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INTRODUCTION

Agriculture, the first and foremost vocation, mankind
has ever founded, has formed an inseparable part of man's
life style. In a simple way, it can be defined as the
production of food, fodder and fibre. In Indian context,
agriculture is the back bone of the economy since more than
70 per cent of population of the country depend on it. Out
of the total geographical area of 328 million bectares of
land, about 164 million hectare is under crop cultivation.
Agriculture contributes more than 50 per cent of the gross
national product (GNP). But the agricultural scenario has
not succeeded in satisfying the basic human needs.
Uncertainty in the yields of food grains produced has been
the primary determinant. Our development and life patterns
have also led to a gnaw of our natural life-support systems.
Moreover the rapid growth of population has appraised the

increased demand of food.

In Indian agriculture, especially in arid and semi-arid
areas, rain is the primary source of water to the soil plant
system. In conformity with Indian conditions 73 per cent of
total rainfall occur during monsoon months i.e., June to
September, 2 to 6 per cent rainfall occur as winter rain, 13

per cent as post monscon rain and 10 per cent as premonsoon



rain. There is a high degree of uncertainty in spatial
distribution and in the time of commencement and recedence
of rainfall during monsoon months. The remaining eight
months tend to be dry. The erratic occurrence of monsoon and
their varying degrees of distribution aggravate the problems
of water availability for crop production. This prompted
man to supplement the naturally available moisture by
artificial supply. Thus the human efforts to fight against
nature's niggardiness in the supply of water to plants, takes
the form of irrigation in the first attempt, the main
function of which is to negate the adverse effect of
irregular, uneven and inadequate rainfall. Irrigation is
the nucleus of all the technical developments and a key
variable in economic development. Irrigated water accounts
for nearly 30 per cent of the cost of inputs on any crop
yield. The optimization of water under irrigated a¢riculture
should aim at controlled supply but conservation should be

given priority under rainfed conditions.

Irrigation is carried out in many ways, the most
prevalent one being the traditional surface irrigation
methods such as uncontrolled flooding from a ditch - "wild
flooding" check basin, ring, border, strip and furrow
irrigation methods. The 'wild flooding' is the oldest method
of irrigation practice known, in which water from a ditch or

canal is allowed to flow over a flat land without any levees



to guide its flow. Eventhough its cost is 1less, the
efficiency is as 1low as about 20 per cent but the
adaptability is limited to conditions when water is available

in plenty and cost of labour is high.

The check basin method involves running comparatively
large streams into relatively level plots surrounded by
levees. This method is well suited to very permeable soils
which must be quickly covered with water in order to prevent
excessive 1losses near the supply ditches through deep
percolation. In heavy soil where it becomes necessary to
hold the water on the surface to assure adequate
penetration, this method is adopted. Sometimes the check is
provided for each tree or a group of trees which is known as

ring or basin flooding.

The border strip method of irrigation is adapted to
most soils where depth and topography permit the required
land levelling at a reasonable cost and without permanent
reduction in soil productivity. The supply of moisture is
uniformly fulfilled by maintaining the same opportunity time
throughout the areas of small strips. In furrow method of
irrigation water is applied to the field in furrows between
the two ridges and it is adaptable to great variation in
slope. On steep slopes and in heavy soils, by reducing the

flow into a furrow when the advance phase reaches the tail



end of furrow, tail water losses can be avoided and
application efficiency can be increased. This process of
scuttling the initial stream of flow is known as cutback
flow. Later it was found that less water was required to
complete an advance if the inflow were cycled during advance
phase. Thus the innovation of surge irrigation entered into
the scene of surface irrigation practices. Surge irrigation
systems involve application of design rates of flow through

irrigation furrows in specified ON-OFF cycle periods.

The surface irrigation methods have an overall
efficiency of 25-60 per cent and causes problems like
erosion, salinization, waterlogging and deep percolation
losses. Over the years, minor changes have been made to
improve the efficiency of surface irrigation. The
efficiency of surface irrigation can be improved by using
siphon tubes, gated pipes and similar devices like
irrigation modules which help to control the flow cuantities
rate of flow. A significant portion of the total cost
olved in surface irrigation farming goes to labour
The sprinkler and drip systems are found to
‘rease labour requirements and increase the uniformity of
application. But the high initial cost of the system
.Ehief constraint for adoption. On steep slopes and

soils the accumulation of tail water occurs during



furrow irrigation and even spills over its boundaries thus
viciating the storage of irrigation water and its uniform
distribution. The surge irrigation can speed up water
advance and helps to reduce runoff and deep percolation along

the irrigation run.

The cablegation system was developed for the
semi-automation of surface irrigation. Although the system
was initially developed for furrow irrigation, it can be
effectively adapted to other surface irrigation methods such
as border and basin irrigation. Consequently, a system
which automatically changes flow from one border to the next
will provide substantial labour savings. The automated
gystem can more easily be operated on a schedule based on
crop water needs or solil characteristics rather than farmer
convenience. Other automated surface irrigation systems do
have to use automated gates or valves at each border which
will respond to a time-based control. So these types of
systems have spatially distributed control points and tend to

be expensive.

The cablegation Systeﬁ costs less and are more reliable
than other automated systems because they do not require
gates .and the system operation can be controlled from one
location. The limited supply of fossil fuels and their rate

of depletion signify eventual shortage and continuing



increase in energy cost. So it becomes apparent that
irrigation wmethods requiring less energy input must be
developed if irrigated farms are to remain economically
viable. The cablegation irrigation helps farmers to achieve
desired application efficiencies and avoid one of the major
energy costs involved in the farming operations, because this
system just need adequate elevation drop to overcome the

frictional force inside the pipe.

The cablegation system is an advanced technique in
which the design rates of flow are delivered into the
irrigation furrows through gates or outlets positioned along
a conveyance pipe laid on a certain gradient and a plug
moves slowly through the pipe, causing water to flow through
the outlets into the furrows. The essential components of
the cablegation system are a main conveyance pipe line,
which may be fully or partially buried, a cablegation plug,
cable, a plug speed controller and riser outlets. Outlets
are placed near the top of the pipes circumference (offset
at an angle towards the field from the pipe's vertical
centre line) and spaced corresponding to the spacing of the
furrows. The plug blocks water flow in the main pipe line
and forces it out through the outlets. The flow rates are
controlled by manipulating the speed of movement of the plug.

The pipe is sized large enough to carry the water flow on the



available slope without completely filling its cross-section.
Water flows in the pipe below the level of the outlets until
it approaches the plug. This construction causes the water to

fill the pipe and flow from outlets near the plug.

