIO-4 1 x 10-8 

(Sodium) 

5I cr 27 .8 days 2xIO-3 8xlO-7 

(Chromium) 

58eo 71.0 days IxIO-4 6xIO-8 

(Cobalt) 

828r 35.7 Hrs 3xlO-4 2xlO-8 

(Bromine) 

1I6mAg 249 days 3xlO-5 3xlO-8 

(Silver) 

131r 8.05 days 2xIO-6 8x10-8 

(Iodine) 

198Au 64.8 Hrs 5xlO-5 lxlO-7 

(Gold) 
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Table 3 


Seepage Loss Characteristics of Diffirent Soils 


Character of Material Seepage loss Cumecs/million m 
ofwetted permeter 

Impervious clay loam 

Medium clay loam underlaid 
with hard pan at depth of 
not over 0.60 to 0.90 m 
below level 

Ordinary clay loam silt 
soil or lavash loam 


Gravelly or sandy clay loam, 

cemented gravel, sand and 

clay 


Sandy loam 


Loose sandy soil 


Gravelly sandy soil 


Porous gravelly soil 


Very gravelly soil 


0.90 to 1.20 

1.20 to 1.80 

1.80 to 2.70 

2.70 to 3.60 

3.60 to 5.20 

5.20 to 6.10 

7.00 to 8.80 

8.80 to 10.70 

10.70 to 21.30 

Source: Central Water Commission 
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13. ANALYSIS OF DATA OF EXISTING LINED CANALS 


INTRODUCTION13.0 

13.0.1 	 This chapter provides a detailed infonnation and data on irrigation canal 
lining so as to make manual more useful for planners, designers and 
construction engineers. 

13.0.2 	 Type of soil, cost-benefit ratio, discharge of the canal and efficiency, life 
etc. are several parameters which help planners & designers to decide 
about lining of a project. Collection and analysis of above data, firstly 
gives an idea about the practices prevailing in various states regarding 
type of lining, which in turn depends mainly on the availability of the raw 
materials. Secondly, the type of lining for a particular project is selected 
on the basis of the characteristics of soil on which lining has to be laid. 
Thirdly, the type of lining may also be selected on the basis of its 
efficiency keeping in view the velocity and rugosity coefficient, i.e. the 
extent of its ability to check the seepage rate. 

13.1 	 PRACTICES ADOPTED IN VARIOUS STATES 

13.1.1 	 In general the choice of a particular type of lining depends on many 
factors such as the availability of material, labour, cost of lining, 
hydraulic efficiency, degree of impermeability and coefficient of rugosity 
etc. The data of lining, type of soil, discharge etc. as collected for 
channels of various states has been shown in Table -1. 

The practices adopted for canal lining for some of the channels in various 
states are also explained in detail as below: 

13.1.2 	 Gujarat 

During the last 20 years Gujarat has executed a number of irrigation 
projects involving significant work on lining of different canal systems. 
Canal lining works executed in the state, cover almost all types of lining 
methods and materials. ­
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The main soil types and the most common types of lining are as under: 

(a) 	 Soil type 

(i) 	 Silty, Sandy subgrade 

(ii) 	 Silty, Clayey. 

(b) 	 Types of lining executed 

(i) 	 Sandwiched brick lining and brick over LDPE membrane 

(ii) 	 Insitu cement concrete lining over LDPE membrane. 

(iii) 	 Precast cement concrete block lining over LDPE 
membrane. 

13.1.2.1 	 The sandwiched brick lining and brick over LDPE membrane linings 
have so far worked well. Distress to this lining has been observed at some 
places, especially where ground water table is high and subgrade soil is 
silty sandy. The pressure release valves where provided are not 
functioning well. It has led to formation of cracks and cavities underneath 
the lining. 

The insitu cement concrete lining is more commonly used in comparison 
to other types of linings. However, it has also shown signs of distress at 
the junction of two soil strata or at the level of natural ground surface and 
the new earth work for the canal in filling reaches. 

