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3.2.1 Total Hydrostatic Force on a Horizontal Plane Surface
o Consider aplane surface immersed in a static mass Free liquid surface

E of liquid of specific weight Y, such that it is held in g
E a horizontal position at a depth hbelow the free
3 surface of the liquid. (Figure 3.2)
4 Since every point on the surface is at the same
depth below the free surface of the liquid, the Horizontal
pressure intensity is constant over the entire surface. gLar?aece
If. Ais the total area of the surface, then the total of sread

hydrostatic force on the horizontal surface,

Figure 3.2 Total hydrostatic force on
| F=pA=(Yh)A=YAh ~(1) a horizontal plane surface

The direction of this force will be vertically downward and normal to the surface and will act at the
centroid of the surface.

3.2.2 Total Hydrostatic Force on a Vertical Plane Surface
¢ Consider a plane surface having area A is
submerged in static mass of liquid having specific
weight Y. The surface is in vertical position such

that the centroid of surface is at a depth of h below O @)

the free surface of the liquid (Figure 3.3). ¥ T

* Since the depth of the liquid varies from point to y

point on the surface, the pressure intensity isnot | ~ p-------- L_:_ ?"’

>

the same all over the surface. ! -
» Consider a horizontal strip of infinitesimal thickness . '

dyand width blying at a vertical depth y belowthe | |77 v\

free surface of the liquid. It is assumed that the [ Erope pceeish N f """""" %

pressure intensity is constant over the area of the e o=l :

strip and having magnitude of p = yy. ‘Y d '

Thus, total hydrostatic force acting on the strip, '

Figure 3.3 Total hydrostatic force on a

df = pdA vertical plane surface
dA = bdy
" , - dF = yy(bdy)
Then, total hydrostatic force on the entire plane surface,
F = [dF ="[y (bdy) _
since, Jy(bdy) = summation of first moments of the areas of the strips about an axis 00.
Inbdy) = AR
F=YAh .(2)

YF is the pressure intensity at centroid of the surface. Therefore, it can be stated that the total

hydrostatic force on a plane surface is equal to the product of the surface area and the intensity of
pressure at the centroid of the area.

Centre of Pressure for Vertical Plane Surface
(@) Vertical Location
e Incase of vertical plane surface, pressure intensity increases with depth. Thus, centroid of pressure
intensity will always be below the centroid of the surface area.
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Fig.2.9 Standard non-recording rainguage of Indian Meteorological Department
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- GG
UTHIC S,

, ce easure snowfall, when snow is expected. In the Case
* Theseraingauge can also be used to meas
is al tocollectin tt ter metal cons-:
snow, the funnel and bottle is removed and snow is allowed to collect in the outer metal ¢g, tang,
When the snow is melted, the depth of resulting water is measured.

Volume of water collected in bottle (cm?)
Area of the gauge (cm?)

= Depth of rainfall(cm)

v S
- Doyou know? The rainfall in raingauge is measured everyday at 8:30 AM (/ST) and is recorded as the rainfalj ’
| of that day.

(i) Recording Type Raingauges: This type of raingauge can give us a permanent automatic rainfaj|
record. There is some mechanical arrangement by which rain fallen vs. time plot come on graph
paper.

These are sometimes called as Integrating raingauges or continuous raingauges.
They are of great use in hills and for opposite areas, where it is not practically feasible to daily
visit the gauge station,

The commonly used recording raingauges are:

(a) Tipping Bucket Type (b) Weighing Bucket Type

(c) Natural Syphon Type
(@) Tipping Bucket Type: Inthis, rain water is first caught in a collector ang passed through
a funnel. The funnel discharge the water into a two bucket compartment when some amount
of rain (0.10-0.25 mm) gets filled up in one Compartment the bucket tips, emptying into a
reservoir and moving the second compartment into place beneath the funnel.
B
N

] Rain Circular
JWater ‘/Collector

—

‘ 4—— Funnel

__Two compartment

tipping bucket - ; | = ucket ‘
Ve Reservoir
L Y
=
Reservoir

 ——
.-.| Measuring
:zH Glass

Measuring tube
Fig.2.10 Indicating the recording mechanism ofa Fig.2.11 Photographic view ofaTipping
Tipping Bucket'type of arecording rainguage Bucket type of g rainguage
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(b)

rainfall.
Weighing-Bucket Type Gauges: In this type

The record from the tipping bucket type of raingauge gives the data of the intensity of

of raingauge, the weight of rain which falls

into a bucket placed on the platform of a spacing on other weighing mechanism. The
increasing weight of bucket helps in recording the increasing quantity of collected rain

with time, by moving a pen on recording drum.

Rain Water
Collector
Platform
/ or Pan
Recording Pen |—] ﬂ
Graph Paper weidin
g
Wrapped Round ghtn
A Rotating Drum : Mgchahlgm
| EETaE 2
e
|

Fig.2.12  Recording mechanismofa ’Weighing’type ofa recordi‘né rainguage

' NOTE: This instrument gives a plot of accumulated rainfall against the elapsed time, means it provides mass |

. curveofrainfall.