To automate the system, the plug is allowed to move
downslope through Ithe pipe at a controlled rate. A cable on
a reel at the inlet structure is attached to the upstream
end of the plug. The rate at which the cable is reeled out
determines the rate at which the plug moves and at which
irrigation progresses across the field. The wateir pressure
provides the force to move the plug. As the plug moves past
a specific outlet, water flows out of that outlet at a
relatively high rate. As the plug moves further down the
pipe, the flow rate from the specific outlet decreases and

eventually drops to zero. Thus a cutback flow is provided.

The efficiency cof an advanced cablegation technique is
established by proper laboratory studies. To evaluate the
performance of the system, a semi-automated cablegation
irrigation system was developed and tested under laboratory
conditions at KCAET, Tavanur. The specific objectives of the

present study are:



‘Development of a cablegation system.
Evaluation of the cablegation system by'varying
. the slope or gradient of the main pipeline.

b. the orientation of the outlets from the vertical

centre line.




REVIEW OF LITERATURE

Indian agriculture revolves around efficient and
economic utilization of the limited water resources that are
basically rainfed. Irrigation becomes an unavoidable part
of agriculture if the rainfall'in an area is not sufficient
to meet the requirements of crops throughout their growth
period. Agricultural production need to be accelerated to
the ever-increasing demand of the growing population. This

has led to rapid expansion in the field of irrigation.

Cablegation is an automated system for applying surface
irrigation water. A review of the work done by researchers
in the field of cablegation irrigation is presented in this

chapter.
2.1 Origin and development of cablegation irrigation system

The primary objective of any irrigation method is to
supply moisture which will be readily available for crop
growth, at all times, without indiscriminatly adding to the
water table and avoiding influence of soil salinity. The
surface irrigation systems though they are in vogue at
present, have their own disadvantages of wmore deep
percolation losses, poor application and distribution

efficiencies.



In 1979 funds were appropriated to the Agricultural
Research Service of the United States Department of
Agriculture to develop systems and management practices which
would reduce the wvulnerability of irrigation farmers to
increasing energy costs. Cablegation is a product of that

research.

Stringham and Keller (1978) attempted to develop a
furrow cut-back system, was resorted to minimize irrigation
losses. A more effective method to obtain cut-back flow
streams was developed by Stringham and Keller (1979). They
used the term 'surge flow' to describe the regime of cycling
furrow inflows. Surge flow irrigation system involves
application of design rates of flow through irrigation
furrows in specified ON-OFF cycle times so as to speed up
water and to reduce runoff and deep percolation losses. They
have also proposed that it would be more practical to
achieve cut-back for furrow irrigation with gated pipe by
cycling the inflow rather by partially closing the gates
supplying each furrow. Preliminary research works on surge
irrigation were carried out by the USDA Agricultural
Research Service and they have developed a cablegation
system of irrigation, a new concept in surface irrigation, in

2979 .



2.2 Furrow cablegation systems

Cablegation was introduced as an automated method of
applying water for furrow irrigation, through a gated pipe
system laid on a precise'grade. In this, the discharge is
caused to flow through the outlets, in sequence, through
furrows in the field by moving slowly a cable attached plug

through the pipe (Kemper ef al, 1981) . The surge flow or

surging effect was accomplishéd with the cable system by
moving a plug rapidly across the field several times over a
number of cycles. Orifices near the plug had the highest
flows, orifices further upstream had diminishing flows
inversely with the distance of the outlets from the plug,
their size, spacing and slope of the pipe line (Kemper et al.,

1981) .

Goel et al (1982) assessed the field performance of
cablegation systems described by Kemper ef al. (1981). Flow

rates into and out of furrows were used to calculate furrow
intake rates as a function of time. The initial supply
rates to the furrows were within + 13 per cent of the
designed flow rates. Seventy eight per cent of the
variation was associated with deviations of the pipe
elevation from the design grade. It was also fcund that
nearly 73 per cent of the water applied to the field

infiltrated. Runoff rate was relatively constant and total



runoff was only about half of that which would have occurred
under fixed set surface irrigation. In general’, the
cablegation system was found to provide more uniform water
application than is normally achieved with other surface
irrigation systems. The cutback in supply reduces runoff and
the runoff is very easily reused because of its continuous
nature. Consequently this runoff water causes less erosion,
requires a smaller drainage way and is easier to use on lower

fields for irrigation.

Kincaid and Kemper (1984) proposed a bypass method and
a cut-off outlet method to improve water distribution in
cablegation system. The bypass method involves starting the
plug at the first outlet and initially bypassing most of the
flow to the downstream end of the pipeline which is plugged.
As the plug moves down the pipe the bypass flow gradually
decreases to zero. This method nearly equalizes the inflow
distribution to all furrows and allows the use of a constant

outlet opening size. Thus the problem of end effects is

eliminated.

The cut-off outlet method deals with the low outlet
flows during the final stages of a set which are
insufficient to reach the end of the furrows such that
excess water is applied to the upper end of the furrows.
The cut-off outlets are recommended for soils with high

intake rates.



Kincaid (1984) developed a simplified design method
using dimensionless 'relationships for cablegation automated
surface irrigation system. The method consists of two
parts: the pipe flow distribution and the infiltration
runoff distribution. The maximum outlet head, maximum
stream size and number of flowing outlets are calculated
using a set of dimensionless equations, given the pipe size,
pipe slope, outlet size and spacing and total inflow rate.
These equation enable a direct determination of the design
variables without calculating the entire distribution of
outlet flows. If the desired maximum stream size is known,

the required outlet size can be calculated directly.

The infiltration, runoff analysis 1is presented as a
series of dimensionless relationships in graphical form.
These curves are used mainly for determining the required
maximum stream size given a time-based furrow intake curve,
furrow length and spacing gross water application and per

cent runoff.

Kincaid (1985) developed water brake as a low cost means
of controlling the plug speed in the cablegation automated
surface irrigation system. The water brake is a simple
hydraulic device requiring no external power source and can

be built with locally available materials.



Kemper et al. (1987) has dealt with the cablegation

automated supply for surface irrigation 1in detail, the
background for development, description of the cablegation
system, basic components of the system, models and design,
arrangements to improve application uniformity, installation,
poperation, maintenance (USDA-ARS Kimberly Staff, 1985, 1986

and 1987) evaluations and its application.
2.3 Plugs, cables and speed control mechanisms

Cablegation plugs, cables and various types of speed

controllers are described in detail by Kemper ef al (1985),

Kemper et al. (1987) and USDA-ARS, 1987.