At some locations, where the laying and curing of insitu cement concrete 
lining is not suitable, the precast cement concrete blocks have been 
provided. But due to lack -of poor workmanship in laying and filling 
joints, slippage of the precast cement concrete blocks have been reported 
at several places. These blocks are also reported to have been removed on 
account of pilferage etc. 

13.1.2.2 	 The present practices of lining in the state can mainly be classified as 
under: 

(i) 	 Lining on sandy-silty soil with high ground water table 
conditions. 

(ii) 	 Lining on expansive clayey soil. 
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(ii) Eastern Ganga Canal : A 48 .5 km long Eastern Ganga Canal 
with a discharge capacity of 137 cumec passes through silty and 
sandy strata. Most of the canal length has been lined in bed with 
100 mm thick cement concrete M-15 and double layer of cement 
concrete tiles or burnt clay tiles in sides slopes. 

(iii) 	 Sarda Sahayak Feeder Channel: A 258.80 km long feeder 
channel of designed capacity of 650 cumec was constructed 
under Sarda Sahayak Project to provide irrigation faciJ ities to 
about 18 lakh hectares. The channel passes through the soil 
having high permeability. Due to this reason, high seepage in 
filling reaches would have occurred if lining was not provided. 
As such the Sarda Sahayak Feeder Channel has been lined in 
certain reaches. In the first stage construction of the project prior 
to 1976, single burnt clay tile lining with plaster in the bed and 
double burnt clay tile lining with sandwiched plaster on side 
slopes has been provided. In other reaches concrete lining in the 
bed and double layer of precast concrete tile with sandwiched 
plaster on side slopes has been provided. 

Lining work has been done in the closure periods of the canal. 
This lining work has been done mainly by mechanised paver for 
speedy completion of the work. In view of the high spring level 
conditions, the longitudinal filter drains inter-connected by cross 
drains alongwith pressure release valves are provided for release 
of excess hydrostatic pressure behind lining. 

(iv) 	 Madhya Ganga Canal: Madhya Ganga Canal with a discharge 
capacity of 233.6 cumecs passes through sandy strata. The canal 
was lined only in the filling reaches. Single brick tile 
(300x 150x50 mm) lining in bed and double brick tile lining in 
1:5 cement mortar has been provided on side slopes. 

(v) 	 Mat Branch Feeder : This feeder mostly traverses through a 
strata comprising of medium to fine sand and silt clay and in 
some reaches the soil is salty and comes down in colloidal state 
when mixed with water. No lining is provided in bed, only 75 
mm thick brick lining in 1:4 cement mortar over 100 micron 
LDPE film is proposed to be laid on side slopes. This lining is 
provided only for slope protection. This channel is under 
construction. 
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(vi) Kosi Feeder Channel : The channel was designed for a 
discharge of 42.5 cumec and traverses through soil strata 
containing coarse sand and gravel. Lining in the bed and sides 
consists of precast cement concrete tiles (400x300x75 mm) laid 
over 100 mm thick concrete. 

The examples illustrated above are for irrigation canals. In U.P. 
there are many perennial rivers like Ganga and Yamuna and as 
such some power channels for power projects have been 
constructed. 

Adoption of hard surface lining is preferred in the power 
channels so as to avoid any major damages and consequent canal 
closures resulting in generation losses. Power channels are 
generally constructed near hilly areas. It is economical to provide 
concrete lining in power channels. Moreover, these have more 
resistance against erosion due to higher velocity of water. 
Besides preventing weed growth, concrete lining provides better 
protection against burrowing animals and its maintenance is 
easier. The concrete lining is, however, not flexible and cracks 
develop due to settlement of subgrade, contraction , drying and 
shrinkage etc. This can also be damaged due to high back water 
pressure. Concrete lining can be either in-situ or precast. 