(c)

Natural-Syphon Type: In this raingauge, the rainfall collected by afunnel-shaped collector
and lead into a float chamber due to this float which rise. As the float rises, a pen attached
to the float through a lever system records the elevation of the float on a rotating drum.

A syphon arrangement empties the float chamber as the float has reached a pre-set
maxir‘num:level and again the reading starts frominitial point.

(240 Gl
. | Gun Metal rim -

Funnel

Cover —|

Recording —fF—=
mechanism

Base

Fig.2.13  Section through an automatic rainguage (Floating type)
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CHAPTER

Irrigation Principles, Practices and Project

“

1.1 Definition of Irrigation

Irrigation may be defined as the process of artificial application of water to the soil or land for the growth
of agricultural crops

In other words, it is a science of planning and designing a water supply system for the agricultural land
to protect the crops from adverse effects of weather.

1.2 Main Concerns in Irrigation
Main concerns in irrigation are as follows:
()  What should be the methods of irrigation?
(i) How much moisture could be retained by the soil in their pores?
(iii) What should be the adequate time to irrigate the soil (i.e. optimum frequency of irrigation)?
In other words, after how much depletion of moisture level we should apply the next watering?

1.3 Advantages of Irrigation

(i) Increase in crop yield: Increase in crop yields occur on account of good irrigation systems leading
to increase in food production

(i) Protection against famines: Food production of a country can be increased by availing irrigation
facilities. This helps preventing famine situations

(iii) Revenue Generation: Assumed supply of irrigation water leads to growing of superior crops by the

farmers. Farmers become prosperous by selling the crops while governments revenue is generated
by imposing taxes on irrigation water

(iv) Avoidance of mixed cropping: Mixed cropping means sowing of two or more crops together in the
same field when weather conditions are not favorable for a particular type of crop. The need of mixed
cropping is eliminated if we have good irrigation facility

(v) Navigation: Irrigation canals may be used for inland navigation. Inland navigation is useful for
communication and transportation.
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1.4

1.5

1.6

1.6.1

(vi) Hydroelectric Power Generation: Major river valley projects are planned to provide hydroelectrig
power together with irrigation. Thus, at the same time dual purpose is served
(vii) Generation of employment opportunities: Durin

g construction of irrigation works like cang
headworks, weir/barrage, overhead irrigation works,

employment opportunities are generateq.

Disadvantages of Irrigation
(i) Wastage of irrigation water: Abundant su
than the required amount of water.

(if) Formation of marshy land: Excessive seepage of
of marshy lands along the course of the canals.

pply of irrigation water tempts the cultivators to use more

water from irrigation canals may lead to formation

originating from dampness,

(iv) Loss in valuable lands: In various cases, v

aluable lands get submerged when storage reservoirs
are formed on account of construction of wi

eirs, barrages or dams.

Systems of Irrigation

LSysten:l of IrrigatioTl
I : R
lﬂ’t irigation (by pumpin@ Flow irrigation (by gravity)
)

_ 2 =¥
By man or By mechanical Inundation irrigation
animal power| | or electrical power (flood irrigation)
- Direct irigation

fe.g. weir, barrage
river regulators]

Perennial
irrigation

Indirect irrigation
(or storage irrigation)
[e.q. Dams]

Surface and Sub Surface Irrigation

Surface Irrigation

In this method, irrigation water is distributed to the agricultural land through small channels which
flood the area upto a required depth.

Water is applied and distributed either b

This method is good for soils with low to moderate infiltration Capacities and lands with uniform
terrain. '

Y gravity or pumping.

Flow irrigation
Surface irrigation

Lift irrigation
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1.6.2

1.7

(i) Flow irrigation
»  Water available at higher level is supplied to a lower level by the action of gravity.
(ii) Liftirrigation
e  Water available at lower level is lifted to a higher level by mechanical or manual means and then
supplied for irrigation. (e.g. pumps etc.)
*  Mostly tubewells are used for this purpose.
Flow irrigation can be further subdivided into:
(@ Perennialirrigation (b) Floodirrigation

Subsurface Irrigation

*  Inthis method, water flows underground and nourishes plant roots by capillarity.
e  Water is applied to the root zones of crops by underground network of pipes.
e The network consists of main pipe, sub main pipes and lateral perforated pipes.
e This method is suitable for soils which are highly permeable.
It may be divided into following two types.
(i) Natural Sub-irrigation
e |eakage water from channels during its passage through sub soil irrigates crops sownon lower
lands.
(ii) Artificial Sub-irrigation
« In this method, a system of open jointed drain is artificially laid below the soil.
e Thisis costly process, so recommended in areas where crops provide high returns.

Methods of Irrigation
Irrigation water can be applied to crop lands using one of the following irrigation methods :
(i) Surface irrigation
(a) Uncontrolled (or wild or free) flooding method, (b)  Border strip method,
(c) Checkmethod, (d) Basin method, and
(e) Furrow method.
(i) Subsurface irrigation
(iii) Sprinkler irrigation
(iv) Trickle (Drip) irrigation
Each of the above methods have some advantages and disadvantages, and the choice of the method

depends on the following factors:

(i) Size, shape, and slope of the field,

(i) Soil characteristics,

(i) Nature and availability of the water supply subsystem,
(iv) Types of crops being grown,

(v) Initial development costs and availability of funds, and
(vi) Preferences and past experience of the farmer
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1.7.1

1.7.2

Uncontrolled Flooding

t——— Supply channel —_
Ditches are excavated in the field. N
Water from these ditches are allowed to flow across the J

field without any restriction by opening the field regulators.

