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INTRODUCTION 



CHAPTER I 

INTRODUCTION 

Water is nature‟s most important gift to mankind and is also the most 

essential. It is the critical input for the development of agriculture and for the 

sustenance of life. The water resources which could be tapped for irrigation 

are very limited and its conservation is very important. Although a substantial 

progress have been made in the recent yeas in the development of water 

resources for irrigation, a good amount of potential thus developed is lost in 

its conveyance towards the area to be irrigated. It is lost in the main canal, 

branches, distributaries, water courses and the field channels as well as in the 

field. 

India is rich in water resources, being endowed with a network of 

rivers and blessed with snow cover in the Himalayan range that can meet a 

variety of water requirements of the country. The catchment areas of these 

rivers are divided into 20 river basins. Of the major rivers, the Ganga - 

Brahmaputra – Meghna system is the largest with catchment area of about 11 

lakh sq km. The other major rivers with catchment area about one lakh sq km 

or more are: Indus, Godavari, Krishna, Mahanadi and Narmada. However, 

with the rapid increase in the population of the country and the need to meet 

the increasing demands of irrigation, human and industrial consumption, the 

available water resources in many parts of the country are getting depleted and 

the water quality has deteriorated. Indian rivers are polluted due to the 

discharge of untreated sewage and industrial effluents. 

Irrigation is known to consume nearly 75% of all freshwater used by 

humans. Yet, the availability of exclusive irrigated area maps, which provide 

sub-national, national, continental, and global level statistics, are rare and 

inconsistent from one country or region to another. Irrigated areas are 

sometimes part of Land-Use/Land-Cover (LULC) maps with a single class or 

two. The biggest limitation of the existing irrigated area maps and statistics 

has been the failure to account for: (a) irrigation intensity, (b) irrigation 

source, (c) irrigated crop types, and (d) precise location of irrigated areas. 



Irrigation intensity and irrigation crop types have a huge influence in the 

quantum of water consumed. The irrigation source is a must to determine 

patterns of resource use and environmental impacts from major versus minor 

irrigation, and in determining the quantum of groundwater use and its 

overdraft issues. 

Irrigation water is expensive commodity and as such there should not 

be any wastage during its flow from the head end to the fields. The losses that 

occur from the head end of the canal up to the outlets are usually called 

conveyance or transmission losses. The transit losses may also occur from 

wastage due to irregular distribution of water on the field where by some parts 

are oversaturated and others are left insufficiently irrigated. However, the 

main transit losses are due to seepage, evaporation and percolation. 

Also, the losses in a new canal are very great in initial stages. But they 

slowly diminish in time due to saturation of the surrounding soil and due to 

stanching of banks and canal section by deposition of silt from canal water. 

The other factors affecting the transit losses are nature of soil, its condition 

and size of the canal, depth of water, temperature and position of sub soil 

water level. A property designed water distribution system for surface 

irrigation is easy and efficient. Farm irrigation distribution system for surface 

irrigation methods can be classified into two groups-surface channels and 

underground pipe lines. Field channels may be either unlined earth channels 

or lined channels. 

Earthen irrigation channels in permeable soils can lose a lot of water 

through seepage. Large losses through the bed and sides of canal lead to low 

conveyance efficiency; that is, (the ratio of water reaching farm turnouts to 

that released at the source of supply from a river or reservoir). Earthen canals 

also get clogged up with weeds which reduce the water-carrying capacity. 

Two factors combine to disadvantage of the tail end farmers. Therefore 

unlined canals are inefficient, inadequate from the point of view of equitable 

performance. 



Total losses from unlined watercourses are known to be more than 

those from the main system, but they don‟t get the same attention during a 

lining programmed. Lining programmers are divided into main system lining 

and watercourse lining. The main system canals (main, distributaries, and 

minors) are large channels supplying several watercourses. The transmission 

losses are 17% for main canals and branches, 8 per cent for distributaries and 

20% for water courses which gives a total loss of 45 per cent of the water 

entering the canal head for the unlined irrigation channels. 

Unlined earth channels are frequently used in water conveyance on the 

farm. Through they are of low cost and can be built and maintained by 

unskilled persons, they cause wastage of water by evaporation and seepage. 

Infiltration, seepage and redistribution of water within soil profile are 

of significant importance to present day water conservation and ground water 

contamination problems. The rates at which these processes occur depend on 

water transmission characteristics of the soil profile. Excessive seepage losses 

contribute to water logging, deterioration of agricultural land and increased 

drainage problems. Maintenance of unlined channels is also difficult 

especially in sandy soils. 

Lining irrigation canal is recognized as an effective barrier to the 

transmission of water. Earthen channels are lined with impermeable materials 

to prevent excessive seepage and weeds in channels. Lining can significantly 

reduce conveyance losses. Lined channels have a smaller surface area for a 

given discharge than unlined channels. Typically a lined channel will have 

40% of the unlined surface area for a given discharge. Therefore even at the 

same loss rate per unit area there will be a saving in water. When estimating 

the reduction in losses from a lining programme, this should be based on the 

combination of a reduced cross-section and a reduced seepage rate per unit 

area. 

 

 

 



Specific objectives of this study are: 

1. To study the physical properties of the soil 

2. To study the seepage characteristics of different lining materials under 

field condition 

3. To study seepage pattern for different lining materials 

4. To study about the weed growth in different lining materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   

 

 

REVIEW OF LITERATURE 

 



CHAPTER II 

REVIEW OF LITERATURE 

 

              An important reason for lining a canal is to reduce the water losses, 

as water losses in unlined irrigation canals are high. Canals that carry from 30 

to 150 l/s can lose 10 to 15% of this flow by seepage and water consumption 

by weeds. Lining a canal will not completely eliminate these losses, but 

roughly 60 to 80% of the water that is lossed in unlined irrigation canals can 

be saved by a hard-surface lining. Possible benefits of lining a canal include 

water conservation, no seepage of water into adjacent land or roads, reduces 

the change in canal dimensions and maintenance.  

 

2.1. Losses in Unlined Earthern Canals 

Unlined earth channels are frequently used in water conveyance in the 

farm. The advantages of earth lined channels are that they are accepted by the 

farmers. They can be built and maintained by unskilled persons and require no 

special equipments or materials. But a large portion of water that is harvest at 

a high cost, through the canal irrigation network or through water courses and 

field channels is lost by seepage. 

Sharma and Sehgal (1971) studied the assessment of seepage from 

unlined irrigation channels and concluded that the seepage losses were 1.8 

cumec/Mm
2
 against the assumed losses of 2.4 cumec/Mm

2
. Percentage of 

water lost from main branch of canal system was found to be 19 percent as 

against 18 percent usually assumed. Total seepage from both sides of canal 

was found to be 6/5 times the maximum intensity of seepage at the bottom. 

Luthra (1980) found that the conveyance losses in the unlined canals 

varying between 25-60 percent and the seepage losses in case of lined canal 

system were restricted depending on type of material used for lining. 

Bihari and Patel (1986) studied the conveyance losses in earthen 

channel and concluded that apart from steady state seepage, there could be a 

significant transit loss component that is not measured in steady state 

measurements. These include rapidly infiltrated water to wet up dry channel 

banks, water seepage and leakage during the time water was being transferred 



from one field to another, dead storage losses resulting from water course 

breaches and due to growth of grasses in the channel. 

Rajput and Ashwani Kumar (1988) studied conveyance losses in the 

field water courses. The loss from field water courses alone was measured to 

be about 20 percent of canal discharge. 

Sur. et.al (1989) reported that conveyance losses and efficiency in 

unlined field channels in the command area of Bhavani Distributory in South 

Western Punjab is less. Overall losses from the studied channels were 24.2%. 

Conveyance efficiency decreased exponentially with increase in the length of 

channel. The results suggested that additional 18 minutes per hour per 

kilometer of channel length will be required to receive same amount of water 

at different field outlets along the channel. 

Achanta Rao (1994) conducted experiments to find effects of seepage 

on inflow over a sand bed in a straight rectangular flume. Effects of both 

injection and suction caused by seepage flow into and out of the channel bed 

were studied. Quantitative relationships giving the ratio of bed shear stresses 

with and without seepage were presented. 

 

2.2 Studies on seepage losses.  

Determination of water lost due to seepage is an important parameter 

that has to be considered for lining of channels. Studies have been conducted 

in India in several places to determine the seepage losses. Most of the data 

available in water losses are from large sized canals and are very little 

information on water losses from small channels is available. It is however 

reported that a major percent of losses occur in water courses and field 

channels through seepage of the order of 20% and above. Average seepage 

losses in lined and unlined canals were 0.836 to 7.063 cumec/Mm
2
 

respectively. If lining is provided the seepage losses could be reduced by 

nearly 88.16%(Mahesh M. Karad et al ).    

Siddique et al. (1993) measured seepage losses in Chashma Right 

Bank Canal canal by inflow-outflow method and were reported to be 126, 

121, 100, 84 and 63 mm/day during 1990, 1991 1992, 1993 and 1994 

respectively for the upper reach of the canal. 



Bankar et.al (1995) estimated seepage losses of irrigation water 

through minor and field channels by inflow outflow method under On Farm 

Water Management Studies in Mula Command during kharif, rabi and 

summer seasons of the year 1991 – 92 and 1992 – 93. The study revealed that 

by simple cleaning the sediments of field channel the seepage losses could be 

reduced by 40 percent over unclean channel. Due to lining of field channel the 

seepage losses could be further reduced by 36 to 61 percent over cleaned and 

unclean filed channels, respectively, During kharif season there were 

comparatively more seepage losses of water (21.44 1ph/m
2
) than in rabi 

(18.79 1ph/m
2
) comparison of seepage losses amongst lined. Cleaned and 

unclean field channels in various seasons indicated that lining of field channel 

resulted into minimum loss of water (11.65 lph/m
2
) through seepage followed 

by cleaned field channel and maximum was due to unclean field channel 

(3024 1ph/m
2
) 

Dhotre et.al (1996) studied the field evaluation of seepage losses 

through field channel at College of Agricultural Engineering M.P.K.V.Rahuri. 