Some of the examples of power channels are given below: 

(i) 	 Rishikesh - China Power Channel (Garbwal Rishikesh-Chilla 
Hydel Channel) : A 14.2 km long power channel of 680 cumec 
discharge capacity, takes off on the left bank and feeds water to 
Chitla Power House. The following types of lining have been 
provided in the power channel both in the bed and sides at 
different locations. 

(a) 	 Boulder Pitching lining 

(b) 	 1n- situ Concrete lining 

(c) 	 Cement Concrete Tile lining. 

These types of linings have been adopted in the power channel 
because of availability of sand and coarse aggregate in the river. 
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(ii) 	 Khara Power Cbannel (Kbara Hydel Scbeme) : A 13 km long 
power channel with a discharge capacity of 198.3 cumec was 
constructed under Khara Hydel Scheme. This channel mostly 
passes through sandy rock and clay shale overlain boulder 
conglomerates. 

The lining of this channel consists of cement concrete (M-15) 
lining in bed and double layer compressed cement concrete tiles 
with sandwitched plaster in sides slopes. 

(iii) 	 Yamuna Power Channel (Yamuna Hydel Scheme) : Yamuna 
Power Channel with a design discharge capacity of 198 cumec 
passes through sand with gravel and boulder strata. Composite 
lining of brick and cement concrete tile was provided in the sides 
of Yamuna Power Channel.1 00 mm thick concrete lining was 
provided in the bed of channel in normal reaches and 150 mm 
thick 'concrete lining in the reaches where ground water table is 
high. The channel lining has behaved generally well except in 
deep cutting reaches due to excessive differential head. 

From the analysis of the data of lining of canals of u.P. it is 
concluded that in most of the canal lining projects hard surface 
lining consisting of concrete in-situ and brick or c.c. tiles has 
been provided. 

The detailed specifications of lining of some important projects 
are given separately in Table -2. 

13.1.4 Karnataka 

In Kamataka various types of linings have been used depending on the 
sub-grade and availability of construction material. Earlier, soil cement 
and lime surkhi concrete lining has been used in gravel sub-grade of 
Krishnaraj Sagar Canal. The latest trend in the state for small channels is 
to use LDPE film overlaid with other hard surface linings. 

13.1.5 Tamilnadu 

Available mager data shows the use ofLDPE film protected by concrete 
for small discharge canal and also the use ofPCC or in-situ concrete. 

13.1.6 Kerala 

In Kerala state the data available reveals that either rubble masonary or 
precast cement concrete slabs/ blocks have generally been used. 
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However, on experimental basis in Kuthanpur Branch, bitumen with 
cement mortar was used but its performance has not been satisfactory. 

13.1.7 West Bengal 

In Kangsabati Irrigation Project in West Bengal, plastic film lining with 
soil cover was provided . It has proved to be successful. In most of the 
other canals cast in-situ concrete or precast block over LDPE film lining 
has been adopted. In some projects of the state, brick lining over LDPE 
film has also been used in canal lining works. 

13.1.8 Haryana 

In Haryana, the general practice is to line the big canal with double tile 
lining and small channels with single tile lining with LDPE film. 
However, in some canals upto a discharge of 93.45 cumec passing 
through areas having sandy soil LDPE film lining was also tried. The 
practice for lining canals having higher discharge was to use 200 Il LDPE 
film with single tile lining in mortar on bed and cement concrete lining on 
side slopes. In case of low discharge channels LDPE film of 150 Il with 
single tile lining in mortar on bed and single tile lining without mortar on 
side slopes was used. The lining has been found to be intact and 
functioning satisfactorily. Some of the experiences of this type of lining 
in Haryana are given in Table 3. 

13.1.9 Rajasthan 

In Rajasthan, adoption of canaliining was taken up quite late. The sub­
soil being sandy, is susceptible to huge amount of seepage losses. 
Therefore, the only solution to seepage problems in canals of Rajasthan 
is the use of LDPE film generally of thickness 200 Il LDPE film lining 
ensures stability of canal section and reduce seepage losses to a greater 
extent. 