In case of controlled free flooding, surplus water flows
through the waste water channel and is discharged into
the river or drainage. R. -~FR.

In this method, cost of land preparation is low and cost of +
labour is high.

—-— Waste channel

F.C. = Field Channel

The main disadvantage is that the water application FR. = Field Regulator

efficiency is low (especially when flooding is not controlled).

In this case, we have series of field channels connected to
the main supply channel.

Fig.1.1

Border Flooding

In this method, land is divided into a series of long, uniformly graded, narrow strips separated by
low levees (i.e. small bunds).

Here, levees guide the flow of water down the field.
Usually, length of strips is in the range 100 to 400 m whereas width of strips is in the range 1010 20m

This method is suitable when the area is levelled in direction perpendicular to the flow in order 10
prevent water from concentrating on either side of the border.

Water is allowed to flow from supply ditch into each strip and during its travel water gets infiltrat
into the soil.

ed

As soon as the water reaches the lower end of the strip, water supply to that strip is turned oft:
This is the most popular method of flooding.

_..__..__—-———‘“‘/
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174 BasinFlooding T

e This method is mainly employed for watering orchards.

¢ In this method, one or more trees are generally
enclosed by circular channel through which water
flows.

0

—— Supply Channel <
e This circular channel acts as a basin. \\' N

e Each basin is connected to the field channel while
field channel is connected to the supply channel.

e This method is most suitable for crops that are

e

unaffected by standing water present over long period B = Basin &
of time. Fig. 14
1.7.5 Furrow Method
e In this method, water is supplied to the land by {_\' SuPphqvhannel ?"}
digging narrow channels at regular interval. Q' al'|l® a6
e These narrow channels are called furrow. @ g o é O Q é O
e Water infiltrates through the wetted perimeter of the Q 2 B @ Tl o Q o D
. Ql, |5 e Q|0
furrows and moves vertically and then laterally to Q @ e @ ], o alllo
saturate the sail. Q A () Q A ) Q ] O

e  Usually, crops are grown on the ridges between the
furrows.

e Depth of the furrows varies from 8 to 30 cm while .
length of furrows are around 400 m. Fig.1.5

e This method is suitable for row crops like sugarcane, groundnut, potato, tobacco etc.

* Preferred on flat area or gentle slopes.
1.7.6 Subsurface Irrigation

Subsurface irrigation (or simply sub irrigation) is the practice of applying water to soils directly under the surface.
Moisture reaches the plant roots through capillary action. The conditions which favor sub irrigation are as follows:

(i) Impervious subsoil at a depth of 2 meters or more, '

(i) A very permeable subsail,

(iii) A permeable loam or sandy loam surface soil,

(iv) Uniform topographic conditions, and

(v) Moderate ground slopes.

In natural sub irrigation, water is distributed in a series of ditches about 0.6 to 0.9 meter deep and 0.3 metel
f wide having vertical sides. These ditches are spaced 45 to 90 meters apart. Sometimes, when soil conditions are
ez favorable for the production of cash crops (i.e., high-priced crops) on small areas, a pipe distribution system is
placed in the soil well below the surface. This method of applying water is known as artificial sub-irrigation. Soils
which permit free lateral movement of water, rapid capillary movement in the root-zone soil, and very slow downward
movement of water in the subsoil are very suitable for artificial sub-irrigation. The cost of such methods is very high
However, the water consumption is as low as one-third of the surface irrigation methods. The yield also improves:
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1.7.7 Sprinkler Irrigation Method

* Inthis method, irrigation water is applied to the land in the form of a spray.
e Wateris sprayed by employing the network of main pipe, sub main pipes and lateral pipes.

* Lateral pipes may be perforated at the top and sides or it may contain series of nozzles through
which water comes out as a fountain.

* Inpresent scenario, we are using mainly rotating sprinkles.

Arm Nozzle
0 ) =
"'(rwo o 0 53 o o o 0 Riser
e
TIREEEEN HlH[HHHHHHHHHH:’H... N
R NN IIIIIIIIIIlllllllllllllllllllll Trrtsn
Lateral Pipe <— Pillar

Fig. 1.7 Rotary sprinklers

1.2.71 Advantages of Sprinkler irrigation method

Can be efficiently used for wide range of topography;,
Erosion of soil can be controlled

Water is uniformly applied

* 80%

soils and crops.

of water application efficiency achieved

Labour cost is reduced as no land preparation is required.
No land levelling is required.

1.7.7.2 Disadvantages of Sprinkler irrigation method
* Systemisg bit costl

Y to install, operate and maintain
Continuous Supply

of power is required

ettt sesess e
..,.-..................-......—....-.-..-«—.._.......-....
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Corners remain unirrigated

Under high wind condition and high temperature, application efficiency becomes poor
[ ]

High saline water at higher temperature causes leaf burning.