Seepage losses in lined and unlined field channels were 1.64 and 3.62 cumec / 

Mm
2
 respectively. He also suggested that if lining was provided the losses 

could be reduced to 1.64 cumec / Mm
2
 which is 54.70 percent less compared 

to unlined field channels. 

Ittfaq et al. (1998) applied modeling approach to estimate seepage 

losses in Chashma Right Bank Canal. The losses were estimated to be 46.8 

mm/day during the period of March 1995. 

Basharat and Hafeez (2002) also applied MODFLOW groundwater 

model for seepage estimation from the most seepage prone reach of Pat 

Feeder canal in Balochistan province and estimated it to be 35 mm/day (1.336 

cfs/msf) for a canal discharge of 142 cumecs. Groundwater level in this case 

was 3 meter below the canal bed 

           Karad et.al. (2013)  studied on seepage losses through canals and 

minors and concluded that velocities of flowing water were found to be 

maximum in lined canal and  minor as compared to unlined canal and minor 

and Average seepage losses in lined and unlined canal were 0.836 to 7.063 



cumec/Mm2 respectively. If lining is provided the seepage losses could be 

reduced by nearly 88.16%. 

 

2.3 Canal Lining  

Canals are lined with impervious materials to overcome the problems 

of seepage through it. 

Advantages of canal lining 

1. Reduces seepage loss considerably thereby water can be saved 

2. Stabilization of channel bed and banks thereby reduces erosion 

3. Avoid piping through and under channel banks 

4. Decreases hydraulic roughness (flow resistance)  

5. Promote easy movement, rather than deposition, of sediments 

6. Avoid water logging of adjacent land 

7. Decreases maintenance costs and facilitates cleaning 

8. Control of weed growth 

9. Reduces movement of contaminated groundwater plumes 

 

Nagarkar et.al (1979) used fly ash to supplement the fines in concrete 

to minimize cost of concrete lining. They found that the concrete tiles of 

proportion (1:3:6:9) could be manufactured satisfactorily and this concrete 

was economical to the extent of 25 to 30 percent. 

Gwinn and Ree (1980) conducted experiments on grass lined channel 

and observed that the stability and capacity of channel were related to changes 

in cover. They conducted flow tests of channels with natural encroachment of 

bush and trees and found that encroachment of bush reduced the flow capacity 

by 29 percent. 

Atre and Sarap (1988) studied seepage losses for different channel 

lining materials. They concluded that the velocity of flow was maximum in 

polyethylene channel (91.99) cm/sec) Manning‟s roughness coefficient was 

found to be minimum in case of polyethylene channel (0.008). The seepage 

losses were maximum in earthen channel to the tune of 1.57 m/day and 

minimum in polyethylene channel as 0.014 m/day. 

 



Nema (1988) conducted experiments to evaluate the effectiveness of 

different channel lining materials. Analysis revealed that by compacting the 

channel surface up to a bulk density of 1.9 g/cc seepage losses can be checked 

up to 74.89 percent as compared to that in an unlined channel. This treatment 

was found most economic and feasible amongst other lining material tried in 

the study. 

Michael et.al (1991) investigated the feasibility of use of 

unconventional materials like lime, Surkhi, plaster of pairs, fly ash, cement, 

sand, gravel for precast channels. The study revealed that the minimum 

seepage of 2 lit/m
2
/day was found in lime – fly ash – gravel (1:1:2) mixture 

and maximum seepage rate of 16 lit/m
2
 day was found in case of lime – surkhi 

gravel (1:3:3) mixture. 

 Ahmad et al (1993) conducted studies on the performance of various 

lining materials. Brick lining has many site specific field problems. Local 

bentonites have shown rapid deterioration in the field. Soil sealants/emulsions 

need a lot of improvements in their sealing properties under varied local 

conditions. Polyethylene sheets are damaged by weed growth, and animal 

damage. Synthetic rubber membranes, under protective covers, gave fairly 

good results, except for some problems with bonding. 

Ehsan et al (1993) conducted a study on recent experience of lining on 

small channels in Punjab province. Lining has been done with concrete, stone 

masonry or brick masonry giving channels rectangular or brick masonry 

giving channels rectangular or trapezoidal in cross section. Experiences 

gained in the irrigation systems rehabilitation project of the Pakistan Punjab 

indicate that these channel lining are giving satisfactory hydraulic 

performance and are contributing towards giving water supplies to farmers. 

Biswas (1997) studied on the application of low cost non-conventional 

lining materials for seepage control in small irrigation channels and concluded 

that the precast bamboo-reinforced concrete slabs of breadths 40 cm, 30 cm 

and 20 cm and the thickness 5 cm, 5 cm or 4 cm and 4 cm or 3 cm reduced the 

water losses by 91.68, 93.45 and 87.93%, respectively. 

Hojyaz et.al. (2013) studied on canal lining to increase water use 

efficiency and remediate groundwater levels in Khorezm Uzbekistan and 

found that on a monthly basis, the largest increase from 47 to 91% (control to 



lined section) took place during June. The unlined, control section lost almost 

three times the amount of flow as compared with the lined plastic section of 

canal.     

 

2.4 Lining materials 

2.4.1 Concrete 

During the past several years it has become popular to install concrete 

linings in small canals at the same time as final excavation and finishing, often 

using a laser to control the alignment and longitudinal slope. Small concrete-

lined canals are usually non-reinforced Steel reinforcement (rebar or steel 

mesh) is also not commonly used on large canals anymore unless there are 

compelling structural reasons  The elimination of steel reinforcement from 

concrete canal linings saves about 10 to 15% of the total cost. the concrete 

was popular material for canal lining as excellent hydraulic properties were 

attained by its use (Varshney et al). by lining the unlined channels with 

concrete 50 percent of the present losses can be saved (Yazdani et.al). 

Laliberte et al. (1967) studied on Seepage control in concrete-lined 

irrigation ditches. They found seepage loss from and irrigation ditch was 

reduced by more than 90% by installing an unreinforced concrete lining with a 

subgrade-guided slip form. After 3 years of service the seepage reduction was 

still greater than 70%. 

Worsteel (1969)conducted the tests on various lining materials to 

study the seepage losses and found the range of seepage losses through 

different lining materials as Concrete ( 0.009 to 0.29) m/day), compacted earth 

(0.003 to 0.29 m/day), Asphalt membrance (0.003 to 0.92 m/day.), Soil 

cement (100 : 5 ) (0.009 to 0.06 m/day.), Chemical Sealant (0.1 to 2.53 

m/day), Sediment Seal (0.12 to 0.40 m/day), Unlined (0.003 to 5.37 m/day) 

Kemper et al. (2005) studied on Reducing Water Losses from 

Channels Using Linings. To evaluate the effectiveness of various types of 

linings in reducing the seepage losses from field channels, 10 conventional 

and 12 low cost test sections were constructed. The conventional test sections 

included six rectangular brick masonry sections and four trapezoidal concrete 

sections with varying thickness of walls and bed lining materials. The low 



cost sections consisted of six rectangular brick masonry sections and six 

trapezoidal sections with brick masonry, pre-cast concrete slab and 

tile lining having different thickness of wall and bed linings. Economic 

analyses showed that low cost linings were a better investment than the 

conventional linings. Low cost lining with 11 cm thick brick masonry in 

vertical walls, or 2:1 sloped walls, plastered on the inside, without lining in 

the bed, is recommended. Lining walls, with 2:1 slope, using fired tile or pre 

cast concrete slabs were also good investments when the joints were plastered. 

Meijer et al. (2006) studied on impacts of concrete lining of 

irrigation canals on availability of water for domestic use in southern Sri 

Lanka. From the measurements it was determined that canal seepage provides 

an important contribution to groundwater recharge. It was estimated that after 

concrete lining the annual groundwater recharge in the irrigated areas will be 

reduced by approximately 50%. This saves a substantial amount of water that 

can be used to extend the irrigation area so more people can benefit from the 

available irrigation water. 

Abu-Khashaba (2013) studied on innovating impermeable concrete 

appropriate for canal lining using a specific mixing ratio and applying it to a 

pilot reach. This research was initiated with the objective of innovating 

impermeable concrete appropriate for canal lining (i.e. to improve their 

function, as they lose water through evaporation, seepage and leakage) using a 

specific mixing ratio. The results proved that the permeability/microstructure 

of EN-1 mixes (i.e. consisting of mortar, limestone powder and a chemical 

engineering admixture "EN-1 RBS", mainly defined as a permeability 

reducing admixture), as well as its long-term performance, was satisfactorily 

improved. 

 

2.4.2 Coir Geo-textiles 

Geo-textiles are natural or synthetic fibres used for covering the earth. 

The fibres are woven or non-woven in the form of matt with standard weaving 

procedure, some are also knit. They are porous and can allow filtration of 

specific size particles only through them and are also porous to allow water to 

flow within their plane. Coir geotextiles can be used either as an overlay or an 

http://www.sciencedirect.com/science/article/pii/S0378377406000023
http://www.sciencedirect.com/science/article/pii/S0378377406000023
http://www.sciencedirect.com/science/article/pii/S0378377406000023


interlay – the former protecting the surface from run-off and the latter 

performing the functions of separation, filtration and drainage. 

Cammack (1988) reported the use of coir geotextiles in Noora basin in 

Australia, for causeway protection to prevent wave-lap erosion in saline water 

condition. He also reported that the accuracy of Coir geotextiles, with a 

density of 500g/m
2
, in reducing the water velocity and soil loss was reported 

to be 77% and 98.4% respectively relative to bare soil conditions. 