Details of lining in some channels are given below: 

(a) 	 Rajasthan Canal (Newly named as Indira Gandhi Canal) : 
Rajasthan canal with a discharge capacity of 51 0 cumec mostly 
passes through sandy soil. The bed was lined with single tile 
lining and top was highly smooth finished with 19mm thick 1:3 
cement plaster. Double tile lining (300xI50x50) mm with a 
cement mOltar layer sandwiched was provided in side slopes. In 
some reaches, LDPE film of thickness varying from 175 Il to 
200 Il was used. 
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(b) 	 Ranjeetpura Distributary : Ranjeetpura distributary with a 
discharge capacity of 13 .65 cumec traverses through sandy strata. 
LDPE film lining with cement concrete in bed and precast 
concrete tiles in cement mortar in side slopes was provided. 
Similar type of linings have also been provided in Samewala 
distributary and Ahmad walia minor (Rajasthan) on experimental 
basis . In Water Supply Channel, LDPE film with concrete tiles 
was provided in bed and side slopes. Detailed specifications of 
lining on above channels have been shown in Table 4. 

13.1.10 	 Punjab 

13.1.10.1 	 Initial attempts to line the channels were made round about early sixties. 
Different practices have been adopted for small channels upto a discharge 
of6.145 cumec and for big channels. The details are as below: 

13.1.10.2 	 Small Channels : The small channels of discharge upto about 6.] 45 
cumec on sandy strata were lined using LDPE film with soil cover. The 
practice adopted was to line the bed as well as sides slopes with 100 )J. 

LDPE film with a soil covel' over it. The lining has been reported intact 
and free from damage by weed growth and water insects . LDPE film 
about 60 )J. was also tried but that got damaged due to lesser thickness 
(Table 5). 

13.1.10.3 	 Big Channels : Double tile lining with sandwiched layer of cement 
plaster and cement concrete lining became very popular and was adopted 
in various canal lining projects including Nangal Hydel Channel , S irhind 
Feeder Channel, Ferozpur Feeder Channel and Bhakra Main Canal. The 
stlitable drainage arrangement were also provided in high sub-soil water 
reaches and in the reaches having semi pervious subgrade . All of these 
linings are working quite satisfactorily. Experience of Nangal I-Iydel 
Channel has indicated that concrete lirling has given better performance 
in high water-table reaches than tile lining. 

13.1.10.4 	 Bhakra Main Callal : Bhakra Main Canal with a discharge capacity of 
192 cumecs was lined with double layer bumt tiles with cement sand 
mortar layer sandwiched between the tiles. 

13.1.11 	 General Practice of Using LDPE Film 

13.1.11.1 	 The use of plastic film in canal lining was introduced in India way back in 
1959. Subsequently, a number of irrigation projects have tried plastic 
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13.1.11.2 


films, specially LOPE film on an experimental basis. In most of the major 
canal projects in India, insitu concrete, precast concrete blocks, brick tiles 
or concrete tiles have been used as a covering material over LOPE film. 
In World Bank aided Parallel Upper Ganga Canal Project and Indira 
Gandhi Nahar Project, brick/concrete tiles have been used over LOPE 
film. The only project using plastic film overlaid with soil cover 
successfully is Kangsabati Irrigation Project, West Bengal. 

The National Seminar on the "Use of Plastic for lining of water 
conveyance system in irrigated agriculture", was organised in 1982 by 
National Committee on the use of Plastics in Agriculture (NCPA) which 
provided an impetus to Gujarat, Madhya Pradesh, West Bengal, Punjab, 
Haryana, Bihar and some other states to adopt LOPE film for lining canal 
systems. More than 4500 km length of canal of 45 irrigation projects was 
lined with plastic mainly LOPE film in above states. This film has been 
used in minors and some main canals of lower discharges. Nevertheless, 
irrigation engineers have raised certain points regarding suitability of 
LOPE film such as stability of cover material in side slopes, damage to 
the film by weeds etc. Keeping such apprehensions in mind NCPA 
conducted a census-cum-evaluation study of plastic film in canal lining. 
The major findings of the study are as below: 

1. 	 The performance of lining has been found satisfactory where the 
plastic film overlaid with soil covers as well as hard cover lining 
was adopted in the bed as well as in side slopes. 