1.7.8 Drip Irrigation Method (Trickle irrigation)

* ltis the latest method of irrigation

* Inthis method, water and fertilizer are slowly and directly applied to the root zone of the plant i

order to minimize the evaporation and seepage losses
* Specially designed emitters and drippers are used for this purpose.

This method is best suited for row crops and orchards (eg. tomatoes, grapes, corn, cauliflowers,
cabbage etc.)

1.7.8.1 Advantages of drip irrigation

Water requirement is minimal

Evaporation losses are close to negligible

Highest rate of vegetative growth is achieved in this method.

Soil surface is least wetted and hence occurrence of diseases due to dampness decreases
No land levelling is required

No soil erosion takes place
Less labour is required

1.7.8.2 Disadvantages of drip irrigation

Plastic pipes or drippers may get attacked by the rodents
Does not offer frost protection

Needs regular flushing and supervision

High skill is required in the design, installation, operation and maintenance

PorolR gl 2lslicarne &

Multi-outlet
distributors
—~?
Sublat T
; ublatera
Submain Bop %
Nutrient tank
Gate valve Filter
Check valve —i ~ N~— Emittors
with bypass _\ % Lateral i
Ef/ = Pressure Gate valve
From pump or L/ control valve
pressure supply
Main line
Pressure regulator

Fig. 1.8 Line sketch of atypical drip irrigation system

el Yl ] Sy mp— —— A.w.»—-""“.“\
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3.2

3.2.1

3.22

3.23

Water Requirements of Crop;

Introduction N
* The term water requirements of crop means the total quantity of water required by a crop from the

time it is sown to the time it is harvested. 33
*  Water requirement varies with both type of crop as well as place.
*  Forsuccessful growth of crop, proper warmth, proper moisture, proper aeration, proper method of

cultivation and proper agricultural soil are the main requirements.

. . . 33.1

Cropping Seasons in India

*  There are mainly two crop seasons in India

()  Rabi(Winter crops) = From October till March

(i) Kharif (Monsoon Crops) = From April till September

But there is also a crop season called Zaid in addition to Rabi and Kharif
Sometimes in between Rabi and Kharif, Intermediate Crops are also grown.
Rabi

Rabi crops need relatively cool climate during the period of growth but warm climate during "¢ 3f3'2
germination of their seed and maturation

Important crops are wheat, barley, gram, pea, mustard.
Kharif

Crops are sown at the beginning of the south west monsoon and harvested at the end of thé sout?
west monsoon.

Important crops are Rice, Jowar, Bajra, Groundnut, Jute

3.4
Zaid | | o
e  There are certain crops besides Rabi and Kharif which are being raised throughout the year i
help of artificial irrigation.
. ; Zaid '
o Zaid Crops are divided into— Kharif Crops @c
Zaid Rabi Crops | ©Cop

B B e o T . :
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NOTE: Irrigation crops of Rabi seasons are mostly crops with seeds

3.3

3.3.1

Duty and Delta

Duty

Duty is defined as the area of the land irrigated by a unit discharge of water flowing continuously for
the duration of the base period of the crop.

It is denoted by D.
Duty is mainly measured in hectares/m3/s.
Duty is essential for designing the physical structure of water storage and conveyance system.

- NOTE: By comparlng duty of an irrigation system with that of another irrigation system one can have an idea
about the performance of the system. ' '

3.3.1.1 Factors Affecting Duty of Water

33.1.2

332

3.4

34.1

(i) Type of crop (i) Climatic conditions

(i) Method of irrigation (iv) Type of sail

(v) Canal conditions (vi) Time of irrigation and frequency of cultivation.
Types of duty

Duty is mainly of two types:
(i) Flow Duty of water

* Flow duty of water is the duty of water in case of direct flow irrigation.
* ltis usually expressed in hectares per cumecs.

(i) Storage (or Quantity) duty of water

* Storage duty of water is the duty of water in case of tank irrigation (or reservoir irrigation)
° ltisusually expressed in hectare/one million cubic metre of water.

Delta

Delta is the total depth of water in centimeters required by a crop to come to maturity
It is denoted by symbol A

Example : If 5 cumecs of water is required for a crop sown in an area of 5000 hectares.

_ 5000 ha
The duty will be 5cumec = (1000 ha/cumecs)

Crop Period and Base Period

Crop Period

Crop period is the total time period from the instant of sowing of the crop to the instant of harvesting
of the crop.
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342 Base Period

e Base Period is the total time perigd fromthe
watering done before its harvesting.

first watering done for the preparation of land to tpg |

T e ter than base period
.~ NoTE: () Crop periodis greatert s :
(i) Cropperiod andbase period are expressed in days

3.5 Relation between Duty and Delta

8.64xB
A

Where, D = Duty of water on the field (in ha/cumecs)

Duty, D=

A = total depth of water supplied to a crop growing on the
field during entire base period (in meter)
B = Base period of crop (in days)

