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PUMPS
3.1 Centrifugal Pumps:The hydraulic machines which convert the mechanical energy to hydraulic energy are called
pumps. The hydraulic energy is in the form of pressure energy. If the mechanical energy is converted, into
pressure energy by means of centrifugal force acting on the fluid, the hydraulic machine is called
centrifugal pump.
The centrifugal pump works on the principle of forced vortex flow which means that when a
certain mass of liquid is rotated by an external torque, the rise in pressure head of the rotating liquid takes
place. The rise in pressure head at any point of the rotating liquid is proportional to the square of tangential
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impeller, where radius is more , the rise in pressure head will be more & the liquid will be more & the
liquid will be discharged at the outlet with a high pressure head. Due to this high pressure head, the liquid
can be lifted to a high level.
Main Parts Of A Centrifugal Pump:The followings are the main parts of a centrifugal pump:
1.
2.

Impeller
Casing

3.

Suction pipe with a foot valve & a strainer

4.

Delivery Pipe

All the main parts of the centrifugal pump are shown in Fig 19.1
1. Impeller: The rotating part of a centrifugal pump is called ‘impeller’. It consists of a series of
backward curved vanes. The impeller is mounted on a shaft which is connected to the shaft of an
electric motor.
2. Casing: The casing of a centrifugal pump is similar to the casing of a reaction turbine. It is an airtight passage surrounding the impeller & is designed in such a way that the kinetic energy of the water
discharged at the outlet of the impeller is converted into pressure energy before the water leaves the
casing & enters the delivery pipe. The following three types of the casings are commonly adopted:
a.

Volute casing as shown in Fig.19.1

b.

Vortex casing as shown in Fig.19.2(a)

c.

Casing with guide blades as shown in Fig.19.2(b)

a) Volute casing as shown in Fig.3.1the Volute casing, which is surrounding the impeller. It is of
spiral type in which area of flow increases gradually. The increase in area of flow decrease velocity
of flow. Decrease in velocity increases the pressure of water flowing through casing. it has been
observed that in case of volute casing, the efficiency of pump increases.

Main parts of a centrifugal pump
Fig. 3.1
b) Vortex casing. if a circular chamber is introduced between the casing and impeller as shown in
fig.3.1,the casing is known as vortex casing .by introducing the circular chamber,loss of energy due to
formation of eddies is reducedto a considerable extent.thus efficiency of pump is more than the efficiency
when only volute casing is provided.
c) Casing with guide blades. This casing is shown in fig.3.1 in which the impeller is surrounded by a
series of guide blades mounted on a ring which is known as diffuser. The guide vanes are designed in
which a way that the water from the impeller enters the guide vanes without stock.Alsothe area of guide
vanes increases, thus reducing the velocity of flow through guide vanes and consequently increasing the
pressure of water.The water from guide vanes then passes through the surrounding casing which is in most
of cases concentric with the impeller as shown in fig.3.1.
3.Suction pipe with foot-valve and a strainer: A pipe whose one end is connected to the inlet of pump
and other end

dips into water in a sump is known as suction pipe. A foot valve which is a non-return

valve or one –way type valve is fitted at lower end of suction pipe. Foot valve opens only in upward
direction. A strainer is also fitted at lower end of suction pipe.

Different type of casing

Fig: 3.2
4. Delivery pipe: a pipe whose one end is connected to outlet of pump and other end delivers water at a
required height is known as delivery pipe.
Efficiencies of a centrifugal pump: Efficiencies of a centrifugal pump: In case of a centrifugal pump, the
power is transmitted from the shaft of the electric motor to the shaft of the pump & then to the impeller.
From the impeller, the power is given to the water. Thus power is decreasing from the shaft of the pump to
the impeller & then to the water. The following are the important efficiencies of a centrifugal pump:
a. Manometric efficiencies η man
b. Mechanical efficiencies η m
c. Overall efficiencies η o
a)

Manometric Efficiencies η man : The ratio of the manometric head to the head imparted by the
impeller to the water is known as manometric efficiency. It is written as

η max = Manometric head∕Head imparted by impeller to water
=
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=
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The impeller at the impeller of the pump is more than the power given to the water at outlet of the pump.
The ratio of the power given to water at outlet of the pump to the power available at the impeller, is known
as manometric efficiency.
The power given to water at outlet of the pump=

WH m
kW
1000

The power at the impeller =
W Vw 2 u 2
kW
×
g 1000
WH m
=
gH m
η max = 1000 =
W Vw 2 u 2 Vw 2 × u 2
×
g 1000

b)

Mechanical efficiencies:-

The power at the shaft of the centrifugal pump is more than the power available at the impeller of
the pump . The ratio of the power available at the impeller to the power at the shaft of the centrifugal
pump is known as mechanical efficiency. It is written as

η m = Power at the impeller∕Power at the shaft
The power at the impeller in kW=Work done by impeller per second∕10000
=

W Vw 2u2
×
g 1000

ηm =

W
g
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 1000  ...............
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Where S.P.= Shaft Power
c)

Overall efficiencies η o
It is defined as the ratio of power output of the pump to the power input to the pump . The power
output of the pump in kW

=

=

WH m
1000

Power input to the pump =Power supplied by the electric motor
= S.P. of the pump

 WH m 


1000 

=η o =
................
S .P.
= η man × η m ....................