2. 	 It has been found from the seepage loss report of different 
irrigation projects that the plastic film combination lining will be 
able to save 10 to 15% additional water by preventing seepage 
losses, compared to conventional hard cover Iining using 
brick/concrete. 

3. 	 The cost of plastic film lining overlaid with rigid cover is 
comparable with conventional rigid cover lining. There is scope 
for reduction of the cost of plastic film combination lining by 
reducing the thickness of the concrete over film and plaster at the 
outer surface of the brick. 

4. 	 No damage to the film due to weeds and rodents was reported. 

5. 	 The film collected from the canal bed was subjected to a 
laboratory test and it was found that there was no change in the 
film properties. 
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6. 	 In Rasulpur distributary (Punjab) where 100 m thick film was 
laid in the year 1964, a few 3amples were taken out in August 
1980 . Although a few pinholes were observed at random, the 
sand below the polyethylene film was dry indicating the 
imperviousness of the film. This shows that the polyethylene film 
of 100 ).l thickness remained in good condition even after 16 
years of lining in the bed of the channel. 

7. 	 Seepage losses from combination type of lining laid in Doburji 
and Rasulpur distributary after making due corrections for 

2evaporation losses have been found to be 0.21 m3/sec/l06m of 
wetted surface. Seepage losses observed from Bhatinda 

3 2distributary have been found to be 0.08 m /secll06m of wetted 
surface. 

8. 	 At places where there is animal traffic, the film has not been 
affected by the hooves of the animals when laid under 300 mm 
thick soil cover. The film is not exposed to the damaging effect 
of the ultraviolet rays of the sun when covered with soil. 

9. 	 The polyethylene film laid at the bed of lullundur distributary has 
not been affected by the submerged aquatic weeds. 

13.2 	 GENERALISATION OF TYPES OF LINING BASED ON TYPES 
OF SOILS AND DISCHARGE CARRYING CAP ACITY OF 
CANAL 

13.2.1 	 Although type of lining to be adopted depends on many factors , a rough 
idea of international and Indian experiences achieved are given in 
succeeding paragraphs. 

13.2.2 	 International Experiences 

13.2.2.1 	 Buried Membrane Lining on Expansive Soils: Failures have occurred 
where concrete and some other rigid-type linings have been laid on 
subgrades containing swelling clays. In such cases a more flexible type 
of lining, such as thick compacted earth lining or a buried membrane 
lining (LDPE) would serve better. In Bow canal, Canada the soil was lean 
clay and sand. The seepage rate was of the order of7.06 m3/sec/l06m2 On 
lining it with LDPE film overlaid with, soil and gravel cover, the seepage 

3 6 2rate reduced to 0.52 m Isec/] 0 m . After 10 years the seepage decreased 
3 2marginally to 0.45 m /secll06m . Thus, it is clear that the lining was very 

successful. 
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13.2.2.2 	 Concrete Lining on Sand Gravel Reaches: If sufficient amount of sand 
and gravel are contained in the soil, they may favour the choice of a 
concrete lining. In reaches containing sandy and gravelly soifs, the 
seepage rate is of the .order of 7.76 m3/sec/106m2

• Fraint Kern t:anal, 
California (depth 5.24 m) was lined by 100 mm thick cement concrete 
lin ing. The seepage rate reduced to 0.25 m3/secll 06m2 U nreinforced 
cement concret.e -lining of thickness 50 mm to 100 mm (according to 
requirement) will be suitable for all sizes of canals on firm subsoils. 