3.5.1 Derivation

Let there be a crop of base period ‘B’ days. To this crop,
Then,

Volume of water, V'=1x(Bx 24 x 60 x 60)

| = 86400 B cubic meters
Let Vcubic meters of water mature D Ha of land

DHaof land = D x 104 square meters

1 cumec of water is applied for ‘B’ days

4 vV _ 864008 8.648 864

“A Dx10? = T(m meters);

(in centimeters)

3.6 Important Definition Linked with wa
() Command Area (CA) st

ter Requirements of Crops

It is that area which canbe irr
(i) Gross Command Area (GCA)

igated by a cana| system, -

- e ey
(P FFT7TZ LA

Itis the total areg which can be irrigated

/4
by a canal so that unlimited quantity of S A
water is available % 22

Acanalis usually aligneq along the water Agﬁﬁgural
shed between two drainage valleys

In. other words, GCA is the total areg ‘
lying between the drainage boundarieg
which can be IMgated by a cang| System Fig.3.1
urable commang area (CCA)

Itis that portion of GCA thg

tis Culturable or culti
Ivab|
* CCA=GCA- unculturable areas e

(iii) Cult

s e

o e

WWW.madeeasvirihlieai . - T ——
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e Culturable commanded area canbe divided into

(a) Culturable Cultivated area
(b) Culturable uncultivated area (or to be cultivated)
(iv) Intensity of Irrigation
e Intensity of irrigation is the percentage of CCA proposed to be irrigated annually.
e By adding intensities of irrigation for all the crop seasons we obtain the yearly intensity of
irrigations.
« Noirrigation system is designed to irrigate all of its, culturable area every year.
(v) Paleo Irrigation
« Watering done prior to the sowing of crops is called paleo irrigation.
e Paleoirrigation is required for the initial growth of the crop
(vi) Kor Watering
Firstwatering done after the plants have grown a few centimeters high is known as kor watering
e Kordepth and kor period are the terms used for depth of water applied and time period during
this watering.
(vii) Capacity Factor
Average supply discharge of a canal for a certain duration
Maximum discharge capacity of a canal

Capacity Factor =

NOTE: Canal is always designed for a certain maximum discharge. But usually this does not happen.

(viii) Time Factor
Number of days canal has actually run during a watering period
Number of days of watering period

Time factor =

; 'N.OTE: Canal usually does not run on all the days during each watering period due to some unavoidable
_ Circumstances . g q W i
(ix) Crop Ratio

* Crop ratio is the ratio of the area of land irrigated during the two main crop seasons (i.e. Rabi
and Kharif).

* |tis also called Rabi-Kharif ratio.
(x) Outlet Factors

*  Duty of water at the outlet
* Inother words, it is the duty of water at the head of a field channel

. NOTE: Irrigati i i :
bron ;r;iatlﬁn water is sqpplled to the land or fields by field channels (or water courses). Water is supplied
i ' canals through canal outlets to the field channels

(ix) Crop Calerdar

Crop Cglendar is & tool that provides timely information about seeds to promote local crop
production,

[T ——— s
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3.7.1

7 4
~

Ul A, Y

It contains information on planting, sowing and harvesting periods of locally adopteq Crops;
specific agro-ecological zones. i

It provides a solid base for emergency planning of the rehabilitation of the farming s

VStems
after disasters.

Information contained in the calendar is very useful to the planners, agricultural administrg
plant breeders, and farmers in formulating policy matters regarding plant breeding, Crop ado
supplemental irrigation, maximizing the yield etc.

fors,
Ption,

Irrigation Efficiencies

In general,

Water available for use
Water applied during irrigation

Irrigation efficiency =

Various Types of Irrigation Efficiencies

(i) Water Conveyance Efficiency (n,)

Quantity of water delivered to the fields (W)
¢~ Quantity of water diverted into the canal system from the irrigation (W,)

n

It includes losses which occurs in conveyance from point of diversion into canal system to the
fields.

(i) Water Application Efficiency (n,)

Quantity of water stored in the root zone of the plants (W)
Quantity of water diverted to the fields (W)

N, =
Itincludes losses such as runoff from the field and deep percolation.
(iif) Water Use Efficiency (n,)

_ __Quantity of water used beneficially (W,)
“" Quantity of water deliveredto the fields (W)

Itincludes water required for leaching.

(iv) Water Distribution Efficiency (n,)

y
= [1-Z|x100
Tl ( d)x

Where, y = average numerical deviation in depth of water stored
d = average depth of water stored in the root zone during irrigation.

rind
e m,evaluates the degree to which water is uniformly distributed throughout the root zone du
irrigation.

e Hence, itis also called ‘Uniformity coefficient’
e Higher is the value of n, better is the crop response.
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(v) Water Storage Efficiency (n,)

Quantity of water stored in the root zone during irrigation (w,)

Ns = Quantity of water needed to bring the moisture content of the soil to the field capacity (W,)

W, = F.C. — Available moisture in the soil prior to irrigation.
It includes water required for leaching.