Sotir and Simms (1991) illustrated case studies of river bank 

stabilisation using coir geotextiles in USA. In Longfellow Creek Bypass 

Channel, Coir geotextiles with selected plants were used to stabilise 

trapezoidal channel slopes. Results show that use of coir geotextiles in and 

along streams and river bank protection, and for the establishment of healthy 

riparian zones for aquatic enhancement appears to be a viable alternative. 

White et al. (1991) reported various control techniques adopted by 

Illinois department of conservation for the control of stream bank erosion of 

the Crow Creek. He reveals that coir geotextiles were found to be the most 

effective and environmentally sound biotechnical application to effectively 

enhance our environment. 

Schurholz (1992) reported the durability of coir geotextile. According 

to him the coir geotextile retained 20 % of their original tensile strength after 

one year in incubator test with high fertile soil. He further observed that when 

natural fabrics kept wet for 167 days with conditions to simulate the traction 

effect while flooding, coir had almost no damage. 

Schurholz et al. (1992) illustrated various field trials using coir 

geotextiles in Germany. It includes stabilisation of a creek bed and its bank 

using woven geotextiles, river bank stabilisation and re-vegetation of shore 

lines by sedimentation. 

Theisen (1992) studied and concluded that the use of geosynthetic 

erosion and sediment materials continues to expand at a rapid pace. 

Geosynthetic components are an integral part of erosion and sediment 

materials ranging from temporary products such as hydraulic mulch geofibers, 



plastic erosion control meshes and nettings, erosion control blankets and silt 

fences to high performance turf reinforcement mats, geocellular confinement 

systems, erosion control geotextiles and fabric formed revetments. 

Sudhakaran (1994) shown that coir geotextiles are effective in 

riverbank protection and also that it is economical in its use with 50% 

reduction in cost compared to the conventional gravel lining process. 

Ogbobe et al.(1998) studies the effectiveness of geotextiles in 

decreasing soil erosion which depended mainly on several properties, such as 

percentage of open area, mass per unit area, thickness, tensile strength, mass 

of geotextiles per unit area when wet, design and drapability. It was also 

suggested that the use of geotextile mats on bare soil significantly reduced soil 

splash height by 51% and splash erosion by 90%. 

Babu et al. (1999) had reported the results of exhaustive study carried 

out to explore the behaviour of coir geotextile reinforced subgrade soils in 

terms of California Bearing Ratio. From the studies, it is clear that the 

presence of coir geotextiles influences the strength of subgrade due to the 

interaction between soil and coir geotextile in soaked and unsoaked condition. 

Swihart and Haynes. (2002) studies and reported that all geomembrane 

materials, like HDPE, Linear low density polyethylene (LLDPE), 

Polyvinylchloride (PVC), Flexible polypropylene (fPP), Chlorosulphonated 

polyethylene(CSPE), Ethylene-propylene diene monomer (EPDM), 

bituminous geomembrane (BGM)), and Polyurea (PU), are effective in 

reducing water seepage/ leakage and allow increased flow rates. However, in 

practice, they may not be totally leak-tight. They differ in their abilities to lay 

and remain flat as temperatures change, in their abilities to conform to rough 

sub grades and differential settlement without impacting durability, in their 

tolerance of installation damage, UV radiation and oxidation, and in their 

abilities to be easily installed and repaired 

Venkatappa and Dutta (2005) conducted monotonic and cyclic load 

test on Kaolinite sand bed with geotextile placed at the interface of the two 



soils. It was found bearing pressure of the soil improved by about 33% when 

reinforced with coir geotextiles. 

Shaheem S and Tomy Cyriac (2013) studied on performance 

evaluation of coir geo-textiles as earth reinforcement in soil structures and 

found that Coir Geotextiles offer a major solution for subgrade improvement 

and soil structure protection. Based on the performance evaluation studies 

conducted on coir geotextiles laid reinforced roads, it is found that H2M5 

grade (700g/m2) laid reinforced roads perform better than H2M6 grade 

(400g/m2) coir geotextiles. The study conducted using coir geotextiles for 

embankment protection shows that the coir geotextile laid embankments 

perform very good in terms of functional and structural evaluation. 

 2.4.3 Jute Geotextiles 

Use of jute geotextile is the emergent technology in the field of 

geotechnical engineering. Jute geotextile is manufactured from raw jute fibres 

in the jute mills. Cellulose, hemicelluloses, alpha cellulose, lignin are the main 

components of the jute fibers. Environment sustainability is the most 

important issue in the modern development strategy. In case of jute geotextile 

it is needless to say that it is environment friendly. So selection of jute 

geotextile to improve the soil for any project in geotechnical engineering is 

also beneficial to environment. 

Thomson & Ingold, (1986) studied on synthetic and jute geotextile on 

erosion control and concluded that JGT reduced erosion with lower rainfall 

intensity to 9% and 27% than that of an unprotected soil for initially dry and 

wet soil conditions respectively and tha comparable figures for Enviromat 

were 6% and 25%. 

Fifield et al (1988) reported a yield factor (ratio of soil loss from soil 

covered by an erosion control system to soil loss from bare soil) of as high as 

0.3, whereas after about one year with the establishment of good grass cover a 

value of 0.01 was recommended. 

Parikh and Shroff  (1989)  studied on  grouted geosynthetic mattresses 

have been used as canal lining under flowing water conditions to prevent 

erosion of the canal bed in the Kakrapar canals in Gujarat. Mattresses were 



laid in lengths of 15 cm in the canal bed as well as on the side slopes and then 

filled with a cement-sand slurry and found that it is effective. 

Ramaswamy and Aziz (1989) have conducted some studies on jute  

geotextiles and their applications. The laboratory test results conclusively 

showed that the stress- strength characteristics of the soil are better with the 

jute fabric than without it. The study also showed the beneficial effects of 

natural jute geotextiles for subgrade stabilisation.  

Ingold and Thomson (1990) carried out  studies which indicates that 

JGT installed in sandy loam soil on 1:2 slope reduced the soil loss to about 1.3 

g/mm compared to 8.8 g/mm from control. 

Ingold et al. (1990) studied on the performance of Jute geotextile in 

surficial erosion control and found that Jute and enviromat are very effective 

in reducing erosion for the soil tested. The entire product reduced erosion at 

the higher intensity rainfall where jute proved to be the most effective. At 

lower intensity rainfall jute and enviromat gave similar performances, 

although the jute tended to become more effective with time throughout the 

tests. 

Sanyal et al. (1992) studied on control of bank erosion naturally- a 

pilot project in Nayachara island (West Bengal) - in the river Hugli and they 

concluded that the undisturbed bank even after 11 years of study JGT 

performed its designated functions as river bank protection and helped in 

natural consolidation of the bank soil and durability of JGT beyond 1½ years, 

even under continuing adverse conditions, proved to be redundant due to 

catalytic function of JGT. 

Choudhury et al. (2008) studied on lining of open channel with jute 

geotextile and its performance in seepage control and concluded that Jute non-

woven geo-textile of 250 g/m² and 300 g/m² fabric weight were coated with 

polyethylene sheet on one side and both sides and were experimented to 

assess the seepage loss through open channels. 300 g/m² fabric with both sides 

coated controlled seepage most efficiently. Single side coated sheets also 

performed well in seepage control, but allowed more water to seep compared 

to double side coated sheets. However, 250 g/m² fabric with both sides 

laminated yielded optimum performance. 



Ganguly et.al. (2008 ) studied on Lining of open channel with jute 

geo-textile and its performance in seepage control, and found that jute non-

woven geo-textile of 300g/m
2
 fabric with both side coated with polyethylene 

sheet controlled seepage most efficiently. 
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CHAPTER III 

MATERIALS AND METHODS 

A field study was conducted to compare different lining materials 

based on seepage characteristics. Various methods and techniques used in the 

data generation and validation are described in this chapter. 

3.1. Description of study area 

3.1.1 Location of the study 

Field experiment were conducted in the farm of KCAET campus, 

Tavanur, at 10
ᵒ 
52' 09.97" North Latitude and 75

ᵒ
 58' 34.20" East Longitude. 

The total area of the KCAET is 40.99ha, out of which total cropped area is 

29.65ha. Agronomicaly the area falls within the border line of Northern Zone 

and Central Zone of Kerala. The major part the rainfall received in this region 

is from South West monsoon. The average rainfall of the region varies from 

2500 to 2900mm. The soil type of study area is sandy loam. The area is under 

cultivation for more than 30 years.  

3.1.2 Climate 

Agro-climatically the area falls within the border line of northern zone, 

central zone and kole lands of Kerala. The average annual rainfall received in 

the area is about 2900 mm and has a humid climate. Medium to high rainfall 

zones are available within 10-15 km of the area. The area receives the rainfall 

mainly from south-west monsoon and north-east monsoon. The average 

maximum temperature of the study area was 31 
◦
C and the average minimum 

temperature was 26
 ◦
C. 

 

 

 

 

 



Table 1: Climatological data of experimental area 

Mean Maximum temperature                                                31ºC 

Mean Minimum temperature                                                 22.4ºC 

Average Relative humidity                                                    85% 

Average annual rainfall                                                         2900mm 

Pan evaporation                                                                     7mm/day 

Mean solar radiation                                                              87w/m
2
/day 

Number of rainy days                                                            125 

3.2. Soil properties 

3.2.1 Specific gravity 

Specific gravity of soil was determined by pycnometer method. 