The plug must fit snugly inside the pipe to minimize
leakage past the plug, but it must also slide down the
pipeline as tension on the cable is released. Meny of the
original plugs were constructed using commonly available
plastic bowls or buckets. Two bowls were used td maintain
alignment of the plug in the pipe and to improve sealing.
Each bowl was clamped between metal plates spaced about one
pipe diameter from each other. The circumferences of the
bowls were trimmed so that they would just slip inside the
pipe. Most PVC pipe has uniform inside circumference. When

pipe sections are deformed to oval shapes, the bowls also



deform and maintain reasonably good seals. The non-
compressible plastic bowls have been replaced by
compressible flexible PVC gaskets in commercially
manufactured plugs. The inside of the pipeline should be
kept as smocth and uniform as possible. Leakage past the
plugs range from nearly 0 upto 20 litre/min and is generally

negligible in systems carrying 1800 to 6000 litres/min.

The cable must hold the force of the pressure head
against the plug, the drag of water on the cable and any
surge forces resulting from sudden changes in rate of plug
travel. Cables used have ranged from 40 kg test braided
Dacron fishing line to steel .and polypropylene cables with

over 300 kg test strength.

The reel is designed to store the cable between
irrigations and the drum width must be sufficient to store
the required cable 1length. Reel design calculations for
various cable sizes and field 1layouts are outlined in

Appendix B of the Cablegation Manual (Kemper efal, 1985).

Water pressure pushes the plug down the pipe. The rate
of the plug's advance can be controlled by several types of
mechanisms depending on the power available to the site. The
simplest and most commonly used type of controller is the

'water brake' designed by Kincaid (1985). Other controllers



using ac electric power, wet cell batteries or paddle wheels
imposed in the flowing water are also being used to control

the rate of cable and plug movement in the pipe (Kemper ef al.,

1985) .
2.4 Border cablegation systems

Studies were made by Booher (1974) on irrigating border
Strips using cablegation systems especially for close growing
crops such as alfalfa, pasture and small grains. it was
found to be an effective method of achieving reasonably

uniform irrigation on higher intake rate soils.

Several systems to automate border irrigation have been

developed by Humpherys (1986) and Thomas efal (1989). These

systems generally use automated gates or wvalves at each
border which open and/or close in response to a time based
controller. The outlets operate hydraulically like weirs at
heads below 80 mm. Belled ends on the outlets increases
their capacity to 75 per cent at low heads. Cablegation
reduces the labour input to border and basin irrigation by
automatically transferring the water to consecutive borders.
The system uses sliding pluyg with a plug speed controller
and a buried conveyance pipe line with open riser outlets on
L]

each border. Border cablegation requires adequate field

Ccross-slope or elevaticn drop between consecutive borders to



overcome pipe or elevation drop between consecutive borders
to overcome pipe friction loss and riser entrance loss, and
to discharge water from the risers. Cross slopes generally
must exceed 0.003 m/m for economical border cablegation
systems. Part of this slope can be generated by elevated

risers. '

Kincaid and Trout (1989) have described the components
and operation of border cablegation systems, the discharge
calibrations of larger riser outlets and a procedure for
designing the application systems. Border cablegations are
less costly and more reliable than other automated systems
because they do not require gates and the system operation
is controlled from one location. Adequate elevation drop
between borders is essential. 1In this the controller speed
is set to advance the plug from one riser to the next in the
irrigation time required to apply the desired amount of
water. Water routing is accomplished by hydraulic design of
the main pipe and riser outlets to insure all water
discharges onto the border directly upstream of the plug.
The elevation difference between riser outlets on
consecutive borders must exceed the head (pressure) required
to overcome friction loss in. the main pipe between outlets

and discharge the design flow from a riser or a set of

risers. The riser outlet size must be large enough to



scharge the design flow without backing water up such that
spills from upstream risers. Outlet capacity can be
cased by using larger risers, by installing multiple
’s on each border and by expanding or belling the ends of
outlets. Riser outlets as used on border cablegation
s were calibrated in the USDA-ARS Hydraulics laboratory

berly, Idaho.
5 Buried pipelines

 Rasmussen e al. (1973) attained surface irrigation

cation efficiencies exceeding 80 per cent with a

set design using surface gated pipe.

s Varlev (1973) and Milligan (1974) have reported briefly
3 .buried lateral systems used in Bulgaria and Texas,
ectively. Their systems required pressurized 1lines
"-pped with emitters that were more intricate than the
ces used in this system. Preliminary tests in 1973 with
| d lateral system indicates that a system with simple
es can be automated and operated at an application

ciency exceeding 80 per cent.

Worstell (1976) studied the criteria for the design,
ction and operation of an experimental buried lateral,

ity multiset irrigation system. He has found that the



system operating without automatic controls has a potential
water application efficiency of 80 per cent with very little
runoff or erosion. With automatic controls and with water
available on demand, 1light, frequent irrigations can be
applied with 90 to 95 per 'cent efficiencies. The energy
required to operate the system is minimal and only periodic
inspection and maintenance services are required of the
operator. Estimated cost and benefits indicate that this
system may be economically feasible, practical and

attractive with increasing ,energy costs and labour

shortages.

Cablegation pipes can be buried a few centrimeters
below the ground surface so as to provide some substantial
reduction in the damage due to sunlight, weathering and
being hit by the cultivation equipment (Kemper efal, 1981) but

will not provide complete protection from wheels bearing

heavy loads.

Studies have shown that the improved surface irrigation
systems such as cablegation systems involving orifices or
siphon tubes to keep the furrow supply rates uniform, often
gets blocked or partially blocked by trash such as weeds,
grass, crop residues etc. Monitoring and cleaning outlets
and restarting siphon tubes often consumes large amounts of

labour and the interruptions prevent some crop rows from



getting adequate water. Screening systems to remove trash
fﬁrmnwater supplies have been suggested as a good method even
when the water supply is carrying only a few pieces of trash

per hour (Kemper efal., 1986).

Pipe size and grade

Pipe size needed is determined by water-supply rate,
ope on which the pipe will 1lie, roughness of the pipe
walls and temperature (viscosity) of the water. For
ctical purposes, irrigation water is assumed to have a
iperature of about 20°C. At this viscosity, the Hazen-
illiams formula relating the remaining factors can be used

to find to the pipe size.

B = §.17 x 10% (Qc/e)*® p"

B 2.18 x 16 ¢ 359"

Sf is the head gradient along the pipe in meters/meter
due to friction

Qc is the flow rate in litres/minute
D is the inside diameter of the pipe in millimeters and

C is the roughness coefficient of the pipe



The roughness coefficient of the pipe is larger when
es8 are smoother. The value of ¢ 1is about 150 for
vinyl chloride pipe and for rougher aluminium pipe a
alue for ¢ of 130 is commonly assumed. The pipe size
"ﬂld be large enough so that the head loss will be less
75% of the grade on whiéh the pipe will be laid or Q

ould not be more than 85 per cent of Qc.