7

m A discharge of 150 litre/second was delivered from a canal and 110 litre/

second reached the field. In eight hours, 2.2 Ha of area was irrigated

Following were the other dates:
(a) Run off loss in the field = 445 m3

(b) Depth of water penetration varies linearly from 1.5 m at the head end of the field to 1.1 m at

the tail end
(c) Effective depth of root zone = 1.6 m
(d) Available moisture holding capacity of the soil is 200 mm per meter depth of soil.
Find (i) Water conveyance efficiency (n,)
(ii) Water application efficiency (n,)
(iii) Water storage efficiency (n,)
(iv)Water distribution efficiency (n,)
Note that irrigation was started at a moisture extraction level of 50%

Solution:
W 110
= —x100 =——x100 =73.33%
e = 150 ’
W, 2723
= —=x100=——=x100=86%
a = W, 3168 ’

W, = Water delivered to the field
= (110 x 1073) x (8 x 3600) = 3168 m®
-W, = Water stored in the root zone of the plant by supplied water
= 3168 - 445 = 2723 m3
Water storage efficiency

W, 2723
= — X100 = ——=82.52%
s =, 3300 0%
[ Moisture holding capacity of soil in root zone i

=200< 1.5 = 300 mm
W, =Moisture required in root zone

_ 50 300 a)_ 3
_ --—100x(—1000x2.2x10 )_3300m_
Water distribution efficiency,
y 0.2
=|1-= | 1l-— = 7
n, ( d)xwo (‘1 1.3)X1OO = 84.62%
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Water Logging and Lining of Canal

/

4.1

4.2

4.3

4.4

Water Logging
» Itis a phenomena in which productivity of land gets affected due torise in water table, thus leading

to the flooding of root zone of the plants
e In this process, the productivity of land is affected by rise in water table.

Causes of Water Logging

Main factors causing water logging are as follows:
(i) Inadequate surface drainage (i) Seepage from canal system
(i) Over irrigation of fields (iv) Obstructionofa natural drainage

(v) Destruction of a natural drainage (vi) Inadequate capacity for arterial drainage

Effects of Water Logging

(i) Inhibiting activity of soil bacteria

(i) Fallin soil temperature

(v) Delayin cultivation operations

(vii) Adverse effect on community health.

(i) Decreasein available capillary water
(iv) Risein level of salts in the surface soil
(vi) Growthof wild flora (leading to decrease in crop yield)

Remedial Measures Adopted for Controlling Water Logging

(i) Lining of canal and water courses

(i) Reducing the intensity of irrigation

(i) Optimum use of water

(iv) Provision of intercepting drains along the canal

(v) Provision of an efficient drainage system
method in the best way

......... s - ~mcumuihlications.org l

(vi) By applying the crop rotation
(vii) Depleting ground water storage by pumping
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4.5 Lossesin Canal
[ ]

Losses in Canal comprises of evaporation from water surface and seepage through beq and sig
of the drain.

Loss due to evaporation from a canal system depends on climatic condition of the region
* Loss due to evaporation is not preventable

However, loss due to evaporation is considered insignificant in most of the cases (it is around 1 to 50
Loss due to seepage depends upon various factors

Few of the factors are:

() Position of sub soil water table

(i) Extent of absorbing medium

(i) Design of canal cross section (i.e. depth of water and velocity of water in the canal)
(iv) Conditions of canal system

Losses in canal are measured by “inflow and outflow method”
{This method has been explained in article 3.9.7.3}

Discharge measurement is done at the beginning and end of a long reach of canal for several day
continuously

(Outlets should be completely closed during observation period.)
Seepage loss from canal occurs in two ways:
()  Absorption

(i) Percolation

Absorption: When water table is considerably below the ground level, seeping water is unable to join té

water table and wets the subsoil locally forming a saturated bulb. Hence, an unsaturation zone lies betweent
saturated zone and zone of capillary moisture.

Saturated bulb
Unsaturated zone

Capillary zone

Zone of Saturation

: ) . (
Percolation: When water table is close to the ground level, the seeping water may establisha d'"ecta.n
continuous flow between canal section and water. The zone between the water table and the canal bed remé!

: e
completely saturated. As there is a continuous flow, so seepage loss will depend upon the head differen”
between the full supply level of canal and water table.

4.6 Leaching

. - nela
Leaching is the process of removal of alkali salts dissolved in irrigation water by flooding the
with adequate amount of water,

:
o . _ to?
This is mainly done to remove the alkali salts in the top layer of land for allowing the crops ™.
grown on the land.

e 3

T _raht]
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Canal Irrigation, Sediment Transport and
Canal Design

v/Canal Irrigation

A canal is an artificial channel constructed on ground to carry water from a river or tank or reservoir
for purposes like irrigation, power generation, navigation etc.

* Canaland channel means the same thing.
* Canals are usually having a trapezoidal cross section.