Problem 3.1: The internal & external diameters of the impeller of a centrifugal pump are 200mm &
400mm respectively. The pump is running at 1200 r.p.m. The vane angles of the impeller at inlet &
outlet are 200& 300 respectively. The water enters the impeller radially & velocity of flow is
constant. Determine the velocity of flow per metre sec.
Solution: Internal Dia. Of impeller,=D1=200mm=0.20m
External Dia. Of impeller ,=D2=400mm=0.40m
Speed N=1200r.p.m
Vane angle at inlet , θ = 20 0
Vane angle at outlet, φ = 30 0
Water enter s radially means, α = 90 0 and Vw1 = 0
Velocity of flow , = V f 1 = V f 2
Tangential velocity of impeller at inlet & outlet are,
ΠD1 N Π × .20 × 1200
=
= 12.56m / s
60
60
ΠD2 N Π × .40 × 1200
u2 =
=
= 25.13m / s
60
60
u1 =

From inlet velocity triangle,
V
f1
f2
=
u
12.56
1
= 12.56 tan θ = 12.56 × tan 20 = 4.57 m / s

tan φ =
V
V

f1
f2

V

=V

f1

= 4.57 m / s

Problem 3.2: A centrifugal pump delivers water against a net head of 14.5 metres & a design speed of
1000r.p.m .The values are back to an angle of 300 with the periphery. The impeller diameter is 300mm &
outlet width 50mm. Determine the discharge of the pump if manometric efficiency is 95%.
Solution: Net head, Hm= 14.5m
Speed, N =1000r.p.m
Vane angle at outlet, φ = 30 0
Impeller diameter means the diameter of the impeller at outlet
Diameter, D2 = 300mm = 0.30m
Outlet width,

B2 = 50mm = 0.05m

Manometric efficiency, η man = 95 %=0.95
Tangential velocity of impeller at outlet,

u2 =

πD2 N
60

=

π × .30 × 1000
60

= 15.70m / s

Now using equation

η max =

gH m
Vw 2 u 2

0.95 =

9.81 × 14.5
Vw 2 × 15.70

Vw 2 =

0.95 × 14.5
= 9.54m / s
0.95 × 15.70

Fig. 3.3
Refer to fig(3.3). From outlet velocity triangle, we have
tan φ =

Vf 2
(u 2 − Vw 2 )

tan 30 0 =

Vf 2
(15.70 − 9.54)

=

Vf 2
6.16

V f 2 = 6.16 × tan 30 = 3.556m / s
0

Disch arg e = Q = π ×D 2 ×B2 × V f 2
= π × 0.30 × 0.05 × 3.556m 3 / s = 0.1675m 3 / s
3.2Reciprocating Pump:Introduction:We have defined the pumps as the hydraulic machines which convert the mechanical energy to hydraulic
energy which is mainly in the form of pressure energy. If the mechanical energy is converted into
hydraulic energy

(or pressure energy) by sucking the liquid into a cylinder in which a piston is

reciprocating (moving backwards and forwards), which exerts the thrust on the liquid & increases its
hydraulic energy (pressure energy), the pump is known as reciprocating pump.

Main parts of a reciprocating pump:The following are the main parts of a reciprocating pump as shown in fig(3.4)

Fig. 3.4
Discharge through a Reciprocating Pump: Consider a single acting reciprocating pump as shown in fig
().
Let D= dia. Of the cylinder
A= C/s area of the piston or cylinder
=
r= Radius of crank
N=r.p.m of the crank
L=Length of the stroke=2*r
hs = height of the axis of the cylinder from water surface in sump
hd = Height of the delivery outlet above the cylinder axis (also called delivery head)
Volume of water delivered in one revolution or discharge of water in one revolution
= Area * Length of stroke = A*L

Number of revolution per second, =
Discharge of the pump per second , Q= Discharge in one direction × No. of revolution per second

= A×L

=

Wt. of water delivered per second, W = ρgQ =

…………………………….

ρgALN
60

……………………………

Work done by Reciprocating Pump : Work done by the reciprocating pump per sec. is given by the
reaction as
Work done per second = Weight of water lifted per second × Total height through which
water is lifted
= W × (hs + hd )
Where (hs + hd ) = Total height through which water is lifted
From equation () Weight, W is given by W =

ρgALN
60

Substituting the value of W in equation () we get
Work done per second =

ρgALN
60

(hs + hd )

…………………………………………

Power required to
ρ × g × ALN (hs + hd )
60 × 1000

drive

the

pump,

=

in

kW

ρgALN (hs + hd )
60,000

=

kW

…………………………

Classification of reciprocating pumps:
The reciprocating pumps may be classified as:
1. According to the water being in contact with one side or both sides of the piston, and
2. According to the number of cylinders provided
If the water is in contact with one side of the piston, the pump is known as single-acting. On the other
hand,
If the water is in contact with both sides of the piston, the pump is called double –acting. Hence,
classification according to the contact of water is:
I.
II.

Single-acting pump
Double –acting pump
According to the number of cylinder provided, the pumps are classified as:
I.

Single cylinder pump

II.

Double cylinder pump

III.

Triple cylinder pump

IRRIGATION ENGINEERING
3.1 CANAL IRRIGATION
CANALS:- A conveyance subsystem for irrigation includes open channels through earth or rock formation, flumes
constructed in partially excavated sections or above ground, pipe lines installed either below or above the ground
surface, and tunnels drilled through high topographic obstructions. Irrigation conduits of a typical gravity project
are usually open channels through earth or rock formations. These are called canals. A canal is defined as an
artificial channel constructed on the ground to carry water from a river or another canal or a reservoir to the fields.
Usually, canals have a trapezoidal cross-section. Canals can be classified in many ways. Based on the nature of
source of supply, a canal can be either a permanent or an inundation canal. A permanent canal has a continuous
source of water supply. Such canals are also called perennial canals. An inundation canal draws its supplies from a
river only during the high stages of the river. Such canals do not have any head-works for diversion of river water
to the canal, but are provided with a canal head regulator. Depending on their function, canals can also be
classified as: (i) irrigation, (ii) navigation, (iii) power, and (iv) feeder canals. An irrigation canal carries water from its
source to agricultural fields. Canals used for transport of goods are known as navigation canals. Power canals are
used to carry water for generation of hydroelectricity. A feeder canal feeds two or more canals. A canal can serve
more than one function. The slope of an irrigation canal is generally less than the ground slope in the head reaches
of the canal and, hence, vertical falls have often to be constructed. Power houses may be constructed at these falls
to generate power and, thus, irrigation canals can be used for power generation also. Similarly, irrigation canals
can also be utilized for the transportation of goods and serve as navigation canals. Inland navigation forms a cheap
means of transportation of goods and, hence, must be developed. However, in India, inland navigation has
developed only to a limited extent. This is mainly due to the fact that irrigation canals generally take their supplies
from alluvial rivers and, as such, must flow with sufficient velocity to prevent siltation of the canal. Such velocities
make upstream navigation very difficult. Besides, the canals are generally aligned on the watershed1 so that water
may reach the fields on both sides by flow. This alignment may not be suitable for navigation which requires the
canal to pass through the areas in the vicinity of industries.
An irrigation canal system consists of canals of different sizes and capacities. Accordingly, the canals are also
classified as: (i) main canal, (ii) branch canal, (iii) major distributary, (iv) minor distributary, and (v) watercourse.
The main canal takes its supplies directly from the river through the head regulator and acts as a feeder canal
supplying water to branch canals and major distributaries. Usually, direct irrigation is not carried out from the main
canal. Branch canals (also called ‘branches’) take their supplies from the main canal. Branch canals generally carry
a discharge higher than 5 m3/s and act as feeder canals for major and minor distributaries. Large branches are
rarely used for direct irrigation. However, outlets are provided on smaller branches for direct irrigation. Major
distributaries (also called ‘distributaries’ or rajbaha) carry 0.25 to 5 m3/s of discharge. These distributaries take
their supplies generally from the branch canal and sometimes from the main canal. The distributaries feed either
water courses through outlets or minor distributaries. Minor distributaries (also called ‘minors’) are small canals
which carry a discharge less than 0.25 m3/s and feed the watercourses for irrigation. They generally take their
supplies from major distributaries or branch canals and rarely from the main canals. A watercourse is a small
channel which takes its supplies from an irrigation channel (generally distributaries) through an outlet and carries
water to the various parts of the area to be irrigated through the outlet.