'?_The pipe must be placed and maintained on a precise
to achieve desired uniformity of water delivery. When
2 grade is low (<0.4%), pipe (or outlet) elevation must be
ined within 1 cm ;f the designed grade. Pipelines
on steep slopes can generally tolerate more variation
om the designed grade than those on flat slopes and still
;%tain reasonably uniform delivery. The minimum slope at
ich cablegation pipes have worked properly with
ically feasible maintenance is 0.002 m/m. Polyvinyl
ride pipe and aluminium gated pipe have commonly been
Plastic pipe exposed to sunlight should have

siolet inhibitors to prevent rapid deterioration.
7 Models

:__A mathematical cablegation model was developed and

fied experimentally by Goel ef al (1982) to provide

ﬁtions of outlet flow rates as a function of total



ter supply rate, pipe size, 'type and slope, outlet size
d spacing, plug speed and time. Inputs of specifications
ch as pipeline slope(s), total water supply rate(s),
utlet spacing, furrow supply rates etc. into the model
le potential installers of cablegation systems to
ict how the system would work before making major

estments. The model and expansions thereof have played a
ajor role in the development of cablegation system

ovements. For instance, the bypass concept for
1imizing end effects was evaluated by and eventually

rporated into the design model.

Equipment and controls for automation of surface

irrigation

Farm irrigation systems must be automated to fully
ilize the surge flow teéhnique. Automated equipment and
.rol facilities include gating and valving devices,
rs, controllers and distribution systems. Split-set
d pipe systems use conventional gated pipe in a split-
design to distribute water to individual furrows. A
gle furrow valve control system uses individually

outlets, one for each furrow, operated

ltaneously in groups or blocks.

Researchers developed equipment and techniques to

ve surge flow from open channels. An automatic check



> is located between two consecutive bays and alternately
ses water to the downstream bay and checks the water in

pstream bay for surge irrigation.

Surge irrigation research at the USDA-ARS Snake River
ation Research Centre of Idaho largely concerned the
of wvalves and other control devices for
nating and semi-automating surface irrigation systems.
d water operated irrigation valves were developed for
d pipe systems that can be cycled repeatedly when
lled by appropriate timers. Battery powered pilot
and mechanical, electromechanical or electronic
are used. The water operated valves which are
ted with water from the pipeline, may be too slow for
cycle times. However air operated valves are well
d for this application and may use either a portable or

nent air supply.

arton (1966) made the first attempt to automate open
irrigation systems. His automatic furrow cut back

consisted of 1level bays fitted with tubes which
ed through the ditch to allow for the discharge of
An automatic check dam was placed at the end of each
. Irrigation began in the bay which had the tubes at the
£ elevation. When the furrows for that bay had been

the check dam was removed. The checks were



tomated by using mechanical timers which released a lever

chanism, this in turn caused the check dam to collapse,

ling the water down the ditch to the next bay.

Flschabach and Godding (1971) attempted to automate
ace irrigation by using irrigation valves on buried pipe
s. The automated surface irrigation valve was connected
iser on the buried pipe line. The valve consisted of a
)asing and a nylon reinforced butyl rubber diaphragm. Air
essure was used to inflate the diaphragm, thus stopping the
1 of water. The movement of the diaphragm was controlled

| three-way valve.

Malano (1982) suggested that some of the existing timer
rolled systems fitted with multiple cycle controllers
the potential to be adopted for use in surge
r-rigation. Automated surge flow irrigation requires both
mer controlled outlet structures and water sensors to cut
irrigation supply. The only automatic system that is
rcially available for surge flow in border irrigation
' sts of a typical butterfly valve which allows the flow
be cycled between two adjacent borders. This device is
in pipeline systems and does not have automatic flow

=0ff control.

Humpherys (1983) wused butterfly valves in gravity

peline irrigation distribution systems. These wvalves



be operated using springs or pneumatic methods. Air
ers o©or Trotary actuators were used to operate the
tterfly valves. A four-way pilot valve was used to apply
;&essure to either one side or the other of the butterfly

He suggested wusing solenoid pilot wvalves in
ction with the double acting air cylinders. The
ry powered solenoid valves, used to operate the pilot
alve, normally require an electrical impulse rather than a
nuous supply of electricity. This electrical impulse
1 be obtained through the discharging of a capacitor.
rys used 12 volt AC solenoids which operated on the dc

age for the pulsing application. Mechanical and

ectronic timers were used to control the automated valves.



MATERIALS AND METHODS

:glrrigation methods vary in different parts of the world
. on different farms within a community because of
‘erences in soil, topography, water supply, crops and

The most widely adapted irrigation method in our
is the surface irrigation, eventhough the sprinkler
ip systems are gaining popularity. Of the many new
flions in the field of surface irrigation, the
ion is one of the recent outcomes and is yet to gain
larity. The efficacy of such a system need to be
ished by proper laboratory studies. With this view a
11ly controlled cablegation irrigation system was
ped and its performance was evaluated under laboratory
ions. The test was conoducted in the Hydraulics
atory of KCAET, Tavanur. This chapter describes the

s used and methods employed for achieving the

e cablegation arrangement {Fig.1) essentially
of a main conveyance pipe line with outlets at
intervals for discharging water into individual

a cablegation plug, water storage unit and cable.



Pulleys
Support

FIG. 1. THE CABLEGATION ARRANGEMENT SHOWING FLOW PATTERN.



e moving plug regulated the discharge through the outlets.
rate at which the cable was reeled out determined the
‘ate at which the plug moved. The pipe size was large enough
 carry the water flow on the available slope without

letely filling its cross-section (Fig.2).
1.1 Water storage system

A rectangular tank of size 90 cm x 60 cm x 50 cm made
f MS sheet of 20 gauge was used for holding water. The
had a capacity of 270 1litres and it served as a

mporary storage before water was conveyed through the pipe

Water from the tank was drawn out through an outlet
rovided on the tank. The outlet diameter was 6.3 cm and its

}tre was located 7.5 cm from the bottom of the tank.