13.2.2.3 	 Soil-Cement Lining on Sandy Soils : Soil-cement lining may be 
preferred in the localities having mild climate, sandy subgrade and 
lacking in other suitable materials. While selecting this type of lining for 
a particular reach, the designer has to be vel)' careful, as this type of 
lining is not weather resistant, short lived and requires high maintenance 
charges. In W C Austin Project. Oklahoma some canal reaches were lined 
with 80 mm thick 15.5% soil cement. The seepage rate decreased from 

3 2 3 23.35 m /secl106m to 0.11 m /sec/106m . The seepage rate increased 
marginally upto 0.21 m3/sec/ 106m2 after one year. Best results are 
obtained if soil has a size of 20 mm and contains 10 to 25% fines passing 
through IS: sieve No.8. 

13.2.3 	 Indian Experience 

13.2.3.1 	 Precast Concrete Tile lIn-situ Cement Concrete Lining on Gravelly and 
Sandy Soil : A primary prerequisite to the success of cement concrete 
lining and other hard surface linings is that, it should be laid over a firm 
foundation in order to reduce cracking and settlement. This requirement is 
fulfilled by sandy and gravelly subgrade. Therefore, in India cement 
concrete lining and other such type of linings have generally been laid in 
the canals passing through the reaches containing gravelly & sandy soil. 
In Nangal Hydel Channel, Yamuna Power Channel, Kosi Feeder 
Channel, Krishnaraja Sagar Canal, Pattanankal Main Canal, Pamba 
Irrigation Project, Kuttiady Irrigation Project and many other canal lining 
projects, subsoil was gravelly/gravelly cum sandy. Therefore cement 
concrete lining was preferred. 

13.2.3.2 	 LDPE Film with SingleIDouhle Tile Lining on Alluvial Sandy Soil : 
LDPE film lining provides only impermeability not structural strength . Its 
laying needs smooth subgrade. The data reveals that most of the canals 
passing through alluvial/sandy reaches have been lined with LDPE with 
suitable protective cover. Single or double tile lining as per requirement 
have been used as protective cover. This c0mbination of soil type and 
type of lining has been used in Gujarat in Mahi Right Bank Canal, Petlad 
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Canal, Borsad Branch, Cambay Branch, Limbasi Branch, Nadiad Branch 
& Kingwa distributary. (Refer Table-I) 

13.2.3.3 	 LDPE Film with Soil Cover or Insitu Cement Concrete Concrete Slab 
Lining on Black Cotton Soil: Data for canal lining in reaches having 
black cotton soil as subgrade was available for few canals. From the data, 
it is concluded that in small channels soil cover of sufficient thickness 
may be used as protective cover over LOPE, e.g .. Lambhvel Distributary 
(Gujarat) Simardas minor, distributaries & minors of Mahi Canal system, 
Bortalai distributary and Biora minor. On the other hand big channels 
passing through black cotton soil reaches are preferably lined with LOPE 
film with cement concrete insitu on bed and concrete slabs on side slopes 
e.g. Heren's Minor, Amravati Main Canal, Contour Canal and 
Parambikulam Main Canal. 

13.2.3.4 	 Double Tile Lining on Sandy Rock: In Khara Project the subgrade has 
sandy rock and clay shale over -lain boulder conglomerates. In Khara 
Power Channel, lining was done with double layer compressed C.C. tiles 
with sandwiched plaster. 

13.2.4 	 The analysis done with respect to the soil type gave no conclusive results 
and different states have adopted different types of lining irrespective of 
type of soil. 

13.2.5 	 Type of Lining Related to Discharge 

From the data of some major and minor canals, an analysis regarding the 
type of lining adopted and discharge capacity revealed no conclusive 
results. However, a rough idea can be extracted from the data which 
shows that for canals of moderate discharge size (around 200 cumec), 
brick tile /concrete tile lining has heen used in many canal lining projects. 
Cement concrete lining is preferred in big canals to ascertain the speed of 
work and to overcome the problems created due to joints. Other types of 
lining are mostly dependent on the subgrade and availability of raw 
materials in the vicinity and not on the discharge/size of the canal. 
However, the thickness of concrete lining depends to certain extent on the 
discharge of the canal, depth of water and ground water table of the area. 