Canals for the purpose of irrigation are usually open channels through earth or rock formation.

o/

NOTE! Irrigation Canals can also be utilized for transportation of goods as well as inland navigation

~5.2

Classification of Irrigation Canals
Irrigation canals can be classified in different ways on the following basis.
() Based on nature of source of supply

Perennial Canals
a) Permanent Canals=—"_ )
(@) ™ Non Perennial Canals

(b) Inundation Canals (or Flood Canals)
(i) Based on function of canals

(@) FeederCanals (b) Carrier Canals

(i) Based on discharge and relative importance in a given network of canals
(@) MainCanals (b) BranchCanals
(c) Major distributary (d) Minor distributary

(e) Water courses or Field channels

(iv) Based on Canal alignment
(a) Ridge Canal (b) Side Slope Canal
(c) Contour Canal

(v) Based on soil through which it is constructed

(@) Alluvial Canals (b) Non Alluvial Canals
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(vi) Based on the lining

\/5.3/ Canal Alignment

53.1 RidgeCanal ——

Main Canal Heavy
(a) Lined Canals (contour canal) . SUtling__

(b) Unlined Canals o) S

A canal should be aligned in such a way
that it covers the entire area proposed to
be irrigated, with shortest possible length

and minimum cost of cross drainage
works.

Main canal while taking off from the river
should mount the watershed or the ridge
in the area at some point in shortest
possible distance.

Alignment of canal should be such that

as f:ar asrpo.ss:.lbl(? a bal'anééd depth of COW > Cross dralnage works
cutting and filling is achieved.

Fig.5.1

Itis alsoicialled watershed canal
Aligned along the ridge or natural watershed line.

-

Canirrigate areas on both sides of the ridge and hence a large area can be brought under cultivation
Cross drainage works are not required.

They are economical

5.3.2 Contour Canal

5.3.3 SideSlopeCanals

Aligned nearly parallel to the contours of the country.
Can irrigate areas only on one side.

Ground level on other side in this type of canal is higher, so it is not necessary to constructa ban
on that side. o2

Cross drainage works are required.

It is aligned roughly at right angles to the contour of the country.
It is neither on the watershed nor in the valley.

It is roughly parallel to the drainage of the country, so cross drainage works are not reqUi'ed'

It can irrigate areas only on one side. < d
. A i ”

It has a very steep bed slope. (Since the direction of the steepest slope of the ground 18 at

angles to the contours of the country)

5.4 Warabandhi Method

e . the far
Warabandhi is an integrated management system from a source (river or reservoir) down t0
gate.

e il
monE FnaYg ‘o copyd”
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Canal Headworks and Seepage Theoq

—__—-—-\

2

- /7( StorageHeadworks

/

/

/

Introduction

Any hydraulic structure which supplies water to the off taking canal is termed as canal headworks
Canal headworks may be classified as:

(i) Storage headworks
(i) Diversion headworks
A\ CCdlocks  CCblocks with ¢ piocks with
a5 g "éml",%“ IG-F-O- over G.F.O. over CC blocks 22
2|[£9] | cobiem nverted filter stone filter Without CC blocks se|l.-
8 with G.F.0. , GFO. WthG.FO. e biocks| A= 2|5
7 Slope 8:1 Slope 8:1 without o 8
/ . ) Curtﬁln Loose stone . GFO. q‘:’ 5’9
Flank =X wa protection
“?arl‘|_/ _GC" H Y Q[pe
.-és?a|a;;"-?;ﬂ:%= st Ll SANIREEN] LI R —]
Hiidth e e B =T T T
Fooior —Jf | Sy AeE—
L < Flow iitint | |Stone Crest Axis of barrage .|:|.,';::: N
Ofr:éankal?g :E::Elil:l: el::ft?é;‘ Roa.d bridg CC blocks CC blocks Crest :I::ii::l::: _Fli-p
il Fish ladder over stone |::||:|::: ofétaankal?g
Road bridge /o] | Divide wall Loose stone i
o 3 protection !
N . s}
Silt w 0. 4
excluding '%f"
Slope tunnals prggggt?on
Pitched
siope 2:1 SFO. Gravel g Openings Pitched Siope 31
slope 2:1 2

Fig.7.1 Typical !ayourofheadwdrks 7

Storage headworks Serves mylt

etc. PUIPOSE fiungyj

i ﬂtrd
ons like hydroelectric power generation, flo0d ¥

(WWW-madeeasvnublications.n‘m
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742 piversion Headworks

« - Weir or barrage is constructed across a perennial river to raise water

/ acanal. level and to divert the water to

y 94 oObjective of Diversion Headworks i
o Raises the water level on the upstream side. ;
» Regulates the supply of water into canals.

.//Controls the entry of silt into the canals.
/. Helps in controlling the fluctuation in the level of supply in the river during different seasons.
22

AL Types of Diversion Headworks

() Temporary diversion headworks
e they are constructed every year after floods
e these are mainly the spurs or bunds

(i) Permanent diversion headworks i
e theseare mainly the weir or barrages !

+ if designed properly, they act as permanent structure

7.2 Location of Headworks |
* Location of canal headworks depends on the stages of flow of river. i '.
* Ariver is divided into four distinct stages - "
() Mountainous stage or torrential stage !