In order to convey water from the tank to the
;igation pipe, a small pipe was used. A flexible rubber
' was used to connect this pipe to the supply pipe. A
X 5 cm PVC reducer was selected as the enlarger so as to
- same outside diameter for both enlarger and conveyance

The rubber tube was provided so that the slope of the
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;mahl pipe and the orientation of the outlets from the

vertical centre line could be varied (Fig.3).
B 1.2.1 Pipe

The pipe size needed was determined by the water supply
‘rate, slope on which the pipe will lie, roughness of the
ipum walls and temperature (viscosity) of the water. For
ﬁnﬁgation purposes, the irrigation water was assumed to
gave a temperature of about 20°C. At this viscosity, the

gazeﬁ*williams formula relating the remaining factors is

B¥ = 6.17x10° (Qg/c)* "DV

Sf is the head gradient along the pipe in m/m due to
Eriction e

Qc is the flow rate in lit/min.
D is the inside diameter of the pipe in mm and

C is the roughness coefficient of the pipe

The pipe was sized large enough to carry the water flow
;.the available slope without completely filling its
}g&ﬁection. Considering the above factors, the current
e and the resistance to degradation, a PVC pipe of length

0 cm and inside diameter 87.5mm was selected.



vér;iéal centre line
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FIG. 3. PIPE CROSS SECTIONS SHOWING DIFFERENT ORIENTATION OF
OUTLETS FROM THE VERTICAL CENTRE LINE.
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'3.1.2.2 Pipe outlets

An outlet was necesary to supply water for each
irrigation furrow. For this holes of definite size were
at fixed intervals, corresponding to the spacing that
be used for furrows. Outlets of uniform size and
diameter 1.2 cm were made at regular intervals with centre
-{_-- centre distance of adjacent holes being 50 cm. Nine holes
made along the length of the pipe so as to discharge
on one side of the pipe. The outlets could be
oriented at different angles with respect to the vertical
entre line (Fig.3). In this study the orientation angles
chosen were 30°, 60° and 90° from the vertical centre line
for each pipe slope of 1%, 2% and 3%. Water flowed in the
pipe below the level of outlets until it approached the plug

BRG.2) .
3.1.3 Flow control devices

The water flowing through the pipe in the downward
ection was discharged through the outlets made on the
A moving plug was incorporated in the pipeline in
to discharge water through the outlets in accordance
. the amount needed to be applied. The movement of plug
;;de the pipeline was accomplished with the help of

lleys, cable and a reel (Plate 1).



3.1.3.1 Plug

The plug had to be moved along the pipe from one end to
ithe other such that the flow inside the pipe could be
i' hecked adequately (Plate 2). As the movement of the plug
was in the downward direction the water flow tend to confine
the port.ion upward of the plug. As a result the water was
'acharged through the outlets prior to the plug position.
The plug was to move smoothly inside the pipe without any
interruption. So it was to be of accurate size. It should
fit snugly inside the pipe to minimize leakage past the plug.
in pipe circumference were formed on the male ends
)y manufacturers to strengthen the ends and facilitate easy
ﬁ pling of the pipe. So the plug was so constructed that it

1d overcome these limitations.

Contemplating the above factors, the plug material was
ected as rubber. A circular rubber disc of thickness 1.5
| was made with diametr sufficient to meet the wvarious
irements of the plug. The diameter of the plug was the
- as the inside diameter of the pipe through which the
was to be moved. An aluminium metal plate was provided
" either ends of the rubber disc. These were fitted on a
It of 10 mm size and was fastened with a nut. Two iron

were fixed on the bolt head and the nut to tie the












i.1.3.2 Cables

The cable was to hold the force of the pressure head
| against the plug, ‘the drag of the water on the cable and any
surge forces resulting from sudden changes in the rate of
plug travel or water supply rate. It also possessed good
tensile strength to resist the force of friction between the
plug and the inner surface of the pipe, especially in
portions of constrictions. The cable chosen should be such
that it would not lose its strength by the action of water.
Considering the above mentioned factors a plastic rope of
thickness 0.5 cm and length sufficient to make a closed

system was chosen as the cable.
:1.3.3 Reel and pulleys

A reel and two pulleys were used to achieve the
‘efficient and smooth operation of the plug-cable assembly.
;'One of the pulleys was situated inside the tank to guide the
'_able straight through the pipe. This pulley was made of
mild steel and it was allowed to rotate on a static iron bar
supported by a frame which was fixed on the tank. The
__econd pulley was allowed to rotate freely on a stationary
_;'-;--. at the bottom end of the pipe. The pulley along with
._—3-- iron bar was assembled on a frame which was meant to

rve as a support to the pipe at the bottom end. The cable



which was coming from the inside of the pipe was allowed to

pass over the pulley which was fixed such that its bottom
- end touches the centre line of the pipe. This arrangement
was made to make the cable as straight as possible inside

the pipe.

A reel was attached rigidly to a rod which was rotated
so as the make the plug move. The rotation of the rod was
.ﬁaccomplished with the help of a handle attached to the end
" of the rod. So the plug speed could be adjusted with the
ghelp of the handle and made uniform. The rate at which the
" cable is reeled out determines the speed of the plug. When
the plug was forced to move in one direction by the rotation
of the handle, the portion of the cable in front of the plug
upto the reel was in tension and the rest of the cable was

| loosened to facilitate easy sliding of the plug.
B.1.4 Supports

The water tank was held at a height of 82.5 cm from the
ground surface. The downstream end of the pipeline was
‘supported on an iron frame fixed on a wooden block. The
jron frame provided adequate means to change the height of
the pipe end above the ground surface, so as to attain
different pipe grades used in the experiment viz. 1%, 2% and

Another support of iron frame was provided for the main



pipe at a mid-section to prevent sagging of the pipe due to

the weight of water.

3.2 Experimental study

The study was aimed to evaluate the performance of the
cablegation system subjected to different pipe gradients and

orientation of the outlets, under laboratory conditions.

The cablegation arrangement involved the use of a 9 cm
PVC pipe with 1.2 cm diameter outlets at a spacing of 50 cm
to serve as outlets for discharging water into individual
furrows (Plate 3). The first outlet was at a distance of 60
cm from the upstream end. The outlet discharge was regulated
with the help of a moving plug. The plug was attached to a
cable which was wound on a reel and the cable was inserted in

the cablegation line.

The head was maintained in the tank to such a level that
the pipe would not flow full. The flow inside the pipe was

open channel flow. The outlets were oriented at angles of

- 30°, 60° and 90° from the wvertical centre line and for each

. of these orientations, the pipe was laid on slopes of 1%, 2%

and 3%. The plug movement was achieved by reeling out the

cable.



The water discharged through each outlet was monitored
for a period of 30 seconds. Flow through the outlets was
affected by the water surface backing up behind the plug
which in turn depended on the outlet orientation and pipe
gradient. When the plug moved down the pipe, the discharge
upstream gradually decreased. At a particular plug
position, a certain number of upstream outlets on the
downstream side of the plug and those faraway on the
upstream side did not discharge. This was because the
outlets near the plug were under the highest head and
delivered water at a maximum rate whereas those farther

upstream from the plug flowed at a lower rate (Fig.2).