13.3 	 EFFICACY OF VARIOUS TYPES OF LINING 

(i) 	 Insitu Concrete Lining and Precast slabs : Hard Surface 
linings generally comprise two types of lining i.e. Cement 
concrete lining and precast concrete slabs/tiles. Insitu cement 
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concrete lining is used in the cutting reaches and where ground 
water table is high. Performance of insitu concrete lining has 
been good in general and such types of lining have been 
constructed on almost all types of sub-grade. However, in both 
the linings, most of the failures have occurred in the bank 
pOltions due to low flexural strength and high ground water 
table. Failure of canal lining in most cases occur due to excess 
hydrostatic pressure resulting from either high ground water table 
condition or pressure build up due to timelag in drainage of the 
subgrade following drawdown of the canal. This calls for 
provision of adequate drainage arrangements for dissipation of 
excess hydrostatic pressures. As the functioning of the drainage 
i'.rrangement depends on the efficacy of the drainage filter and 
pressure release valves, the performance of which can not be 
taken for granted unless laid under vigorous control and 
maintained regularly. It is considered advisable for important 
continuously running channels to make the lining safe without 
considering the effect of dissipation of pressures through such 
drainage arrangp.ments. The drainage filters often get choked and 
likewise the pressure release valves also become non-functional 
without regular maintenance. It has also been found that pressure 
release valves do not provide appreciable relief to the lining 
against pressure due to sudden drawdown. In such cases it is 
considered better to provide continuolls filter with adequate 
outlets to release seepage pressure. Drainage windows of suitable 
size and made up of porOllS concrete may prove effective when 
located over drainage filters on slopes below sub-soil water level. 
For proper working of the drainage arrangements e.g. pressure 
release 	 valves, longitudinal, cross drains and filters, proper 
investigation and research work must be performed in a well 
equipped electrical analogy and mathematical modeling 
laboratory. 

(ii) 	 LDPE Film Lining: LDPE film overlaid with different types of 
hard surface lining have been used in various states in small and 
big channels . This lining is easy to install and require a minimum 
of equipment and skilled labour. This film is placed on a well 
prepared canal sub-grade and can be covered with soil or cement 
concrete tiles, cement concrete of suitable thickness. From the 
experience of LDPE film lining in different states, it was 
observed that this film was able to save seepage losses to a 
greater extent. 
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(ii) 	 Loosening of the joints in the lining due to continuous water 
seepage from the earthen embankment into channel due to high 
spring level. 

B -Bed uning 

The concrete lining in the bed was damaged in a small patch in a length 
of almost 30 metres at km 13.40 as was noticed in the year 1984. It has 
also been noticed that the damages to the channel lining are frequent 
during rainy season. 

The damage in the concrete lining in the bed was observed only in the 
year 1984 and that too at only one place. The seepage of water from toe 
of the embankments and pits of 0.3 m to 1.0 m in the damaged area were 
seen. It is probable that some cracks in the bed lining had developed 
giving way to seepage of canal water. Such damaged panels were repaired 
with modified lining, in which 300 mm boulder pitching was done over 
250 mm thick filter. 

The channel is running and tile lining has behaved well generally except 
in the deep cutting reaches. Special care should be taken while providing 
lining in the channels in deep cutting reaches. Suitable P.R.V. and 
drainage arrangement alongwith proper filter should be provided for 
adoption in high spring level areas. 

13.3.1.3 	 Haveli Canal (Punjab) : The Have[i canal lining consists of two layers of 
tiles with sandwitched mortar in between. This lining failed in serveI 
reaches within a year of its completion. The failure of lining perhaps may 
be due to inadequate compaction of the backfill and lack of proper 
drainage provision for the canal banks. 

13.3.1.4 	 Indira Gandhi Main Canal: LOPE film has been extensively used in 
Indira Gandhi Nahar Project -Stage II in combination with clay or cement 
concrete tiles. But since the plain LOPE film has very low punching shear 
strength, and very poor bond strength, horizontal and vertical slippage 
cracks in the side slope lining of Indira Gandhi Main Canal have been 
observed at many places. 