3.5 LINING Necessity:
1. To minimize the seepage losses in canal.
2. To increase the discharge in canal in canal section by increases the velocity.
3. To prevent erosion of bed and side due to high velocities.
4. To retard the growth of weeds
5. To reduce maintained of canal.

Advantage of Lining:
1. The lining of canals prevents seepage loss and thus more area can be irrigated by the water so saved.
2. The increased velocity minimizes the losses due to evaporation.
3. The increased velocity helps to provide a narrow c/s for lined channels.
4. The lining of canal is an important anti –water logging measure as it reduces seepage to the adjoining land.
5. Higher velocity helps in providing a flatter hydraulic gradient or bed slope. Thus better command can be
obtained.
6. Higher velocity prevents silting of channel.
7. Lining makes the banks more stable in light textured soil.
8. Lining reduces maintenance costs and possibility of breaching due to increased stability of section.
9. Lining of a canal increases available head for power generation as a flatter gradient can be provided.
10. Canal lining assures economical water distribution.
11. Canal lining prevents water to come contact with harmful salts during transit.

Disadvantage of canal lining:
1. Canal lining requires a heavy initial investment.
2. Lining being permanent, it is difficult to shift the outlets very often.
3. It is very difficult to repair the damage lining.
4. A lined channel section is without berm.

Types of Lining
Types of lining are generally classified according to the materials used for their construction. Concrete, rock
masonry, brick masonry, bentonite-earth mixtures, natural clays of low permeability, and different mixtures of
rubble, plastic, and asphaltic materials are the commonly used materials for canal lining. The suitability of the
lining material is decided by: (i) economy, (ii) structural stability, (iii) durability, (iv) reparability, (v) impermeability,
(vi) hydraulic efficiency, and (vii) resistance to erosion (15). The principal types of lining are as follows:
(i)

Concrete lining,

(ii)

Shotcrete lining,

(iii)

Precast concrete lining,

(iv)

Lime concrete lining,

(v)

Stone masonry lining,

(vi)

Brick lining

(vii)

Boulder lining,

(viii)

Asphaltic lining, and

(ix)

Earth lining.

Concrete Lining
Concrete lining is probably the best type of lining. It fulfils practically all the requirements of lining. It is durable,
impervious, and requires least maintenance. The smooth surface of the concrete lining increases the conveyance
of the channel. Properly constructed concrete lining can easily last about 40 years. Concrete linings are suitable for
all sizes of channels and for both high and low velocities. The lining cost is, however, high and can be reduced by
using mechanized methods. The thickness of concrete depends on canal size, bank stability, amount of
reinforcement, and climatic conditions. Small channels in warm climates require relatively thin linings.
Channel banks are kept at self-supporting slope (1.5H: 1V to 1.25H: 1V) so that the lining is not required to bear
earth pressures and its thickness does not increase. Concrete linings are laid without form work and, hence, the
workability of concrete should be good. Also, experienced workmen are required for laying concrete linings.
Reinforcement in concrete linings usually varies from 0.1 to 0.4% of the area in the longitudinal direction and 0.1
to 0.2% of the area in the transverse direction. The reinforcement in concrete linings prevents serious cracking of
concrete to reduce leakage, and ties adjacent sections of the lining together to provide increased strength against
settlement damage due to unstable sub-grade soils or other factors. The reinforcement in concrete linings does
not prevent the development of small shrinkage which tend to close when canals are operated and linings are
water soaked. The damage due to shrinkage and temperature changes is avoided or reduced by the use of special
construction joints. Reinforced concrete linings may result in increased water tightness of the lining. However,
well-constructed unreinforced concrete linings may be almost equally watertight.

Shotcrete Lining
Shotcrete lining is constructed by applying cement mortar pneumatically to the canal surface. Cement mortar does
not contain coarse aggregates and, therefore, the proportion of cement is higher in shotcrete mix than in concrete
lining. The shotcrete mix is forced under pressure through a nozzle of small diameter and, hence, the size of sand
particles in the mix should not exceed 0.5 cm. Equipment needed for laying shotcrete lining is light, portable, and
of smaller size compared to the equipment for concrete lining. The thickness of the shotcrete lining may vary from
2.5 to 7.5 cm. The preferred thickness is from 4 to 5 cm. Shotcrete lining is suitable for: (a) lining small sections, (b)
placing linings on irregular surfaces without any need to prepare the subgrade, (c) placing linings around curves or
structures, and (d) repairing badly cracked and leaky old concrete linings. Shotcrete linings are subject to cracking
and may be reinforced or unreinforced. Earlier, shotcrete linings were usually reinforced. A larger thickness of
shotcrete lining was preferred for the convenient placement of reinforcement. The reinforcement was in the form
of wire mesh. In order to reduce costs, shotcrete linings are not reinforced these days, particularly on relatively
small jobs.