Two experiments were conducted, one with decreasing
head inside the tank and the other with a constant low
discharge applied to the pipe. In the first case, the water
surface level inside the tank was maintained at a level just
above the tank outlet, for each plug position. The
discharge through all the outlets were monitored for a
period of 30 seconds. Initially the plug was positioned

- between the first and second outlets. It was then moved
downward to the next position keeping the water surface
level the same as explained earlier and the process was

repeated. The experiment was done for outlet orientations

of 30°, 60° and 90° from the vertical centre line and pipe

| slopes of 1%, 2% and 3% were maintained for each orientation.



In the second case a low constant discharge of 0.064
l.p.s. was supplied to the pipe and the discharge was
monitored - for ..a - period of - 30. -seconds, - for -each plug
position. The experiment was conducted for pipe slopes of
2% and 3% and outlet orientations of 30°, 60° and 90° from

the vertical centre line.



RESULTS AND DISCUSSION

Cablegation is a relatively new system that uses an
oversized single pipe line laid on a precise grade, so that
automation of the various farm irrigation methods can be
achieved. This advanced technique delivers the design rates
of flow into the field through orifice outlets positioned
along a conveyance pipe with a moving plug inside for flow
control. A manually controlled cablegation irrigation system
was developed and evaluated with a view to establish the

efficiency of such a technique.

The results obtained from the laboratory evaluation are

discussed in this chapter.
4.1 Pipe selection

In the cablegation system water was allowed to flow
inside the pipe below the 1level of outlets until it

approached the plug and delivered water through outlets

nearer to the plug.

According to the methodology explained in 3.1.2.1 the
diameter of the pipe was calculated as per Hazen-Williams
formula (Appendix 1). Since the pipe size should be large

enough to carry the flow without completely filling its



cross-section, a diameter greater than the calculated value
was selected. The diameter chosen was 9 cm conforming to the

standard sizes available in the market.
4.2 Evaluation of the system

Water was supplied to the pipe so that flow occurred
below the level of outlets until it approached the plug. The
obstruction caused the water to fill the pipe and flow from
outlets near the plug. When the plug was near the first
outlet the entire discharge was routed tﬁrough the single
outlet itself. When the plug was held near the other
outlets, the different outlets shared the inflow discharge.
The outlets near the plug delivered water at a maximum rate,
whereas those farther upstream from the plug flowed at a
lower rate. This could be attributed to the increased
hydraulic head in the pipe until the inflow equalled the

outflow due tc obstruction caused by the plug.

The plug was allowed to be held in a position between
two outlets for 30 seconds which could be equalized to an
effective plug speed of 1.66 cm/sec. The experiment was
conducted by applying water to the pipe under varying head in
the first case and a constant low discharge in the second
case. The outlets were numbered from upstream to downstream

chronologically i.e., number 1 indicated the outlet nearest



to the tank and number 9 indicated the outlet farthest from

the tank at the downstream end.
4.2.1 Analysis of discharge under decreasing head

The discharge obtained from the outlets at each plug
position when the pipe slope(s) was 1% and the orientation
of the outlets with respect to the vertical(0) was 30° are
represented in Table 1. When the plug was held in between
outlets 1 and 2 for a period of 30 seconds the discharge
occurred only through the first outlet. As the plug moved
further down, to a position in between outlets 2 and 3,
discharge occurred through outlets 1 and 2. More discharge
occurred at the outlet nearest to the plug because the
hydraulic head available at this outlet was the maximum.
When the plug moved further downstream discharge occurred
through more number of outlets. 1In all cases the discharge

was maximum through the outlet nearest the plug.

When the plug reached a position in between outlets 7
and 8 the discharge through the first outlet ceased. This
was because the water surface level in the pipe was lowered
below the outlets at this position. Thereafter, for any
downstream position of the plug no discharge occurred
through the first outlet. For all the Qutlets nearest to

the plug the discharge increased as the plug slided
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downsard. The discharge through the outlets nearest the
plug increased till the plug position was between outlets 6
and 7 and then it decreased as the plug moved further
downstream. This was because the water level in the tank had
gone below the bottom level of the tank outlet, thereby
causing a reduction in the pipe supply. So the hydraulic

head available also decreased.

Table 2 shows the discharge through outlets at a pipe
slope of 2% and outlets oriented at 30° with the vertical.
The discharge through the first outlet became zero when the
plug was between outlets 7 and 8. The discharge in the
second outlet also ceased when the plug was held beyond the
nineth outlet. The discharge through the outlet nearest to
the plug increased upto the plug position between outlets 7
and 8 and decreased afterwards. The total discharge from all
the outlets in this case was more than that in the case of 1%
pipe slope. The increase in discharge was caused due to the
increase in head available at the outlets with increase in

slope of the pipe.

The same effect was observed when the slope of the pipe
was increased to 3% with 30° orientation of outlets from the
vertical (Table 3). It was observed that the discharge in
the first outlet became zerc for the plug position between

outlets 7 and 8. The discharge through the second outlet
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also ceased when the plug reached between outlets 8 and 9.
It could be seen that the total discharge from all the
outlets were highest for a pipe slope of 3% with 30°
oriented outlets. The discharge through the outlet nearest
to the plug was maximum when the plug was between outlets

7 and 8.

The discharge through the outlets oriented at 60° with
the vertical for pipe slopes of 1%, 2% and 3% are shown in
Tables 4, 5 and 6 respectively. The discharge through the
outlet nearest to the plug was increased upto the outlet 5,
when the pipe slope was 1%. Thereafter it reduced because
the supply to the pipe decreased thus decreasing the
hydraulic head. The discharge through the outlet nearest to
the plug for pipe slope of 2% increased upto outlet 8 and
for 3% pipe slope it increased upto outlet 7 and thereafter
decreased. The discharge in the first outlet diminished
when the plug was positioned between outlets 8 and 9 for all
pipe slopes of 1%, 2% and 3%. The discharge in the second
outlet never reached zero value for pipe slopes of 1% and 2%.
But for 3% pipe slope the discharge in the second outlet

ceased when the last plug position was reached.

Tables 7, 8 and 9 gives the rate of discharge through
the outlet orifices along the length of pipe, for outlet

orientations of 90° with vertical at pipe slopes of 1%, 2%
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and 3% respectively. The discharge through the outlets
nearest to the plug increased as the plug was slided
downward through the pipe, till the plug was positioned
between outlets 5 and 6. The discharge through the outlet 5
which was nearest to the plug was the highest. After that
the discharge through the outlets nearest to the plug
decreased as the plug was slided downstream. This was
observed for pipe slopes of 1% and 2%. For the slope of the
pipe as 3%, the discharge through the outlet nearest to the
plug was maximum when the plug was positioned between
outlets 7 and 8 and this discharge occurred through the
outlet 7. 1In all the cases for different pipe slopes of 1%,
2% and 3%, the discharge through the first hole ceased when

the plug was between outlets 7 and 8.