Pycnometer of about 900 ml capacity, with a conical brass cap screwed at its 

top was used. The mass of empty dry pycnometer with brass cap and washer 

(M1) was first taken. A sample of oven dried soil, cooled in desiccators, put in 

the pycnometer and the mass M2 was taken. The pycnometer was then filled 

with distilled water gradually and stirred well with glass rod. The mass M3 of 

the pycnometer, soil, and water (full up to the top) was taken. Finally, the 

pycnometer was emptied completely and thoroughly washed, and clean water 

was filled to the top, and the mass M4 was taken. Based on these four 

observations, the specific gravity can be computed as:    

                         G=  
     

(     ) (     )
 

     Where 

         G = Specific gravity 

         M1 = Mass of dry pycnometer with brass cap and washer (g) 

         M2 = Mass of dry pycnometer with dry soil (g) 

         M3 = Mass of dry pycnometer with soil and water filler up to the top (g) 

         M4 = Mass of pycnometer and clear water filled up to the top (g)             



3.2.2 Particle size distribution 

The percentage of various sizes of particles in the dry soil sample was 

found by particle size analysis or mechanical analysis. Mechanical analysis 

was meant for the separation of soil into its different size fractions. The IS 

sieves selected where 4.75, 2, 1, 0.60, 0.425, 0.3, 0.212, 0.150, 0.075 mm. 

Sieve analysis 

In the BS and ASTM standards, the sieve sizes are given in terms of 

the number of openings per inch. The number openings per square inch are 

equal to the square of the number of sieve. The sieves used for fine sieve 

analysis are: 2.0 mm, 1.0 mm, 600 µm, 425 µm, 300 µm, 212 µm, 150 µm, & 

75 µm IS sieves. For this purpose about 1 kg of soil was collected from site 

after removing a top layer of 5 cm depth. The oven dried soil of about 500 g 

soil was taken for analysis each time.  

Sieving was performed by arranging the various sieves one over the 

other in the order of their mesh openings-the largest aperture sieve being kept 

at the top and the smallest aperture sieve being kept at the bottom. A receiver 

was kept at the bottom and a cover was kept at the top of the whole assembly. 

The weighed oven dried soil sample was put on the top sieve, and whole 

assembly was fitted on a sieve shaking machine the amount of shaking 

depends upon the shape and the number of particles. At least 10 minutes of 

shaking was done for soils with small particles. The portion of the soil sample 

retained on each sieve was weighed. The percentage of soil sample retained on 

each sieve was calculated on the basis of the total mass of the soil sample 

taken and from these results percentage passing through each sieve was 

calculated. 

 

 

 

 



Particle size distribution curve 

The results of the mechanical analysis are plotted to get a particle size 

distribution curve with the percentage finer (N) as the ordinate and the particle 

diameter as the abscissa, the diameter being plotted on a logarithmic scale. 

3.2.3 Moisture content 

The moist sample was kept in clean container. The mass of the soil and 

container with lid was determined. With the lid removed, the container was 

then placed in the oven and maintains the temperature of the oven between 

105
◦
C - 110

 ◦
C for about 16-24 hours. After drying the container was taken 

from oven and allows for cooling. The lid was then removed and the mass of 

the container and dry soil was found. The water content was calculated by the 

following equation: 

W = 
     

     
 

Where,  

M1 = mass of container with lid, g 

M2 = mass of container with lid and wet soil, g 

M3 = mass of container with lid and dry soil, g 

3.2.4 Saturated hydraulic conductivity 

Soil sample were collected using cylindrical core. Then, the sample 

was kept for saturation. After saturation it was placed in the permeameter 

mould assembly in the bottom tank and the bottom tank was filled with water 

up to its outlet. The water inlet nozzle of the mould was connected to the stand 

pipe filled with water. Water supply was given to the constant head 

permeameter. The soil column length (L); the head of the water over the soil 

column, h (cm) etc were noted. A measuring cylinder was placed below the 

soil column to collect discharge. The water was allowed to infiltrate and 

discharge was measured once in 5 minutes and the process was repeated till 

the consecutive values were reached.  



Saturated hydraulic conductivity was calculated by using the Darcy‟s law 

Ks = 
 

 
  

 
   

 
 

Where, 

         Q = Quantity of flow (cm
3
/sec) 

          t = Time interval (s) 

          L = Length of sample (m), 

          h = Hydraulic head (cm) 

          A = Cross sectional area of the sample (m
2
) 

The mean value of Ks was found out.  

3.2.5 Infiltration 

Infiltrometer is the device used to measure the rate of water infiltration 

into soil or other porous media. Commonly used infiltrometer are single ring 

or double ring infiltrometer and disc permeameter. 

In this study infiltration rate was studied using double ring 

infiltrometer. The experimental set up used in infiltration measurement is 

illustrated in plate 10.  25cm deep cylinders of diameter 30cm and 20cm were 

used for experiment. The cylinders were installed about 10cm deep in the soil. 

The cylinders were driven into the ground by a falling weight type hammer. 

Then water was added to both cylinders. The water level in the inner cylinder 

was read with steel rile placed in the inner cylinders. A stop watch started at 

the instant of the addition of water begins. The total quantity of water added to 

the inner cylinder was determined by counting the number of full containers 

of water and the fractional volume in the jar, which was added last. The 

difference between the quantity of water added and the volume of water in the 

cylinder at the instant it reach the desired point was taken as the quantity of 

water that infiltrates during the time interval between the start of filling and 

the first measurement. After the initial reading the water level measurements 



were made at frequent intervals to determine the amount of water that has 

infiltrated during the time interval. Water was added quickly after each 

measurement so that a constant average infiltration head could be maintained. 

The buffer pond was filled with water immediately after filling the inner 

cylinder to have an equal water level. The experiment was followed till 

considerable readings were obtained. Then the readings (water level) at 

regular intervals were taken and tabulated and infiltration rate was determined. 

Using the data an equation of following form was developed to find 

functional relationship 

                                            Y= at
α 

+ b 

Where: 

Y= accumulated infiltration (cm) 

t= elapsed time (min) 

a, b, α= constant 

3.3 Properties of lining materials 

3.3.1 Bulk density 

A 50×30cm material was taken and the weight and thickness was 

measured using weighing balance and metallic scale. The volume was 

calculated. 

Bulk density = 
       (  )

                         (   )
 

 

3.4 Experimental details 

A field experiment was conducted to find out which low cost lining 

material possesses good lining quality. The experiment was conducted at the 

instructional farm, KCAET, Tavanur. The size of the experimental field was 

30 12m . The layout of the experiment field is shown in Fig.1 



3.4.1 Field preparation 

The field was levelled first. After levelling, four trapezoidal channels 

having the dimensions length 8m, top width of 2.2m, Bottom width of 0.8m, 

Height of 0.7m side slope of 1:½ and bed slope of 1:1000 was prepared in the 

field with a minimum spacing of 4m between the channels.  The cross- 

sectional view of one channel is shown in Fig.2. After the construction of four 

channels, the lining materials such as coir geo-textile, gunny cloth and plastic 

sheet material made from plastic sack were laid. The plastic sheet material 

was fixed to the channel with metallic pegs. The two ends of the channels 

were blocked with impervious material. The experimental set up of different 

channels before ponding is shown in Plate 1 to 4.  The experiment was 

conducted during the months of September 2013 to January 2014 

3.4.2 Experimental layout 

The statistical design was a randomised block design with five 

replications. Three different lining materials were used. The treatments are as 

follows:  

T1-  Channel with coir geo-textile as lining material 

T2- Channel with gunny cloth as lining material 

T3- Channel with plastic sheet material as lining material 

T4- Channel without any lining material (control) 

 



 

Fig 1: Layout of the experimental plot 

 

 

Fig 2: Cross section of single channel 

All dimensions are in metres.                                                                                  

                                             



 

Plate 1: Coir Geo-textile lined channel before ponding 

 

Plate 2: Gunny cloth lined channel before ponding 

 



 

Plate 3: Plastic sheet material lined channel before ponding 

 

Plate 4: Control channel before ponding 

 

 



3.4.3 Seepage rate 

The seepage through different lining material was found out by filling 

the channel up to a height of 30cm from the bottom and the depth of water at 

different time intervals i.e., 0, 15, 45, 90, 150, 225, 315, 420, 540 minutes 

were taken from the four channels using metallic ruler. Readings were taken 

from 1m and 7m from the upstream side. And the average was taken for 

calculations. The view of the field channels at the time of ponding is shown in 

Plate 5 to 8. With this, the depth of water lost due to seepage was found out 

and with that the volume of water lost was calculated. Depth of water lost due 

to seepage at any interval is found out by, 

Y = Y1 - Y2 

Where,  

Y  =  Difference in depth (cm) 

Y1 = Initial depth (cm) 

Y2 = Final depth (cm) 

Seepage rate = Y/t  

 Where t = time in hrs 

3.4.4 Soil moisture distribution pattern 

The moisture lost due to seepage was determined by measuring the 

moisture content in horizontal distance and at several depths within the sides 

of each channel. From the moisture content data obtained, soil moisture 

distribution due to seepage was obtained. This provides a basis for deciding 

the suitable lining material. 

Soil moisture content was taken before and after the experiment. The 

observation was taken at 20, 40, and 60cm horizontal distance from the edge 

of the channel. The measurements were taken at different depths of 20, 30, 

and 60cm from each horizontal distance in every treatment before and after 



the experiment. The soil moisture measurements were done by gravimetric 

method since it is most accurate  

 

Plate 5: Coir Geo-textile lined channel at the time of ponding 

 

 

Plate 6: Gunny cloth lined channel at the time of ponding 



 

Plate 7: Plastic sheet lined channel at the time of ponding 

 

 

Plate 8: Control channel at the time of ponding 

 

 



one. Soil samples were taken from different depths and horizontal distances 

using spade and tube type soil augers. After taking the soil samples, they were 

kept in moisture boxes and covered immediately with lids. The samples are 

weighed along with the moisture box (W2) and placed in the oven at 105ºC for 

24 hours until the moisture was driven off. It was weighed again and the 

weight (W3) was noted. Soil moisture content is expressed as percentage dry 

basis.  