Precast Concrete Lining
Precast concrete slabs, laid properly on carefully prepared sub-grades and with the joints effectively sealed,
constitute a serviceable type of lining. The precast slabs are about 5 to 8cm thick with suitable width and length to
suit channel dimensions and to result in weights which can be conveniently handled. Such slabs may or may not be
reinforced. This type of lining is best suited for repair work as it can be placed rapidly without long interruptions in
canal operation. The side slopes of the Tungabhadra project canals have been lined with precast concrete slabs.

Lime Concrete Lining
The use of this type of lining is limited to small and medium size irrigation channels with capacities of up to 200
m3/s and in which the velocity of water does not exceed 2 m/s (16). The materials required for this type of lining
are lime, sand, coarse aggregate, and water. The lime concrete mix should be such that it has a minimum
compressive strength of about 5.00 kN/m2 after 28 days of moist curing. Usually lime concrete is prepared with 1 :
1.5 : 3 of kankar lime : kankar grit or sand : kankar (or stone or brick ballast) aggregate. The thickness of the lining
may vary from 10 to 15 cm for discharge ranges of up to 200 m3/s. Lime concrete lining has been used in the
Bikaner canal taking off from the left bank of the Sutlej.

Stone Masonry Lining
Stone masonry linings are laid on the canal surface with cement mortar or lime mortar. The thickness of the stone
masonry is about 30 cm. The surface of the stone masonry may be smooth plastered to increase the hydraulic
efficiency of the canal. Stone masonry linings are stable, durable, erosion-resistant, and very effective in reducing
seepage losses. Such lining is very suitable where only unskilled labour is available and suitable quarried rock is
available at low price. This lining has been used in the Tungabhadra project.

Brick Lining
Bricks are laid in layers of two with about 1.25 cm of 1:3 cement mortar sandwiched in between. Good quality
bricks should be used and these should be soaked well in water before being laid on the moistened canal surface.
Brick lining is suitable when concrete is expensive and skilled labour is not available. Brick lining is favoured where
conditions of low wages, absence of mechanisations, shortage of cement and inadequate means of transportation

exist. Brick linings have been extensively used in north India. The Sarda power channel has been lined with bricks.
The thickness of the brick lining remains fixed even if the sub-grade is uneven. Brick lining can be easily laid in
rounded sections without form work. Rigid control in brick masonry is not necessary. Sometimes reinforced brick
linings are also used.

Boulder Lining
Boulder lining of canals, if economically feasible, is useful for preventing erosion and where the ground water level
is above the bed of the canal and there is a possibility of occurrence of damaging back pressures. The stones used
for boulder linings should be sound, hard, durable, and capable of sustaining weathering and water action.
Rounded or sub-angular river cobbles or blasted rock pieces with sufficient base area are recommended types of
stones for boulder lining.

Asphaltic Lining
The material used for asphaltic lining is asphalt-based combination of cement and sand mixed in hot condition.
The most commonly used asphaltic linings are: (a) asphaltic concrete, and (b) buried asphaltic membrane.
Asphaltic linings are relatively cheaper, flexible, and can be rapidly laid in any time of year. Because of their
flexibility, minor movements of the subgrade are not of serious concern. However, asphaltic linings have short life
and are unable to permit high velocity of flow. They have low resistance to weed growth and, hence, it is advisable
to sterilise the sub-grade to prevent weed growth. Asphaltic concrete is a mixture of asphalt cement, sand, and
gravel mixed at a temperature of about 110°C and is placed either manually or with laying equipment. Experienced
and trained workmen are required for the purpose. The lining is compacted with heavy iron plates while it is hot. A
properly constructed asphaltic concrete lining is the best of all asphaltic linings. Asphaltic concrete lining is smooth,
flexible, and erosion-resistant. Since asphaltic concrete lining becomes distorted at higher temperatures, it is
unsuitable for warmer climatic regions. An asphaltic concrete lining is preferred to a concrete lining in situations
where the aggregate is likely to react with the alkali constituents of Portland cement. Buried asphaltic membrane
can be of two types:
(a) Hot-sprayed asphaltic membrane, and
(b) Pre-fabricated asphaltic membrane.
A hot-sprayed asphaltic membrane is constructed by spraying hot asphalt on the Sub-grade to result in a layer
about 6 mm thick. This layer, after cooling, is covered with a layer of earth material about 30 cm thick. The asphalt
temperature is around 200°C and the spraying pressure about 3 × 105 N/m2. For this type of lining, the channel
has to be over-excavated. The lining is flexible and easily adopts to the sub-grade surface. Skilled workmen are
required for the construction of this type of lining. Pre-fabricated asphaltic membrane is prepared by coating rolls
of heavy paper with a 5mm layer of asphalt or 3 mm of glass fibrereinforced asphalt. These rolls of pre-fabricated
asphaltic membrane are laid on the sub-grade and then covered with earth material. These linings can be
constructed by commonly available labour. Materials used for covering the asphaltic membrane determine the
permissible velocities which are generally lower than the velocities in unlined canals. Maintenance cost of such
linings is high. Cleaning operations should be carried out carefully so as not to damage the membrane.

4. WATER LOGGING AND DRAINAGE
For optimum growth and yield of field crops, proper balance between soil air and soil moisture is quite essential.
Except rice many of the cultivated plants cannot withstand excess water in the soil. The ideal condition is that
moisture and air occupy the pore spaces in equal proportions. When the soil contains excess water than that can
be accommodated in the pore spaces it is said the field is water logged.