4.2.1.1 Effect of slope

Figure 4 represents the discharge through the outlets
oriented at 30° with the vertical for pipe slopes of 1%, 2%
and 3%. Although the discharge through the first four
outlets were greater for 1% slope, the total discharge
through all the outlets was more for 2%. When the slope
increased to 3%, cumulative discharge through each outlet
and the total discharge from all the outlets were greater
than the other two pipe slope (Appendix II). The increase
in hydraulic head caused the increase in discharge when the

pipe slope was increased.
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FIG.4. VARIATION OF TOTAL DISCHARGE FROM AN OUTLET WITH SLOPE,
FOR OUTLET ORIENTATION (@) = 30°



The cumulative discharge through the outlets when the
orientation angle was 60° and for pipe slopes of 1%, 2% and
3% are represented graphically in Fig.5. The discharge
through the first few outlets were lesser for 3% than 2%
pipe slope and was the highest for 1% pipe slope. But
thereafter the discharge was more for 3% pipe slope. The
increase was more for 2% pipe slope than the 1% pipe slope.
The maximum cumulative discharge through an individual
outlet was greatest for outlet 2 for a pipe slope of 1%.
For the 2% and 3% pipe slopes the maximum discharge was
obtained from outlet 4. The total discharge from all the
outlets showed a tendency to increase with increase in slope.
This was attributed to the increase in hydraulic head

(Appendix II).

Figure 6 represents the discharge through outlets
oriented at 90° with the vertical for pipe slopes of 1%, 2%
and 3%. The total discharge from all the outlets was
greatest for the pipe slope of 3%. The pipe slope of 2%
gave more total discharge than with pipe slope of 1%
(Appendix II). The cumulative discharge through an
individual outlet was maximum for the outlet 4 when the pipe
slope was 1%. For pipe slopes of 2% and 3% the maximum

cumulative discharge occurred through the second outlet.

The cumulative discharge through each outlet in all the

cases showed that upto a certain position of the plug the
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discharge increased as the plug was moved downward. This
was caused due to the increase in hydraulic head as far as
the available supply was greater than the discharge through
the outlets. But after the plug reached a certain position
the discharge through the outlets decreased as the available
supply was reduced below the discharge through the outlets

causing a decrease in the hydraulic head.
4.2.1.2 Effect of orientation

Figure 7 shows the discharge through outlets for a pipe
slope of 1% for different orientations of outlet with
respect to the vertical centre line. When the orientation
angle increased the total discharge also increased (Appendix
II). The uniformity increased with increase in orientation
which could be observed from more flatter curves for greater
values of orientation angles. When the orientation was
increased the outlet was nearer to the ground level and more
number of holes were discharging. So there was more sharing
of the available supply which resulted in greater
uniformity. When the plug was moved towards the last few
outlets the discharge through maximum oriented outlets was
lesser than the low oriented outlets. This was because the
supply into the pipe decreased resulting in reduction of

hydraulic head.
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The effect of orientation of the outlets on the
discharge for a pipe slope of 2% is shown in Fig.8. The
uniformity increased in this case. This was because of
greater sharing of the available supply by more number of
outlets. The discharge through the last few outlets were
reduced for 90° oriented outlets. However, the total
discharge from all the outlets were highest when the
orientation with respect to the vertical was 90°. The 60°
oriented outlet gave more total discharge than the 30°

oriented outlet.

Figure 9 represents the discharge through the outlets
for a pipe slope of 3% and different outlet orientations.
Here also it was seen that the uniformity increased with
increase in outlet orientation. The total discharge from
all the outlets were also increased. For a few downstream
outlets the discharge was reduced for higher oriented
outlets. This was due to reduction in supply to the pipe

thus decreasing the hydraulic head.

4.2.2 Analysis of discharge under constant low inflow

Table 10 represents the discharge through the outlets
under low constant inflow when the pipe slopes were 2% and
3% and the outlet orientations were 30°, 60° and 90° with

the wvertical. The discharge increased with increase in



.'v

slope for all the three orientations. This was due to
increase in hydraulic head available at the outlet. The
discharge through the first few outlets were less for all
the experiments. This was because the supply which was
directly applied to the pipe returned to the tank to cause a
reduction in the hydraulic head. This discharge through all
the other outlets were almost equal. There were discharges
through two outlets nearest to the plug when 90° orientation
was used for a pipe slope of 2%. At this orientation angle
the outlets were lowered nearer to the ground level, thus

water behind the plug reached more number of outlets.

Figure 10 1is a graphical representation of outlet
discharge which occurred for pipe slope of 2% under
different outlet orientation angles of 30°, 60° and 90° from
the wvertical. The 90° orientation with wvertical gave
maximum discharge eventhough there were few cases of sharing
the supply. The orientations of 30° and 60° outlets gave
lesser discharge than for 90° oriented outlet. At a pipe
slope of 2% and outlet orientation of 30°, flow did not
occur in the first three outlets. At the same slope and
with 60° and 90° oriented outlets the first outlet did not
discharge. 1In all the cases the flow through the outlets
after "a first few became constant as constant head was

maintained. The discharge through first outlets were lesser



due to lower hydraulic head. After the flow became almost
constant there was minor fluctuations in the discharge which
could be attributed to the non-uniformity in the area of the

outlets.

Figure 11 shows the graphical representation of
discharge for a pipe slope of 3% under outlet orientations of
30°, 60° and 90° from the vertical. The wvariation in

- discharge with orientation was same as that for the 2%

slope. At a pipe slope of 3% and outlet orientation of 30°

flow did not occur in the outlets 1 and 2. For 60¢ and 90°

; oriented outlets, all the outlets discharged. 1In this case
E
1 also the discharge became almost constant after first few

Foutlets due to constant head maintained in the tank.
F
I;Suggestions

In the present study the plug consisted of a rubber

{dise. To reduce friction and to enable a smoother movement
_of the plug inside the pipe, plugs made of more flexible
‘ aterials like buckets, rubber ball etc. may be used. The
cable may also be substituted with Dacron fishing line, steel

.f polypropylene cables which have greater strength.
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SUMMARY AND CONCLUSIONS

Water, being a limited resource, every effort must be
made to make the best use of available water so as to
achieve sustainable crop production. Over the years, many
research works were carried out to improve the efficiency of

surface irrigation.

Besides poor irrigation efficiency of 50 to 60 per cent,
a considerable portion of the total cost involved in surface
irrigation farming goes to labour charges. Though water
saving methods 1like sprinkler system provides more
application uniformity and less labour requirements, they
have their inbuilt disadvantages of higher initial cost and

increased energy requirements.