Moisture content was calculated using the formula: 

Moisture Content (%) =  
(     )    

(     )
 

Where,  

W1 = Weight of empty container (g) 

           W2 = Weight of container and moist soil (g) 

           W3 = Weight of container and dry soil (g)  

Soil moisture distribution pattern was drawn by noting the moisture 

content values in horizontal and vertical distance from the channel before and 

after the experiment by using software. 

3.6 Weed Count 

As the channels are constructed in farming land, there are possibility 

for the growth of weeds in the channel bed and sides. Since the weeds grown 

in the channels will reduce the velocity of flow, it should be considered. The 

weed count is taken three months after the channels are formed. 

The weed count was determined by using a 10×10cm square. The 

square was placed on four places in the channel randomly and the number of 

weeds inside the square was counted.  

 

 



3.7 Analysis of the data observed 

Statistical analysis of the data obtained was done using RBD analysis 

in the computer package. Analysis of variance was done to find out the 

significant difference in the treatments. The level of significance used was 

5%. Critical differences in treatments were also calculated for all the treatment 

means. The result is presented in the next chapter. 

 

3.8. Cost of different lining materials 

The costs of each lining material are collected from the market to 

compare the  total costs.  
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CHAPTER IV 

RESULT AND DISCUSSION 

The study was conducted to compare different lining materials on the 

basis of their seepage characteristics. The soil characteristics as specific 

gravity, moisture content, infiltration and permeability were studied. The 

seepage characteristics were studied by ponding method and analyzed the 

flow net pattern for each lining material. 

The results obtained from this study were analyzed to provide better 

lining material which is locally available and cheap. The results of the study 

were described in this chapter. 

4.1 Soil Properties 

4.1.1 Specific Gravity 

Specific gravity of the field sample is determined using pycnometer 

method and the experimental data is given in APPENDIX I. The result shows 

that the specific gravity of the experimental plot soil was 2.4.  

4.1.2. Evaluation of soil Physical Properties 

The result of the mechanical analysis is plotted to get particle size 

distribution curve. In this curve percentage finer „N‟ is taken as ordinate and 

particle diameter (mm) as the abscissa on logarithmic scale. The resulting 

curve is shown in Fig 3. The figure showed that the soil sample consisted of 

60.86% sand having size ranging from 2 to 0.05mm, 36.82% silt (0.05 to 

0.002mm) and the remaining part 1.59% clay. As per the USDA classification 

chart, the textural class of the soil was found to be sandy loam. The result of 

soil textural analysis is shown in APPENDIX II. 



 

Fig 3. Particle size distribution curve 

4.1.3. Moisture Content 

The moisture content from the experimental plot was found by 

gravimetric method. Table 2 shows the moisture content of the experimental 

field before starting the experiment. The samples were collected randomly 

from 3 different places and the field data on moisture content determination is 

given in APPENDIX III. 

                  Table 2: Moisture content of the soil in the experimental plot 

Can 

No. 

Weight of 

wet soil (g) 

Weight of 

dry soil (g) 

 Moisture 

content 

(%) 

1 41.5 36 15.71 

2 46 40.5 14.29 

3 59 50 19.15 

                                  

The average moisture content in the experimental field was found as 15.62 % 
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4.1.4. Saturated Hydraulic conductivity 

Quantity of flow was obtained at a particular time interval of 5 

minutes. The experimental values are given in APPENDIX IV. The hydraulic 

conductivity was calculated using Darcy‟s law. 

Average saturated hydraulic conductivity of the soil was 1.517×10
-
³ 

cm/sec 

4.1.5. Infiltration rate 

Cylinder infiltrometer test was conducted in the field to determine the 

infiltration rate of the soil. 

The variation of average infiltration rate with elapsed time is shown in 

Fig 4. The curve indicates that the infiltration rate decreases with increase in 

the elapsed time and finally reaches a constant value. This value termed as 

infiltration capacity or basic infiltration rate of the soil. As water moves 

through deeper layer, hydraulic gradient decreases and thereby infiltration rate 

also decreases. The functional relationship between accumulated infiltration 

(Y) and elapsed time (t) is represented by the empirical equation 

                     Y = at
α
 + b where 

                             a, α, b are constants.   

 

Fig 4: Variation of accumulated infiltration and average infiltration rate 

with elapsed time 
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From the observations obtained in this test the value of a, α and b are 

determined by the method of averages and is shown in APPENDIX V. The 

functional relationship connecting the infiltration rate and time is given by 

Y= 0.49 t
0.8 

+ 0.077 

The basic infiltration rate for sandy loam soil ranges between 6.5 to 

12.5 cm/h. The average basic infiltration rate obtained for the soil, i.e., 9 cm/h 

is within this range.  

4.2 Properties of lining materials 

4.2.1 Bulk density 

Bulk density of Coir geo-textile  = 0.2 g/cc 

Bulk density of gunny cloth        = 0.23 g/cc 

Bulk density of plastic sheet         = 0.18 g/cc 

4.3 Seepage rate 

Determination of seepage rate was done. The average evaporation rate 

from the experimental area was 7mm/day. As this value is very small, it is not 

considered for the calculation of the actual seepage rate. The curves showing 

the variation of seepage rate with elapsed time for different lining materials 

lined channels and also for the channel without any lining material (control) 

are shown in Fig 5 to 8.  Ponding was done in the channel up to a height of 30 

cm. Fig. 5 shows that in coir geo-textile laid channel (T1), after 15 minutes, 

the average seepage rate observed was 9.04cm/hr. After 225 minutes and 420 

minutes, it was 3.12 cm/hr and 2.35cm/hr. In T2, gunny cloth lined channel, 

initially it was 12.44cm/hr and after 225 min and 420 min it was 2.846and1.99 

cm/hr. The channel lined with plastic sheet material (T3), it was 12.8, 3.03and 

1.94cm/hr. In case of channel without lining material (T4) it was18.64, 3.608 

and 1.308 cm/hr. In all cases, initially the seepage rate was maximum. After 

15 minutes, the maximum rate was observed in channel without lining. The 

least was observed in coir geo-textile. Fig. shows that in between 15 and 225 

minutes (i.e., for 45, 90 and 150 minutes), there is a notable variation in 



seepage rate in all cases, and in case of coir geo-textile (T1) it was less 

compared to other treatments and gunny cloth and plastic sheet material (T2 

and T3) shows almost same trend and control (T4) shows maximum variation.  

After 225 minutes also, maximum seepage rate was observed in control. There 

is no significant difference in seepage rate between coir geo-textile, gunny 

cloth and plastic sheet material. After 420 minutes also, there is no significant 

difference in seepage rate between coir geo-textile (1.5cm/hr), gunny cloth (1 

cm/hr) and plastic sheet material (0.75 cm/hr). After 420 minutes also, some 

water is available in coir geo-textile lined channel. The least was observed in 

control. The statistical analysis was done by using ANOVA and is shown in 

Table 3 to 5. It shows that there is no significant difference between 

replications 15 minutes after ponding but significant difference was observed 

among treatments with 5% significance level. After 225 minutes, analysis 

shows that there was no significant difference in both treatments and 

replications (Table 4) with 5 % significance level. After 420 minutes also, 

there was no significant difference among treatments with 5 % significance 

level (Table 5).  As the time passes the seepage rate reduces and becomes zero 

as the depth of water becomes zero. 

 

 

Fig 5: Variation of seepage rate with elapsed time for coir geo-textile 

lined channel 
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Fig 6: Variation of seepage rate with elapsed time for gunny cloth lined 

channel 

 

Fig 7: Variation of seepage rate with elapsed time for plastic sheet 

material lined channel 
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Fig 8: Variation of seepage rate with elapsed time for channel without 

lining (control)  

Table 3: Anova table for seepage rate after 15 minutes ponding                                                                                      

Source df ss Ms F-

ratio 

Tab 

value 

Remarks 

Blocks 4 60.65 15.16 0.96 3.26 NS 

Treatments 3 230.17 79.39 5.04 3.49 * 

Error 12 188.96 15.75    

Total 19 487.78     

                                                                                                                                    CD=5.47 

Table 4: ANOVA table for seepage rate after 225 minutes ponding 

Source df ss Ms F-

ratio 

Tab 

value 

Remarks 

Blocks 4 1.67 0.42 1.41 3.26 NS 

Treatments 3 2.35 0.75 2.64 3.49 NS 

Error 12 3.56     

Total 19 7.57     
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Table 5: ANOVA table for seepage rate after 540 minutes ponding 

Source df ss Ms F-

ratio 

Tab 

value 

Remarks 

Blocks 4 2.81 0.7 1.91 3.26 NS 

Treatments 3 2.82 0.94 2.55 3.49 NS 

Error 12 4.41 0.37    

Total 19 10.04     

 

 

4.4 Soil moisture distribution pattern 

The data obtained from the field study was analysed to understand the 

soil moisture distribution pattern due to seepage from the channels. The data 

was taken before ponding and 540 minutes after ponding for five replications. 

The soil samples were collected from different depths and horizontal 

distances. Gravimetric method was used to evaluate the soil moisture regime 

in the sides of the channels, which helps in monitoring the distribution of soil 

moisture as a function of depth as well as horizontal distance from the 

channel. The data also provide information regarding the characteristics of the 

soil moisture distribution as a function of elapsed time and type of lining 

material used.  

The soil samples were taken from three different depths in the sides 

i.e., 20, 40 and 60cm and lateral distances of 20, 40 and 60cm from the edge 

of the channel. The analysis of data of moisture content before ponding and 

540 minutes after ponding was done and moisture contour maps were plotted 

by using computer software package of windows version. The moisture 

distribution patterns hence obtained are shown in Fig 9 and Fig 10. The field 

used for this is given in APPENDIX VII.  