Effects of water logging:1. Inhabiting activity of soil bacteria: The liberation of plant food is dependent upon the activity of soil bacteria,
which requires adequate amount of oxygen in the air for proper functioning. When the soil pores within the root
zone of the crops normally grown are so saturated as to effectively cutoff the normal circulation of air, the land is
water logged.
2. Decrease in available capillary water: Plant life draws its substance from the soil solution round the soil
particles which is drawn into the plants by capillary action and osmosis. If the water-table high, the roots of the
plants are confined to the top layers of the soil above the water table when if he water table is lower, the roots of
the plants have more room for growth.
3. Fall in soil temperature: A water logged soil warms up slowly and due to lower temperature, action of soil
bacteria is sluggish and plant food available is less.
4. Defective air circulation: When water table is high, the drainage becomes impossible and the carbon dioxide
liberated by the plant roots cannot be dissolved and taken away. Consequently fresh air containing oxygen is not
drawn and activity of soil bacteria and plant growth suffers.
5. Delay in cultivation operations: In water logged areas, cultivation operation such as ploughing and mulching
are either impossible or difficult and in any case they are delayed. Sowing of crops and their growth are also
delayed. Crops yield is poor and it arrives late in market causing loss to cultivators.
6. Growth of wild flora: In water logged, natural flora such as water hyacinth grows profusely. This crop reduces
the crop yield. A cultivator has to waste money and time both for clearing it out.
7. Rise of salt: The rise of water table also causes accumulation of alkali in the surface soil by the upward flow of
water which is established in waterlogged lands. The alkaline deposit changes the pH value of soil. Soil with pH
value 7.0 to 8.5 gives normal yields, with pH value 8.0 to 9.0 the yield decreases; when pH value raises to 11.0 the
soil become infertile.
8. Adverse effect on community health: The climate of a water logged area becomes damp. Formation of
stagnant pools may become breeding places for mosquitoes. The climate thus becomes extremely detrimental to
the health of community.

Causes of water logging: Water logging in any particular area is normally the result of several contributory
factors. The main factors causing water logging are given below:

1. Inadequate surface drainage: When the surface drainage is not adequate, the heavy precipitation in the area
is not drained off quickly and rainwater remains stagnant over the area for considerable time. The gives to heavy
percolation and water table rises in the area.
2. Over irrigation field: When the irrigation water applied to the field is in excess of the requirement of the crop,
deep percolation takes place which is retained in the intermediate zone augmenting the groundwater storage.
3. Obstruction of natural drainage: If a natural drainage is obstructed by irrigation channel, rail or road
embankments, it will not be able to pass the rain water of catchment. There will thus be floating of land and
consequent water logging.
4. Obliteration of natural drainage sometimes the cultivators plough up and obliterate an existing natural
drainage. Thus result in stoppage of storm water flow, consequent flooding and water logging.
5. Construction of water reservoir: The seepage from canal and reservoir augments the water table and may cause
water logging.
6. Natural obstruction to the flow of groundwater: Sometimes subsoil does not permit free flow of subsoil water
due to natural obstruction. This may Accenture the process of raising the water-table. The creation of a high false
water-table or perched water-table also leads to water logging.

Remedial Measures:
In devising anti-water logging measures, the nature and magnitude of various factors, enumerated in previous
article, should be correctly assessed and allowed for various remedial measures adopted for prevention of water
logging.

1. Efficient surface drainage: This system, which permits a quick flow of rainwater in short period helps to
reduce the water logging. They have initial cost of construction.

2. Under-drainage by tile drains: The drainage of agricultural land is done more satisfactorily by the drains. A
suitable tile drain can hold the water table at a predetermined level which will be most beneficial to the crops. It
has large initial cost.

3. Reducing percolation from canals: Measures for substantial reduction of percolation losses from canal have
to be undertaken. (a) Lining of irrigation channels so as to make bed and sides of canal impervious. (b) Lowering of
full supply level of irrigation channels. If the full supply level of irrigation channel is reduced, there will be lesser
seepage loss from embankment. The effective head between full supply level and field will also reduce and
therefore chances of waste ful use of water are avoided.

4. Restriction of irrigation: (a) the cultivators should be educated for economic use of water and induced to
divided his field into “Kiaries” to avoid wastage. He should also encouraged to supplement his water requirement
from open and tube wells. (b) Area with high water table may be allowed only for Kharif irrigation and during Rabi
the cultivators may irrigate from open and tube wells.

5. Lining of water courses: The losses by percolation from cultivators water course are the order of 20% and
above. Their lining therefore, further checks the inflow of canal water to subsoil through water courses.

6. Removing obstruction in natural drainage: Drainage crossing with road, railways and canals should be
remodeled to make it more efficient.

7. Prevention of seepage from water reservoir: Adequate and suitably designed toe filters provided so that
seepage ultimately finds its way into the natural stream.

8. Adoption of sprinkler method for irrigation: This reduces the percolation losses from watercourses as only
predetermined amount of water is applied to the land.

9. Changes in crop pattern: A change in crop pattern may minimize the damage to plant line.

Losses in canal:
The losses in canal comprise evaporation from the surface and seepage through the bed and sides of the
drains.
•

Loss due to evaporation from a canal system depends upon the climatic conditions of the region and
hence it can never be prevented. However, losses by evaporation forms a minor part, hardly 1 to 5 %
of seepage loss and hence, in most of the cases evaporation loss is not significant. ¬

•

Loss due to seepage is the most significant as this forms the major portion of he loss of the canal
water.

The seepage loss depends mainly upon the following factors.
1. Position of subsoil water-table.
2. Porosity of soil and subsoil.
3. Extent of absorbing medium.
4. Design of canal cross section.
5. Conditions of anal system. ¬

•

Depending upon the position of water table the seepage loss from the canal occurs in two ways, namely:
a) Absorption: When the water-table is considerably below the ground level, the water seeping through
pores is unable to join the water table and wets the subsoil locally forming a saturated bulb. The zone in
between this saturated zone and the zone of capillarity moisture remains unsaturated.

b) Percolation: When the water-table is close to the ground level, the seepage water may establish a direct
and continuous flow in between the canal section and water table .the space between the water table and
canal bed enclosed by the two flow lines, remains completely with water. When once a direct flow is
established, the seepage loss depends upon the head difference between the full supply level of canal and
water table.

5.0 DIVERSION HEAD WORKS AND REGULATORY STRUCTURES:
In order to harness the water potential of a river optimally, it is necessary to construct two
types of hydraulic structures

1. Storage structure: Usually a dam, which acts like a reservoir for storing excess runoff
of a river during periods of high flows (as during the monsoons) and releasing it
according to a regulatedschedule.

2. Diversion structure: It may be a weir or a barrage that raises the water level of the
river slightly, not for creating storage, but for allowing the water to get diverted through
a canal situated at one or either of its banks. Since a diversion structure does not have
enough storage, it is called a run-of-the river scheme. The diverted water passed
through the canal may be used for irrigation, industry domestic water needs or
powergeneration.