13.3.1.5 	 Ranjeetpura Dy. (Rajasthan) : The damages due to poor bond strength of 
the LOPE film were observed in this distributary where the precast 
cement concrete tile layer installed over the LOPE film expanded in the 

. hot weather & buckled at few places. The tile edges lost bond and contact 
with the film and lifted up at some places where the top tile buckled. 
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13.4 CONCLUSIONS 

The review of experiences of present practice of canal lining in India and 
the findings of recent experimental works lead to the following 
conclusions. 

1. 	 Sub grade and water table conditions, climatic conditions, 
availability of materials, size of the canal, service requirments, 
economy and experience are the factors affecting selection of the 
type of lining. Adoption of a particular type of lining will require 
consideration of all these factors and hence it is not possible to 
recommend anyone type of lining suitable for all conditions. 

2. 	 In major canals hard surface lining has been provided. Depending 
on ease of construction, availability of equipment and material, it 
has consisted of concrete in-situ, c.c. or brick tiles. 

3. 	 In small canals LOPE film protected with hard surface lining has 
widely been used. Use of LOPE film below any hard surface 
lining has been found effective for canals in silty sandy soils with 
high ground water table condition. It has proved as one of the 
low cost method of lining, particularly plastic film overlaid with 
hard cover for lining old channels. 

4. 	 Pressure release valves and under drainage system are very 
necessary for canals with high ground water table conditions or 
in the areas where rise in ground water table or waterlogging is 
expected due to canal operation. The performance of drainage 
arrangements must be monitored from time to time. 

5. 	 Cohesive-Non Swelling (CNS) treatment should be adopted for 
lining of canals in expansive soils. However, ferrocement lining 
is also one of the effective methods worth to be tried in such type 
of soil. 
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2 3 4 5 	 6 7 

8. Delhi 	 Power Channel Cast in situ, Concrete precast Hard Gravelly ­
tile lining with LDPE film soil, soft rock, 

sand, boulder 

9. Gujarat 	 Damanganga canals 11.45 " C.C.Lining 1:3:6 

10. 	 -do- Karjan Reservoir 28.30 " Concrete M-l 00 

left bank main 

canal 


11. -do-	 Mahi Right Bank 198.1 " (i) Sandwich type (ii) 1:3:6 Alluvial Experimental lining 
canal concrete lining 

N 
LDPE Film with soil cover. 

Ul 

12. 	 -do- Sheterunji Right 19.681 Masonry and concrete lining 

bank main canal 


13 . -do- Ukai Left bank 35.00 " Plain cement concrete in 

canal proportion 1:3:6 


14. 	 -do- Saba.mati Project 20.25 " 1:3 :6 cast in-situ concrete 

main Canal 


15. 	 -do- Waterak reservoir 10.20 " c.c. Lining 1:3:6 

Main Canal (left 

bank canal) 




2 3 4 5 	 6 7 

16. 	 -do- Banaskantha Left 31.10" c.c. Lining Sandy loam 
bank main canal Soil 
of Dantiwada project 

17. -do-	 Karad Project canal 200 .00 " Precast block 

18. -do- Banas Left bank 31.13" Sandwiched brick lining 

main canal 


19. -do-	 Rangala Canals 4.25" c.c. lining 7.5 cm thick in 
N 
<J1 	 bed 30 cm thick masonry inside 
N 

20. 	 -do- Sipu Right main 7.668cumec c.c. lining (l :3:6) 7.5 cm 

canal thick 


21. -do-	 Sukhi project canal 
(Left bank canal) 3.66 " Precast concrete block 
(Right bank canal) 12.82 " -do­

22. -do-	 Hatmati canal 11.33 " LDPE film with single tile Sandy Lining intact.Film 
with cement mortar 	 inspected in I 971 

& again in 1973, 
was found in good 
condition. 
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