The Agricultural Research Service of USDA took up these
points into consideration in 1979 and concentrated on
research works to develop systems that would provide more
application uniformity with less labour and energy inputs.
Cablegation was a product of that research. The svstem was
initially developed for furrow irrigation, but can be

effectively adapted to border and basin irrigation.

The system used an over-sized pipe laid to a precise

grade in which a plug obstructed the flow through the pipe.



Jater accumulated behind the plug, thus increasing the

hydraulic head and the supply was delivered through outlets
yrovided along the pipe. The parameters which would
luence the performance and efficiency of such an

ovative system need be analysed.

A semi-automated cablegation system was developed and
its performance assessed under laboratory conditions. Tests
e carried out with the cablegation arrangement at
lifferent pipe slopes and orientation angles of the outlets

ler decreasing head and under a constant low inflow.

In the first case i.e., for discharge under decreasing
head, the initial water surface elevation for each plug
fﬁaition was maintained at the same level. The plug was
fditioned between every two outlet orifices and ' the
‘ﬁischarge was monitored for a period of 30 seconds. The
_gfu~riment was conducted for different pipe slopes of 1 per
'ihut, 2 per cent and 3 per cent and outlet orientations of

30°, 60° and 90° for each slope.

In the second case i.e., for a constant low inflow of

for outlet orientations of 30°, 60° and 90° with the

- vertical centre line.



The two experiments helped to get knowledge about the
performance of the cablegation system under different pipe

slopes and outlet orientations from the vertical centre

line. Results of the experiments can be summarized as
follows.
i The discharge through the outlets was greatest for pipe

slope of 3 per cent and least for pipe slope of 1 per
cent in the case of decreasing head experiment. So it
can be concluded that the increase in pipe gradient
resulted in increased discharge due to greater hydraulic

head available at the outlet.

- i When the outlet orientation was 90° with vertical,
greater discharge was obtained than for the 30° and 60°
oriented outlets. Least discharge was observed for 30°
oriented outlet. This was due to increase in hydraulic
head for 90° oriented outlets, due to lowering of
outlets towards the ground level. Greater uniformity was
observed for 90 oriented outlets due to more sharing of

water by the outlets.

o . When constant low inflow was supplied, flow occurred
only through the outlet nearest to the plug. The
discharge through outlets tend to increase with increase

in slope for all the three orientations. This could be



attributed to the 1increase 1n hydraulic head due toO

increase in pipe slope.

4. Analysis of the effect of orientation under constant
discharge showed that increase in outlet orientation
procured more discharge for all slope. For an outlet
orientation of 90° at 2 per cent pipe slope there was
sharing of the supply by more than one outlet due to

higher hydraulic head.

When the system is operated at a specified pipe slope
and outlet orientation, the discharge rate can be adjusted by
varying the plug speed. At lower plug speeds, higher
discharge will be obtained and as the speed increased the
discharge rate decreased. So in order to get the desired

discharge the plug speed need be carefully calibrated.

At a definite pipe slope, the orientation can be
selected according to the inlet supply and the desired outlet
discharge. With a constant inlet supply, more discharge can

be obtained for outlet oriented more from the vertical and

vice versa.
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APPENDIX-I

é, Sf is the head gradient along the pipe in m/m due to
- friction

is the flow rate in litres/minute
is the inside diameter of the pipe in mm

is the roughness coefficient of the pipe

rate Qc = 0,9 x 0.6 x 0.032 x 60 = 34.5€ lit/min
' 1000x30

= 12025561 0-x150xx (0. 0002) °**D*

I 0o
il

.

8 mm



1% 60"

2% 60°

30°
3% 60°
90°

0.2443
0.457
0.4023

0.1667
0.3686
0.4902

0.2681
0.2687
0.5734

0.4142
0.5513
0.5321

0.3246
0.3892

0.5843

0.4293
0.5134
0.6333

0.4556
0.5206
0.5224

0.3971
0.5232
0.554

0.504
0.6005

0.5993

0.4639
0.511
0.538

0.4396
0.5467
0.544

0.586
0.6301
0.6147

0.439
0.4759
0.48B59

0.490
0.5114
0.5089

0.5703
0.5959
0.5807

0.357
0.369
0.4046

0.4154
0.4427
0.4026

0.4713
0.5093
0.5039

0.276
0.282
0.363

0.3726
0.3767

0.315

0.4057
0.4293
0.41

0.1914
0.1717
0.226

0.246
0.2547
0.2067

0.2674
0.2847
0.270

0.0947
0.067
0.110

0.127
0.130
0.10

0133
0.150C
0.128

2.9351
3.4061
3.5843

2.9785
3.6719
3.7057

3.635
3.9813
4.313



APPENDIX-III

ction alhead loss in metres per 100 metres length of
PVC pipe line

e e e e e T L L T e

Friction loss in metres per hundred metres
Diametr of pipe (cm)

2008 6.25 7.61 8.9

0.03 Uoul

0.06 0.02

0.11 0°.04 0.01

0516 0.06 0,02 0.01
Q235 0.14 0.05 0.02
0.60 23 0.09 0.04
0.91 0.36 0512 0.07
Ll .50 0.19 0.10
3.0 0.67 0.25 013
2.18 0.86 0.32 0.18
a7 .07 0.40 021
3.30 1.30 0.49 25
3.94 1.54 Q.59 0.30
4.62 181 0.69 SR
5.36 2.10 0.80 0.40
6.14 2 .42 0.92 0.47
6.99 215 1.06 0.55
7.86 ke 1.19 0.62
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ABSTRACT

.~ Cablegation is an automated method of supplying water
surface irrigation. This technique has been derived
a series of researches conducted towards lessening the
r input and energy costs of irrigation. The system has
at application owing to its low initial cost and energy
irements and high water application efficiency. The
egation system delivers the design rates of flow into
rigation furrows through outlets positioned along a
eyance pipe laid on a certain gradient with a moving
. ug inside for flow control. The flow rates are controlled
manipulating the speed of movement of the plug, the
lient of the main pipe and the size and orientation of
orifice holes. The movement of the plug past a hole
duces water delivery through the upstream outlets due to

2 backup of water.

Laboratory tests were conducted to evaluate the
formance of a manually controlled cablegation system, by
lying water under varying head and by applying a constant
discharge to the pipe, for various pipe slopes and
fent outlet orientations from the vertical centre line.
le pipe slopes chosen were 1 per cent, 2 per cent and 3 per

and outlet orientations of 30°, 60° and 90° with the



- The study revealed that the discharge increased

ease in pipe slope and outlet orientation. Greater
was obtained for the 90° oriented outlet. The

through the outlets can be controlled by adjusting

J speed.

the system can reduce labour input, increase the
lication efficiency and costsless. So it is more

' than other automated systems.
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