Weir: A low dam built across a river to raise the level of water upstream or regulate its flow.
Barrage: An artificial barrier across a river or estuary to prevent flooding, aid irrigation or
navigation, or to generate electricity by trial power.

Classification of Weir:

There are mainly 3 types,

• Masonrywier with verticaldrop

• Rock fill wier with slopingapron

• Concrete weir with sloping glacisdownstream

Barrage: (c/s of a barrage)

Components of Weir:

1.
2.
3.
4.
5.
6.

Weir /barrage divided into number ofbays
Undersluices
Dividewall/groyne
Fishladder
Canal headregulator
River trainingworks

(Layout of canal head regulator with river training work)
1. Spillwaybays:
This is the main body of the barrage for controlling the discharges and to raise the water level
to the desired value to feed the canals. It is a reinforced concrete structure designed as a raft
foundation supporting the weight of the gates, piers and the bridge above to prevent sinking
into the sandy river bed foundation.

2. Under sluice :These low crested bays may be provided on only one flank or on both flanks
of the river depending upon whether canals are taking-off from one or both sides. The width of
theundersluice portion is determined on the basis of the following considerations.
It should be capable of passing at least double the canal discharge to ensure good
scouringcapacity
•

It should be capable of passing about 10 to 20 percent of the maximum flood discharge
at highfloods
•

It should be wide enough to keep the approach velocities sufficiently lower than critical
velocities to ensure maximum settling of suspended siltload.
•

3. Dividewall:
The divide wall is much like a pier and is provided between the sets of under sluice or river
sluice or spill bays. The main functions of a divide wall:
• It separates the turbulent flood waters from the pocket in front of the canalhead.
• It helps in checking parallel flow (to the axis of the barrage) which would be caused by the
formation of deep channels leading from the river to the pocket in front of the sluices.

4. Fishpass/ladder:
Some barrages require providing special structures to allow migratory fishes to flow up and
down the river through structures called Fish Passes or Fish Locks.

5. Canal HeadRegulator:
The water that enters a canal is regulated through a Head Regulator. A typical cross section
through a regulator is shown in Figure 9. As it is desirable to exclude silt as much as possible
from the head regulator, the axis of the head regulator is laid out at 900-1100 an angle from to
the barrage axis as recommended in Bureau of Indian Standards code IS :6531(1972).

6. River training works:
The river training works for barrages are required to achieve the following;
1. Prevent out flanking of thestructure
2. Minimize cross flows through thebarrage
3. Prevent flooding by the river landsupstream
4. Provide favorable curvature of flow at the head regulator from the point of sediment entry
into the canal,and
5. Guide the river to flow axially through the barrage orw

6 Cross Drainage Work:
A cross drainage work is a structure carrying the discharge from a natural
stream across a canal intercepting the stream. Canal comes across
obstructions like rivers, natural drains and other canals. The various types
of structures that are built to carry the canal water across the above
mentioned obstructions or vice versa are called cross drainage works. It is
generally a very costly item and should be avoided by diverting one stream
into another. The changing the alignment of the canal so that it crosses
below the junction of twostreams.
Types of cross drainage works:
Depending upon levels and discharge, it may be of the following types,
Cross drainage works carrying canal across the drainage the structures
that fall under this typeare:
1. AnAqueduct
2. Siphon

Aqueduct

Aqueduct:
When the HFL of the drain is sufficiently below the bottom of the canal such
that the drainage water flows freely under gravity, the structure is known as
Aqueduct.
• In this, canal water is carried across the drainage in a trough supported
onpiers.
• Bridge carryingwater
• Provided when sufficient level difference is available between the canals
and natural and canal bed is sufficiently higher thanHFL.

Siphon Aqueduct:
In case of the siphon Aqueduct, the HFL of the drain is much higher above
the canal bed, and water runs under siphonic action through the Aqueduct
barrels. The drain bed is generally depressed and provided with pucca
floors, on the upstream side, the drainage bed may be joined to the pucca

Floor either by a vertical drop or by glacis of 3:1. The downstream rising
slope should not be steeper than 5:1. When the canal is passed over the
drain, the canal remains open for inspection throughout and the damage
caused by flood is rare. However during heavy floods, the foundations are
susceptible to scour or the waterway of drain may get choked due to
debris, tressetc.
Cross drainage works carrying drainage over canal. The
structures that fall under this type are:
1. Super passage
2. Canal siphon orsiphon
Super passage: The hydraulic structure in which the drainage is passing
over the irrigation canal is known as super passage. This structure is
suitable when the bed level of drainage is above the flood surface level of
the canal. The water of the canal passes clearly below the drainage
1. A super passage is similar to an aqueduct, except in this case the drain is
over thecanal.
2. The FSL of the canal is lower than the underside of the trough carrying
drainage water. Thus, the canal water runs under thegravity.
3. Reverse of anaqueduct.

Canal Syphon:
• If two canals cross each other and one of the canals is siphoned under the
other, then the hydraulic structure at crossing is called “canal siphon”. For
example, lower Jhelum canal is siphoned under the Rasul-Qadirabad
(Punjab, Pakistan) link canal and the crossing structure is called
“L.J.Csiphon”
• In case of siphon the FSL of the canal is much above the bed level of the
drainage trough, so that the canal runs under the siphonicaction.
• The canal bed is lowered and a ramp is provided at the exit so that the
trouble of silting isminimized.
• Reverse of an aqueductsiphon
• In the above two types, the inspection road cannot be provided along the
canal and a separate bridge is required forroadway.

Level Crossing:
When the bed level of canal is equal to the drainage bed level, then level crossing is to be constructed. This
consists of following steps:
1. Construction of weir to stop drainage water behind it
2. Construction of canal regulator across a canal
3. Construction of head regulator across a Drainage

Functioning of a level crossing:

In peak supply time of canal water parallel to drainage, both the regulators are opened to clear the drainage
water from that of canal for certain time interval. Once the drainage is cleared, the head regulator is closed
down. Anyhow, cross regulator is always in open condition throughout year to supply canal water

continuously.