The moisture content before ponding in channels with different lining 

materials shows that at 20 cm vertical and horizontal distances it ranges 

between 13.5 to 15.5%. The moisture content in channels with different lining 

materials shows significant change in moisture content 540 minutes after 



ponding. The maximum moisture content 540 minutes after ponding for 

horizontal and vertical distance of 20, 40 and 60 cm was observed for 

channels lined with different materials.  At 20 cm vertical and horizontal 

distance, the maximum moisture content observed was 20.72% for control, 

followed 18.55 % for coir geo-textile and gunny cloth (18.4%). The moisture 

content observed was 17.72% for plastic sheet material.  At 40 cm vertical and 

horizontal distance, the maximum moisture content observed was 25.56% for 

control, followed by 23.48 % for gunny cloth and plastic sheet material 

(23.38%). The moisture content observed was 22.88% for coir geo-textile. At 

60 cm vertical and horizontal distance, the maximum moisture content 

observed was 28.5% for control, followed by 25.38 % for gunny cloth and 

coir geo-textile (24.04%).  The moisture content observed was 23.3% for 

plastic sheet material. In all cases, the maximum moisture content was 

observed in control. For all lining materials, the moisture content was 

observed less in 20 cm horizontal distance and vertical distance. This may 

because the ponding depth kept was 30 cm so that the quantity of water 

available and the contact time for water was less for 20 cm distance. As this 

layer is very near to the surface layer due to high rate of evaporation, 

percolation and uneven distribution of moisture, the moisture content was 

found less compared to 40 and 60 cm depths. For all lining materials, the 

moisture content increases with depth. The maximum moisture content 

observed for coir geo-textile and plastic sheet material was at 40cm horizontal 

distance and 60cm vertical distance.  But for gunny cloth lined channel and in 

control, the maximum moisture content was observed at 60 cm vertical and 

horizontal distances. This implies that the seepage (lateral movement of water) 

is less in coir geo-textile and plastic sheet material compared to gunny cloth 

and control channel. The accumulated infiltration and seepage depths will be 

high in the deeper layer. The moisture contour maps revealed that there is a 

distinct variation in moisture content between the points with respect to 

horizontal distance as well as vertical distance. The contour maps also show 

that there is a uniform distribution of moisture in coir geo-textile, followed by 

gunny cloth. The least uniformity was found in channel without any lining 

material (control).  



The statistical analysis was done using ANOVA shown in Table6. The 

result of the analysis shows that there is significant difference among 

treatments and no significant difference in replications. 

From the observed moisture content values shows that maximum 

moisture content at different horizontal and vertical distance was more for  

channel without lining material (control) and the minimum moisture content 

was observed for coir geo-textile. The soil moisture contour maps also 

revealed that uniform distribution of soil moisture after 540 minutes ponding 

is observed in coir geo-textile lined channel. Hence coir geo-textile is a better 

lining material compared to other lining materials used in the study. 

Table 6: ANOVA table for moisture distribution at 60cm horizontal and 

vertical after 540 minutes ponding 

Source df ss ms F-

ratio 

Tab 

value 

Remarks 

Blocks 4 64.55 16.14 2.63 3.26 NS 

Treatments 3 73.96 24.65 4.02 3.49 * 

Error 73.5 4.41 6.13    

Total 80.5 10.04     
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Fig  9. Soil moisture distribution pattern– Before ponding 
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Fig 10. Soil moisture distribution pattern– after 540 minutes ponding 
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4.5 Weed Count 

Weed count was taken from the field.  The average weed counts from 

each channel are: 

             TREATMENT 1 = 0.1275/cm
2
 

             TREATMENT 2 = 0.0775/cm
2
 

             TREATMENT 3 = 0.0075/cm
2
 

             TREATMENT 4 = 0.15/cm
2
 

It shows that density of weeds is more in control (T4) followed by coir geo-

textile lined channel (T1), gunny cloth lined channel (T2) and least in plastic 

sheet material lined channel (T3). The weed density in coir geo-textile lined 

channel is better compared to other lining materials. The data is given in 

APPENDIX VIII.  

 

4.6 Cost of different lining materials 

Total cost for coir geo-textile                : Rs. 1706 

Total cost for gunny cloth                     :  Rs. 270  

Total cost for Plastic sheet material       : Rs. 54 

 

The results show that initially after 15 minutes, there is a drastic 

change in the seepage rate between the treatments, from 45 to 150 minutes 

variation in seepage rate was maximum in control (T4) and in case of coir 

geo-textile (T1) variation in seepage rate was less compared to other 

treatments. Jute gunny cloth and plastic sheet material (T2 and T3) shows 

almost same trend. After 225 and 420 minutes, maximum seepage rate was 

observed in control. There is no significant difference in seepage rate between 

coir geo-textile, jute geo textile and plastic sheet material. After 420 minutes 

seepage rate observed for coir geotextile lined channel (T1) was 1.5cm/hr, 1 

cm/hr for gunny cloth lined channel (T2), 0.75 cm/hr for plastic sheet material 

(T3) and for control (T4) it was almost zero. After 420 minutes also, some 

water is available in coir geo-textile lined channel. The least was observed in 

control. The result implies that variation in seepage rate was less in coir geo-

textile compared to other treatments. In all cases, the maximum moisture 

content was observed in control. For all lining materials, the moisture content 

was observed less in 20 cm horizontal distance and vertical distance. For all 



lining materials, the moisture content increases with depth. The maximum 

moisture content observed for (T1 and T3) coir geo-textile and plastic sheet 

material was at 40cm horizontal distance and 60cm vertical distance.  But for 

gunny cloth lined channel (T2 and T4) and in control, the maximum moisture 

content was observed at 60 cm vertical and horizontal distances. This implies 

that the seepage (lateral movement of water) is less in coir geo-textile and 

plastic sheet material compared to gunny cloth and control channel. The 

contour maps also show that there is a uniform distribution of moisture in coir 

geo-textile (T1), followed by gunny cloth (T3). The least uniformity was 

found in channel without any lining material (T4). 

As far as the cost is concerned, plastic sheet material is more cheaply 

available compared to other treatments, but it should be fixed to the soil well. 

Because of its light weight, there is a chance to float. Its life is also very short. 

The variation in seepage rate is minimum, uniform moisture distribution and 

minimum lateral movement of water was found in coir geo-textile (T1).The 

weed count in the coir geo-textile lined channel (T1) was also observed high 

after a prolonged time compared to jute gunny cloth(T2) and plastic sheet 

lined one(T3). For the purpose of channel slope stabilization and long 

durability, geo-textiles lined channels are better. As the time passes they act as 

vegetated waterways.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

SUMMARY AND CONCLUSIONS 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The study entitled “Comparison of different lining materials for field 

channels based on the seepage characteristics” was aimed to assess the 

seepage characteristics of locally available low cost lining materials such as 

coir geo-textile, gunny cloth, and plastic sheet material which were used to 

line the earthen channels. The study was conducted at instructional farm of 

KCAET, Tavanur in the month of September 2013 to January 2014.The 

experiment set up consists of four treatments including one control and five 

replications. The plot was of 30 12 m size and four channels of trapezoidal 

cross section with dimensions top width 2.2m bottom width of 0.8m, depth of 

0.7m and a side slope of 1:½ bed slope of 1:1000 and length 8m were 

constructed and lined with coir geo-textile, jute gunny cloth, plastic sheet and 

without any lining material(control). The soil properties like texture, moisture 

content, specific gravity, hydraulic conductivity, infiltration etc. were studied. 

The bulk density of the different lining materials was also studied. The 

textural analysis revealed that soil type in the area was sandy loam in nature. 

At normal condition, the moisture content was randomly distributed in the 

area because of evaporation and difference in infiltration rate through the soil 

layers. The seepage through different lining material was found out by filling 

the channel up to a height of 30cm from the bottom and the depth of water at 

different time intervals i.e., 0, 15, 45, 90, 150, 225, 315, 420, 540 minutes 

were taken. Soil moisture content was taken before and after ponding. The 

observation was taken at 20, 40, and 60cm horizontal distance from the edge 

of the channel. The measurements were taken at different depths of 20, 30, 

and 60cm from each horizontal distance in every treatment before and after 

the ponding. The soil moisture measurements were done by gravimetric 

method since it is most accurate one. The soil moisture contour maps were 

prepared for each channel before ponding and 540 minutes after ponding. 

Weed count was taken from each channel 3 months after construction.   

For Treatment 1, i.e. coir geotextile lined channel, (T1), after 15 

minutes, the average seepage rate observed was 9.04cm/hr. After 225 minutes 



and 420 minutes, it was 3.12 cm/hr and 2.35cm/hr. For Treatment 2, i.e. 

gunny cloth lined channel, seepage rate is high at initial time as in all cases. In 

T2, jute geo-textile lined channel, initially it was 12.44cm/hr and after 225 

min and 420 min it was 2.846and1.99 cm/hr. For Treatment 3, i.e. plastic 

sheet material lined channel, (T3), it was 12.8, 3.03and 1.94cm/hr. In case of 

channel without lining material (T4) it was18.64, 3.608 and 1.308 cm/hr.  

In all cases, initially the seepage rate was maximum. After 15 minutes, 

the maximum rate was observed in channel without lining. The least was 

observed in coir geo-textile. In between 15 and 225 minutes (i.e., for 45, 90 

and 150 minutes), there is a notable variation in seepage rate in all cases, and 

in case of coir geo-textile (T1) it was less compared to other treatments and 

gunny cloth and plastic sheet material (T2 and T3) shows almost same trend 

and control (T4) shows maximum variation.  After 225 minutes and 420 

minutes, maximum seepage rate was observed in control. There is no 

significant difference in seepage rate between coir geo-textile, jute geo textile 

and plastic sheet material. After 420 minutes also, some water is available in 

coir geo-textile lined channel. The least was observed in control. 