Figure (e) Level crossing

7.1 Necessity of storage Reservoir
Reservoir is an area developed by water body due to construction of dam. Necessity are follows
1. Irrigation
2. Water supply
3. Flood control
4. Hydroelectric power generation
5. Navigation
6. Soil Conservation

7.2 Earth Dams:
Earthen dams are still cheaper as they utilize the locally available materials and les skilled labor
is required for them, as they build with the natural materials with a minimum processing and
primitive equipment’s.
Types of Earthen Dams:
•
•
•

Homogeneous embankment type
Zoned embankmenttype
Diaphragmtype

Causes of Failure of Earthen Dams:
Earth dams are less rigid and hence more susceptible to failure.
1. HydraulicFailures
• By over topping
• Erosion of upstreamface
• Cracking due to frostaction
• Erosion of downstream face by gullyformation
• Erosion of the downstreamtoe.
2. SeepageFailures
• Piping throughfoundations
• Piping through the dambody
• Sloughing of downstreamtoe
3. StructuralFailures

•

Foundationslide

•

Slide inembankment:

7.2 GRAVITY DAM:Gravity dams are massive structure dam which is constructed
of concrete or stone masonry. These dams are hold by the gravity to the ground.
A gravity dam depends on its own weight for stability and is usually straight in plan
although sometimes slightly curved.
A gravity dam can hold a large amount of water. As they rely on their own weight, it is
necessary to construct them on a solid foundation of bedrocks. A gravity dam may be
constructed either of masonry or of concrete. Masonry gravity dams are nowadays

constructed of only small heights. All major and important gravity dams are now
constructed of concrete only. A gravity dam may be either straight or curved in plan.

Forces acting on Gravity Dam:

•
•
•
•
•
•
•

Water pressure
Uplift Pressure
Silt pressure
Earthquakepressure
Wavepressure
Icepressure
Stability of dam due toweight

The forces to be resisted by a gravity dam fall into two categories as given below:

1. Forces, such as weight of the dam and water pressure which are directly calculated from
the unit weight of materials and properties of fluid pressureand
2. Forces such as uplift, earthquake loads, silt pressure and ice pressure which are
assumed only on the basis of assumptions of varying degree of reliability. In fact to
evaluate this category of forces, special care has to be taken and reliance placed on
available data, experience andjudgment.
The forces that give stability to the dam include:

1. Weight of thedam
2. Thrust of the tailwater

(Forces acting on dam)

Stability Analysis of Gravity Dam:

The stability analysis of gravity dams may be carried out by various methods, of which the
gravity method is described here. In this method, the dam is considered to be made up of a
number of vertical cantilevers which act independently for each other. The resultant of all
horizontal and vertical forces including uplift should be balanced by an equal and opposite
reaction at the foundation consisting of the total vertical reaction and the total horizontal shear
and friction at the base and the resisting shear and friction of the passive wedge, if any. For the
dam to be in static equilibrium, the location of this force is such that the summation of
moments is equal to zero. The distribution of the vertical reaction is assumed as trapezoidal for
convenience only. Otherwise, the problem of determining the actual stress distribution at the
base of a dam is complicated by the horizontal reaction, internal stress relations, and other
theoretical considerations. Moreover, variation of foundation materials with depth, cracks and
fissures which affect. Stresses and foundation pressures should be computed both with and
without uplift to determine the worstcondition.
The stability analysis of a dam section is carried out to check the safety with regard to

2. Rotation andoverturning
3. Translation andsliding
4. Overstress and materialfailure

Stability against overturning

Before a gravity dam can overturn physically, there may be other types of failures, such as
cracking of the upstream material due to tension, increase in uplift, crushing of the toe material
and sliding. However, the check against overturning is made to be sure that the total stabilizing
moments weigh out the de-stabilizing moments. The factor of safety against overturning may
be taken as 1.5. As such, a gravity dam is considered safe also from the point of view of
overturning if there is no tension on the upstream face.
Stability against sliding

Many of the loads on the dam act horizontally, like water pressure, horizontal earthquake
forces, etc. These forces have to be resisted by frictional or shearing forces along horizontal or
nearly-horizontal seams in foundation. The stability of a dam against sliding is evaluated by
comparing the minimum total available resistance along the critical path of sliding (that is,
along that plane or combination of plans which mobilizes the least resistance to sliding) to the
total magnitude of the forces tending to induce sliding.

(Stability against sliding on good rock)
Failure against overstressing:

A dam may fail if any of its part is overstressed and hence the stresses in any part of the dam
must not exceed the allowable working stress of concrete. In order to ensure the safety of a
concrete gravity dam against this sort of failure, the strength of concrete shall be such that it is
more than the stresses anticipated in the structure by a safe margin. The maximum
compressive stresses occur at heel (mostly during reservoir empty condition) or at toe (at
reservoir full condition) and on planes normal to the face of the dam. The strength of concrete
and masonry varies with age, the kind of cement and other ingredients and their proportions in
the work can be determined only by experiment.

7.4Spillways:
A spillway is a passage constructed either within a dam or in the periphery of
the reservoir to safely pass the excess of the flood water during flood flows
effectively from upstream to downstream. Depending upon the inflow rate, water
will start rising above the normal pool level, at same water release by the spillways
also. If water level increases over the maximum flood level, it ultimately
overtopped the dam by causing failure of dam. So, spillway is an essential for
safetyconcern.
The surface of the spillway should also be such that it is able to withstand
erosion or scouring due to the very high velocities generated during the passage of
a flood through the spillway. At the bottom of the channel, where the water rushes
out to meet the natural river, is usually provided with an energy dissipation device
that kills most of the energy of the flowing water. These devices, commonly called
as Energy Dissipators, are required to prevent the river surface from getting
dangerously scoured by the impact of the out fallingwater.
Usually, spillways are provided with gates, which provide a better control on
the discharges passing through. The capacity of a spillway is usually worked out on
the basis of a flood routing study and depends on following major factors,
• The inflowflood
• The volume of storage provided by thereservoir
• Crest height of thespillway
• Gated orungated
Types of spillways:
1. Free Overfall (Straight Drop)Spillway

2. Overflow (Ogee) Spillway
3. Chute (Open Channel/Trough)Spillway
4. Side ChannelSpillway
5. Shaft (Drop Inlet/Morning Glory)spillway
6. Tunnel (Conduit) spillway
7. Siphonspillway
1- Free Overfall / Straight dropSpillway:

In this type of spillway, the water freely drops down from the crest, as for an
arch dam (Figure 1) also for a decked over flow dam with a vertical or adverse
inclined downstream face (Figure 2). Flows may be free discharging, as will be the
case with a sharp-crested weir or they may be supported along a narrow section of
the crest. Water freely falls from crest under the action of gravity. Since vacuum is
created in the under-side portion of the falling jet, sufficient ventilation of nappe is
required in order to avoid pulsating and fluctuating effects of the jet.

(WithoutD/sprotection)

(With D/s protection)

2- Overflow (Ogee)Spillway:

This type of spillway is the most common type adopted in the field. It divides
naturally into three zones i.e. Crest, spillway face and the toe. The concept evolves
from replacing the lower nappy of the flow over thin plate weir by solid boundary.
The overflow type spillway has a crest shaped in the form of an ogee or S-shape.
The upper curve of the ogee is made to conform closely to the profile of the lower
nappy of a ventilated sheet of water falling from a sharp crested weir (figure 3).
Flow over the crest of an overflow spillway is made to adhere to the face of the
profile by preventing access of air to the underside of the sheet of flowing water.
Naturally, the shape of the overflow spillway is designed according to the
shape of the lower nappe of a free flowing weir conveying the discharge flood any
discharge higher than the design flood passing through the overflow spillway
would try to shoot forward and get detached from the spillway surface, which
reduces the efficiency of the spillway due to the presence of negative pressure
between the sheet of water and spillway surface. For discharges at designed head,
the spillway attains near-maximumefficiency.

(Fig-3 Outflow from a freelyfallingweir,
properly ventilatedfrombelow)

(Fig -4 Section of an Ogee spillway
with vertical u/sface)

3. Chute (Open Channel/Trough)Spillway:
A chute spillway, variously called as open channel or trough spillway, is one
whose discharge is conveyed from the reservoir to the downstream river level
through an open channel, placed either along a dam abutment or through a saddle.
The control structure for the chute spillway need not necessarily be an overflow
crest, and may be of the side-channel type, as has been shown in Figure 5.
Generally, the chute spillway has been mostly used in conjunction with
embankment dams, like the Tehri dam. Chute spillways are simple to design and
construct and have been constructed successfully on all types of foundation
materials, ranging from solid rock to soft clay. Chute spillways ordinarily consist
of an entrance channel, a control structure, a discharge channel, a terminal
structure, and an outletchannel.

(Fig-5 side channel entry to a Chute spillway)

4. Side ChannelSpillway:
A side channel spillway is one in which the control weir is placed approximately
parallel to the upper portion of the discharge channel, as may be seen in fig 6. The
flow over the crest falls into a narrow trough opposite to the weir, turns an
approximate right angle, and then continues into the main discharge channel. The
side channel design is concerned only with the hydraulic action in the upstream
reach of the discharge channel and is more or less independent of the details
selected for the other spillway components.
Discharge characteristics of a side channel spillway are similar to those of an
ordinary overflow spillway and are dependent on the selected profile of the weir
crest. Although the side channel is not hydraulically efficient, nor inexpensive, it
has advantages which make it adoptable to spillways where a long overflow crest
is required in order to limit the afflux (surcharge held to cause flow) and the
abutments are steep andprecipitous.

(Fig-6 sketch of a side-channel spillway)

5. Shaft (Drop Inlet/Morning Glory)spillway:
A Shaft Spillway is one where water enters over a horizontally positioned lip,
drops through a vertical or sloping shaft, and then flows to the downstream river
channel through a horizontal or nearly horizontal conduit or tunnel. A drop inlet
spillway can be used advantageously at dam sites that are located in narrow gorges
where the abutments rise steeply.
Discharge characteristics of the drop inlet spillway may vary with the range of
head. The head increases, the flow pattern would change from the initial weir flow
over crest to tube flow and then finally to pipe flow in the tunnel. This type of
spillway attains maximum discharging capacity at relatively low heads. However,
there is little increase in capacity beyond the designed head, should a flood larger
than the selected inflow design flood occur.

(Fig-7 Section through a shaft spillway)
6. Tunnel (Conduit) spillway:
Where a closed channel is used to convey the discharge around a dam through the
adjoining hill sides, the spillway is often called a tunnel or conduit spillway. The
closed channel may take the form of a vertical or inclined shaft, a horizontal tunnel
through earth or rock, or a conduit constructed in open cut and backfilled with
earth materials. Most forms of control structures, including overflow crests,
verticalorinclinedorificeentrances,dropinletentrances,andsidechannelcrests,

can be used with tunnel spillways. Tunnel spillways are advantageous for dam sites
in narrow gorges with steep abutments or at sites where there is danger to open
channels from rock slides from the hills adjoining the reservoir. Conduit spillways
are generally most suited to dams in wide valleys as in such cases the use of this
types of spillway would enable the spillway to be located under the dam very close
to the stream bed.

(Fig-8 Tunnel spillway with a morning glory entrance)
7. Siphonspillway:
A siphon spillway is a closed conduit system formed in the shape of an inverted
U, positioned so that the inside of the bend of the upper passageway is at normal
reservoir storage level. This type of siphon is also called a Saddle siphon spillway.
The initial discharges of the spillway, as the reservoir level rises above normal, are
similar to flow over a weir. Siphonic action takes place after the air in the bend
over the crest has been exhausted. Continuous flow is maintained by the suction
effect due to the gravity pull of the water in the lower leg of thesiphon.
Siphon spillways comprise usually of five components, which include an inlet,
an upper leg, a throat or control section, a lower leg and an outlet. Another type is
hooded type of siphon spillway in which reinforced concrete hood is constructed
over an ordinary overflow section of a gravity dam. The inlet of this hood is kept
submerged so as to prevent entry of debris and ice. A small depriving hood is kept
above the main hood and both these hoods are connected by air vent and head of
the depriver hood is kept at normal pool level.

(Fig-9 Saddle Siphon)

(Fig-10 Siphon installed over the overflow
spillway)