 The statistical analysis was shows that there is no significant 

difference between replications 15 minutes after ponding but significant 

difference was observed among treatments with 5% significance level. After 

225 and 420 minutes, analysis shows that there was no significant difference 

in both treatments and replications with 5 % significance level. As the time 

passes the seepage rate reduces and becomes zero as the depth of water 

becomes zero. 

The moisture content in channels with different lining materials shows 

significant change in moisture content 540 minutes after ponding.  The 

maximum moisture content 540 minutes after ponding for horizontal and 

vertical distance of 20, 40 and 60 cm was observed for channels lined with 

different materials.  At 20 cm vertical and horizontal distance, the maximum 

moisture content observed is 20.72% for control, followed 18.55 % for coir 

geo-textile and gunny cloth (18.4%). The moisture content observed was 

17.72% for plastic sheet material.  At 40 cm vertical and horizontal distance, 



the maximum moisture content observed was 25.56% for control, followed by 

23.48 % for gunny cloth and plastic sheet material (23.38%). The moisture 

content observed was 22.88% for coir geo-textile. At 60 cm vertical and 

horizontal distance, the maximum moisture content observed was 28.5% for 

control, followed by 25.38 % for gunny cloth and coir geo-textile (24.037%).  

The moisture content observed was 23.3% for plastic sheet material.  

In all cases, the maximum moisture content was observed in control. 

For all lining materials, the moisture content was observed less in 20 cm 

horizontal distance and vertical distance. This may because the ponding depth 

kept was 30 cm so that the quantity of water available and the contact time for 

water was less for 20 cm distance. As this layer is very near to the surface 

layer due to high rate of evaporation, percolation and uneven distribution of 

moisture, the moisture content was found less compared to 40 and 60 cm 

depths. 

 For all lining materials, the moisture content increases with depth. 

The maximum moisture content observed for coir geo-textile and plastic sheet 

material was at 40cm horizontal distance and 60cm vertical distance.  But for 

gunny cloth lined channel and in control, the maximum moisture content was 

observed at 60 cm vertical and horizontal distances. This implies that the 

seepage (lateral movement of water) is less in coir geo-textile and plastic sheet 

material compared to gunny cloth and control channel 

The contour maps also show that there is a uniform distribution of 

moisture in coir geo-textile, followed by gunny cloth. The least uniformity 

was found in channel without any lining material (control).  

The statistical analysis shows that there is significant difference among 

treatments and no significant difference in replications.  

The performance of plastic sheet material lined channel (T3) is better 

than jute gunny cloth lined channel in seepage rate and moisture content 

aspects. This channel was very less in weed count. The lining material is also 

have less cost and is more cheaply available compared to other materials, but 

it should be fixed to the soil well in a proper way. Because of its light weight, 

there is a chance to float. Its life is also very short.  



The weed count was observed high in control channel (T4) followed 

by the coir geo-textile lined channel (T1) after three months after construction 

and it was about 0.15/cm
2
 and 0.1275/cm

2 
respectively. The variation in 

seepage rate was minimum, uniform distribution of moisture and minimum 

lateral movement of water was found in coir geo-textile (T1) lined channel 

compared to all other treatments. For the purpose of channel slope 

stabilization and long durability also, geo-textiles lined channels are better. As 

the time passes they act as vegetated waterways.  
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APPENDICES 



APPENDIX I 

Specific gravity of the soil using Pycnometer. 

 

Mass of pycnometer M1 425 

Mass of pycnometer + Soil sample, M2 726 

Mass of pycnometer + Soil +  Water, 

M3 

1655 

Mass of pycnometer  + Water, M4 1476 

Specific gravity, G 2.47 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX II 

Grain size distribution of the soil (coarse fraction) 

 

Sl. 

No. 

IS 

Sieve 

Particle 

Size D 

(mm) 

Mass 

Retained 

(g) 

% 

Retained 

Cumulative 

% Retained 

Cumulative 

% finer(N) 

1 4.75 4.75 3.5 0.70 0.70 99.3 

2 2  2 4.8 0.96 1.66 98.34 

3 1  1 76 15.28 16.95 83.05 

4 600  0.6 32.8 6.59 23.54 76.46 

5 425  0.425 75.7 15.22 38.76 61.24 

6 300 0.3 113.4 22.80 61.56 38.43 

7 212 0.212 84.9 17.07 78.64 21.36 

8 150  0.15 62.3 12.53 91.17 8.83 

9 75  0.075 35.9 7.22 98.39 1.61 

10 Pan <0.075 8 1.61 99.99 0.01 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX III 

Determination of Moisture content by gravimetric method. 

 

Can 

No 

Mass of 

can (g) 

Mass of wet 

soil + can (g) 

Mass of dry soil 

+ can (g) 

Water content 

w (%) 

1 15 56.5 51 15.28 

2 13.5 59.5 54 13.58 

3 14 73 64 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX IV 

Saturated hydraulic conductivity. 

 

 Sample 1 Sample 2 Sample 3 

Hydraulic head, (cm) 115 115 115 

Length of sample, (cm) 12 12 12 

Cross sectional area of the 

sample, (cm²) 

78.53 78.53 78.53 

Time interval, (sec) 300 300 300 

Quantity of flow, (cm³) 347.5 338.5 342 

Coefficient of 

permeability, (cm/sec)  

1.54 × 10
-3

 1.5× 10
-3

 1.51× 10
-3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX V 

Infiltration 

Observations on double ring infiltrometer. 

 

Elapsed 

time 

Distance of water 

surface from ref. 

Point 

Infiltration during period 

(min) Before 

filling  

(cm) 

After 

filling 

(cm) 

Depth 

(cm) 

Average 

rate 

(cm/hr) 

Accumulated 

infiltration 

(cm) 

0  11   0 

5 9.3 11 1.7 20.4 1.7 

10 9.5 11 1.5 18 3.2 

15 9.7 11 1.3 15.6 4.5 

25 8.9 11 2.1 12.6 6.6 

35 9.1 11 1.9 11.4 8.5 

45 9.2 11 1.8 10.8 10.3 

60 8.4 11 2.6 10.4 12.9 

75 8.5 11 2.5 10 15.4 

90 8.6 11 2.4 9.6 17.8 

110 7.9 11 3.1 9.3 20.9 

130 8 11 3 9 23.9 

150 8 11 3 9 26.9 

 

Derivation of infiltration equation 

From the plot y against t 

For t1 = 5 minutes             y1 = 1.7cm and 

       t2 = 150 minutes         y2 = 26.9cm. 

Adopting the procedures suggested by Davis (1943), 



The rectifying value of t is found from the following relationships; 

                     t =  (    ) = (     ) = 27.39 minutes 

The corresponding y3 was determined from the figure 2 is 6cm. the 

value of constant b was obtained as follows. 

b =  
 
 
 
  

 
     ⁄           = 1.7×26.9-(6

2
)/1.7 + 26.9-2×6 = 0.077 

The value of 0.77 of b is subtracted from each value of y. the 

logarithms of       (y-0.77) and t are taken. The variables are related by 

the expression  

                    y - 0.11 = a   

The logarithmic form of which is log(y-11) = log a+   log t 

Substituting the data on average infiltration y and elapsed time t 

presented in table in the equation log (y-11) = log a+   log t yields the 

following equations: 

0.2103 = log a + 0.6990  

0.4945 = log a + 1.0000  

0.6457 = log a +1.1761   

0.8144 = log a + 1.3979   

0.9255 = log a + 1.5441   

1.0096 = log a + 1.6532   

1.1080 = log a + 1.7782   

1.1853 = log a + 1.8751   

1.2485 = log a + 1.9542   

1.3185 = log a + 2.0414   

1.3770 = log a + 2.1139   

1.4285 = log a + 2.1761   

Adding the fix six and last six equations: 



4.1000 = 6 log a + 7.4703    

7.6658 = 6 log a + 11.9389   

Solving simultaneously, 

                  = 0.8 

log a = -0.31017 

a = 0.49 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX VI 

Properties of lining materials: Bulk density 

Material Weight Volume Bulk 

density 

 g cm³ g/cm³ 

Geotextile 300 1500 0.2 

Gunny bag 345 1500 0.23 

Plastic sack 162 900 0.18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX VII 

Seepage rate. 

Treatment 1 

Time Replication 

1 

Replication 

2 

Replication 

3 

Replication 

4 

Replication 

5 

Average 

min cm/hr cm/hr cm/hr cm/hr cm/hr cm/hr 

0       

15 9.6 12.2 8.2 6.2 9 9.04 

45 6.2 7.2 6.6 5.2 6.4 6.32 

90 4.33 5.06 6.53 4.2 4.533 4.93 

150 3.65 4.6 4.25 4 4.4 4.18 

225 2.8 2.32 2.52 3.76 4.2 3.12 

315 2.4 2.27 2.4 3.4 3.2 2.73 

420 2.27 2.14 2.2 3.09 2.06 2.35 

540 2.25 2.08 2.08 0.75 0.6 1.55 

 

Treatment 2 

Time Replication 

1 

Replication 

2 

Replication 

3 

Replication 

4 

Replication 

5 

Average 

min cm/hr cm/hr cm/hr cm/hr cm/hr cm/hr 

0       

15 10 14.4 14.4 7.4 16 12.44 

45 7.7 10.9 9.8 6 4.1 7.7 

90 5.87 6.93 7.8 5.73 3.8 6.03 

150 4.2 2.95 4.8 4.05 3.45 3.89 

225 2.47 2.88 2 3.88 3 2.85 

315 2.26 2.1 1.7 2.63 2.7 2.28 

420 1.25 1.66 1.97 2.43 2.66 1.99 

540 0 1.45 1.05 1.5 2.23 1.245 

 

 

 



Treatment 3 

Time Replication 

1 

Replication 

2 

Replication 

3 

Replication 

4 

Replication 

5 

Average 

min cm/hr cm/hr cm/hr cm/hr cm/hr cm/hr 

0       

15 14.6 8.2 10 15.2 16 12.8 

45 12.9 6.1 5.3 7.8 8.6 8.14 

90 6.2 5.4 7.07 6.4 7.53 6.52 

150 4.35 5.05 5.35 4.75 3.2 4.54 

225 3.6 3.64 2.64 2.67 2.6 3.03 

315 1.87 2.57 2.5 2.23 2.2 2.27 

420 1.54 2.46 2.43 1.57 1.68 1.94 

540 0.325 0.55 0.5 1.47 1.55 0.88 

 

 

Treatment 4 

Time Replication 

1 

Replication 

2 

Replication 

3 

Replication 

1 

Replication 

5 

Average 

min cm/hr cm/hr cm/hr cm/hr cm/hr cm/hr 

0       

15 16.4 26.2 10.6 20.2 19.8 18.64 

45 15.9 11.6 6.9 7.2 7.8 9.88 

90 6.26 5.6 5.53 6.13 6 5.90 

150 4.9 5.3 4.1 3.65 4 4.39 

225 4.04 3.88 2.96 3.68 3.48 3.61 

315 1.93 1.6 2.97 2.43 2.1 2.21 

420 0.1 0.31 2.43 1.77 1.94 1.31 

540 0 0.05 1.5 0.75 0.75 0.61 

 

 

 

 

 



APPENDIX VIII 

Soil moisture distribution pattern 

 

Before ponding 

TREATMENT 1 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 13.89 21.5 15.49 11.11 9.92 14.38 

20 40 12.38 19.85 16.67 14.29 11.32 14.90 

20 60 22.97 20.55 19.18 25.67 20.69 21.81 

40 20 16.85 15.38 15.73 17.99 18.45 16.88 

40 40 18.18 15.56 15.56 27.27 22.07 19.73 

40 60 22.32 20.54 20.54 24.11 21.89 21.88 

60 20 16.09 15.12 15.96 20.69 14.25 16.42 

60 40 23.81 18.18 17.05 40.48 16.85 23.27 

60 60 21.1 20.18 20.75 26.6 20.44 21.81 

 

 

TREATMENT 2 

Moisture content (%) 

Distance 
(X.Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 17.24 18.26 17.09 18.1 15.84 17.31 

20 40 17.86 17.78 17.14 19.05 14.06 17.18 

20 60 22.03 19.75 21.25 23.73 22.87 21.93 

40 20 17.86 19.51 16.67 19.05 20.14 18.65 

40 40 18.92 18.18 17.65 21.62 12.53 17.78 

40 60 19.28 20.48 20.24 20.48 16.75 19.45 

60 20 17.89 18.75 16.33 22.11 16.67 18.35 

60 40 18.48 19.77 20.93 19.57 20.31 19.81 

60 60 22.22 20.37 21.49 24.07 24.53 22.54 

 

 

 



TREATMENT 3 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 19.4 16.67 16.9 22.39 17.3 18.53 

20 40 20 19.72 18.7 24.44 15.88 19.75 

20 60 20.83 20.83 20.83 19.17 20.83 20.5 

40 20 18.6 19.52 15.38 27.9 12.33 18.75 

40 40 19.3 20.69 18.03 26.31 16.44 20.15 

40 60 20 17.39 20 24.44 13.92 19.15 

60 20 18.97 17.86 16.42 24.14 14.24 18.33 

60 40 19.05 20.99 17.5 21.43 14.68 18.73 

60 60 21.01 21.01 21.01 22.69 18.8 20.90 

 

 

TREATMENT 4 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 12.12 12.41 10.96 15.15 8.82 11.89 

20 40 11.59 14.18 8.33 17.39 5.48 11.39 

20 60 14.14 12.12 14.68 16.16 11.44 13.71 

40 20 6.67 14.28 10 11.67 3.22 9.169 

40 40 15.28 12.16 12.16 18.61 18.57 15.36 

40 60 12 12.12 10.1 13.4 10.89 33.50 

60 20 13.58 9.64 13.5 15.8 11.38 12.78 

60 40 15.27 6.94 10 19.16 15.96 13.47 

60 60 20.65 15.62 13.27 22.6 18.09 18.04 

 

 

 

 

 

 



After 540 minutes 

TREATMENT 1 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

2020 19.23 17.8 16.88 19.44 19.44 18.5586 

2040 20.3 20.19 19.81 20 22.54 20.57 

2060 25 25.49 25.24 21.87 25.84 24.69 

4020 19.23 18.55 22.47 18.18 18.94 19.47 

4040 20.94 20.89 20.29 27.27 22.05 22.29 

4060 27.06 24.44 24.72 25.88 25.84 25.59 

6020 20 16.07 18 20 20.75 18.96 

6040 21.21 20.96 20.97 21.21 21.43 21.16 

6060 27.19 22 24.1 23.73 23.17 24.04 

 

 

TREATMENT 2 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 20 18.85 18.75 17.07 17.39 18.41 

20 40 21.67 19.64 24.07 20.37 23.25 21.80 

20 60 29.17 23.93 27.35 22.41 22.22 25.012 

40 20 17.26 19.64 20.47 18.97 18.48 18.96 

40 40 25 20.98 23.28 27.5 20.68 23.49 

40 60 22.34 24.69 26.43 25 22.04 24.1 

60 20 17.54 16.16 19.81 19.3 17.07 17.98 

60 40 23.015 21.59 22.22 23.01 22.22 22.41 

60 60 28.33 23.28 25.35 24.6 25.33 25.38 

 

 

 



TREATMENT 3 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 16 17.39 17.39 18.75 19.05 17.72 

2040 24.64 21.43 24.55 21.21 20.35 22.44 

2060 27.03 22.73 24.42 25.71 22.22 24.42 

4020 17.7 19.65 18.8 18.58 19.01 18.75 

40 40 25 22.22 24.7 22.5 22.5 23.38 

4060 24.32 23.33 22.05 23.65 23.26 23.32 

6020 19.84 17.07 16.26 20.79 18.75 18.54 

6040 24.07 25 23.26 23.21 21.59 23.42 

60 60 22.22 23.58 23.58 23.46 23.71 23.31 

 

 

TREATMENT 4 

Moisture content (%) 

Distance 
(X,Y) 

Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Average 

20 20 20.49 19.86 21.01 21.43 20.83 20.72 

2040 26.5 21.95 25 25.88 24.07 24.68 

2060 27.27 27.37 27.37 26.67 27.37 27.21 

4020 22.53 25.4 23.27 26.36 25.4 24.59 

40 40 29.9 25.88 26.32 21.77 23.94 25.56 

4060 22.92 26.02 27.16 27.01 23.33 25.29 

6020 19.6 23.15 23.53 21.49 26.67 22.89 

6040 30 26.67 24.7 29.32 25 27.14 

60 60 37.86 25.53 26.6 26.29 26.23 28.50 

 

 

 

 



APPENDIX IX 

Weed count 

 

 Place 

1 

Place 2 Place 

3 

Place 

4 

Average Area of 

square 

Weed 

count 

 weed

s 

weeds weeds weed

s 

Weeds cm² weeds/cm

² 

Channel 1 14 16 9 12 12.75 100 0.1275 

Channel 2 9 12 6 4 7.75 100 0.0775 

Channel 3 0 2 0 1 0.75 100 0.0075 

Channel 4 15 18 11 16 15 100 0.15 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX X 

Cost Economics 

 

Raw 

material 

Quantity 

required/m² 

Total Quantity 

required 

Cost/unit 

quantity (Rs.) 

Total cost 

Geotextile 1 m² 17.96 95 1706 

Gunny bag 1nos. 27 10 270 

Plastic sack 1nos. 27 2 54 
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ABSTRACT 

Agricultural productivity is based on the availability of required at proper 

time. As water is becoming a limited resources its effective utilization is important. 

The water resources which could be tapped for irrigation are very limited and its 

conservation is very important. Also, the losses in a new canal are very great in 

initial stages. But they slowly diminish in time due to saturation of the surrounding 

soil and due to stanching of banks and canal section by deposition of silt from canal 

water. The other factors affecting the transit losses are nature of soil, its condition 

and size of the canal, depth of water, temperature and position of sub soil water 

level. 

The study entitled “Comparison of different lining materials for field 

channels based on the seepage characteristics” was aimed to assess the seepage 

characteristics of locally available low cost lining materials such as coir geotextile, 

gunny cloth, and plastic sack which were used to line the earthern channels. The 

study was conducted at instructional farm of KCAET; Tavanur in the month of 

September 2013 to January 2014.The experiment set up consists of four treatments 

including one control and five replications. The plot is of 30 12 m size and four 

channels of trapezoidal cross section with dimensions bottom width of 0.8m, depth 

of 0.7m and a side slope of 1:½ were constructed. The textural analysis revealed 

that soil type in the area is sandy loam in nature. 

For coir geotextile lined channel, variation in seepage rate was observed less 

compared to other treatments, and reduces with time and ceases to a constant rate. 

The maximum moisture content observed for coir geo-textile and plastic sheet 

material was at 40cm horizontal distance and 60cm vertical distance.  But for gunny 

cloth lined channel and in control, the maximum moisture content was observed at 

60 cm vertical and horizontal distances. This implies that the seepage (lateral 

movement of water) is less in coir geo-textile and plastic sheet material compared to 

gunny cloth and control channel. The contour maps also show that there is a 

uniform distribution of moisture in coir geo-textile, followed by gunny cloth. The 

vegetation in the coir geo-textile channel after 3 months of construction is 

12.75×10
-2

/cm
2
. This implies that the channel will act as a vegetated water way 

after a long time of running.  



 