*  River in this stage has very steep bed slope and high velocity
* Inthis stage, river is in the hills
(i) Sub mountainous or boulder stage
*  The sides and bed of the river are composed of boulder and gravel.
*  Thereis strong subsoil flow in the_region.
(i) Trough stage or alluvial stage
* The cross section of the river is made of sand and silt.
* The béd slopes are small and velocities are gentle.
(V) Delta stage '
* Inthis stage, the bed slope an
sediment load.
*  From trough stage, the river passes on to the delta stage
*  Itdrops down the sediment and gets divided into channélon gither si
in the formation of a delta.

d velocity are reduced so much that river is unable to carry its

as it approaches the ocean.
de of the deposit resulting

- : ver is suitable
NOTE For the construction of canal headworks, boulder and the trough stageofthenv S
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7.3 /Components Parts of a Diversion Marginal Bunds
Guideb
Headworks S a"ksF
; . River
() Weirorbarrage fow
(") D.Mde el Silt excluder Divide wall .
(iii) Fish ladder Head regulator~]] . | |—Fish ladde
: = Wei
(iv) Under sluices Offtaking = :, | | —Weirhbaryy,
(v) Canalhead regulation Canal
(Vi) Siltexcluder/Silt ejectors
o . , Under slui
(vii) River training works (Marginal bunds and guide " ers“‘cj -

y
73.1 Weir

banks)
Fig.7.2 Plan view of river-diversion headwork systen

The weir is a solid obstruction constructed across the river to raise its water level and divert the
water into the canal.

Normally, the water level of any perennial river is such that it cannot be diverted to the irrigation
canal. The bed level of the canal may be higher than the water level existing in the river.
Adjustable shutters are usually provided on the crest but only small part of ponding is carried out by
shutter.

Main part of ponding of water is achieved through raised crest.

Weirs are usually aligned at right angles to the flow direction of river.

_ 7.,3.2 Classification of Weir
7.3.2.1 Based on the criteria of the design of their floors

(@)

Gravity weir (b) Non gravity weir

(a) Gravity weir: Weir in which uplift pressure due to the séepage of water below the floor is entirely

resisted by the weight of the floor.

(b) Non gravity weir: Weir in which floor thickness is kept relatively less and the uplift pressure i

largely resisted by the bending action of the reinforced concrete floor.

7.3.2.2 Based on the material and design features, gravity weir can further be subdivided into the following:

(a)
(a)

Vertical drop weir, (b) Sloping weir of concrete or masonry, (c) Parabolic weir

Vertical drop weir

Pond level
-— / Crest shutter

Weir wall

Inverted filter
v— Block protection ; f

Launching
apron

Launching )
Apron U/S Pile DIS pile

Fig. 7.3 Vertical Drop Weir I\
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73.3 Barrage

e When the water level on the upstream side of the weir is required to be raised to different levelg
different times, barrage is constructed. :
e Abarrage provides better control on the water level in the river but it is quite costly.

e Inabarrage, a larger part of ponding is provided by the adjustable gates.

7.3.4 Undersluices

e Undersluices are the openings provided at the base of the weir or barrage. These opening g
provided with adjustable gates. Normally the gates are closed.

Working of the undersluices:
e The suspended silt goes on depositing in the front of the canal head regulator (as the gates are
closed).
e When the silt deposition becomes appreciable, the gates are opened and the deposited silis
loosened with an agitator mounting on a boat. _
° Muddy water flows towards the downstream through the scouring sluices.
e  The gates are then closed. But at the period of floods the gates are kept opened.
Function of the undersluices:
() They preserve aclear and well defined river channel towards the canal head regulator.
(i) They scour the silt deposited on  the river bed in the pocket'upéltream of the canal head

regulator. - %
(i) They pass low floods without the necessity of dropping shutters of the weir.

7.3.5 DivideWall v

Divide wall is a long masonry or concrete wall constructed at right angles to the axis of the wel
separate the undersluices from the rest of the weir.

On the upstream side, the wall is extended ju‘vst to cover the canal head regulator and on the
downstream side, it is extended upto the launching apron. s

e  The top width of the divide wall is about 1.5 to 2.5m.

rto
®

Function of Divide Wall: -
(i) Itcontrols the eddy current or Cross current in front of the canal head.

(i) It forms a still water pocket in front of the canal head so that the suspended silt can sett
scoured later through scouring sluices from time to time.

(iii) It providesa straight approach in front of the canal head.

(iv) ltresiststhe overturning effect on the weir or barrage caused by the pressure of the imp

g and

water.

7.3.6 Fish Ladder

e The fish ladder is provided just by the side of the divide wa

Fish has a tendency to move from upstream part of the river to the downstr
search of warmth and from downstream part to upstream in monsoons forcl

i S-
Il for the free movement of flshe A
eam part in Winte"

®
earer water.

SN
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This movement gets obstructed due to

construction of weirs and barrages. So,
this leads to a danger of survival for fishes.
Fish Ladder is a device by which flow
energy can be dissipated in such a
manner so as to provide a smooth flow at
a low velocity of around 3.0t0 3.5 m/s.

various types of fish ladders are:

() Pooltype

(i) Steep channel type

(i) Fishlock type

To check the flow velocity, baffles and
other staggering devices are provided.

737 SiltRegulation Works

Weir portion

Divide wall

BN

|| &

N

Under sluice portion

Fig.7.6 Typical plan of afish ladder

The entry of silt into a canal which takes off from headworks can be reduced by constructing certain
special works (or devices) called silt control works.

Silt control works are also called silt control devices.

Silt regulation works may be classified into two types.

(i)  SiltExcluders
if St Ejectors (or silt extractors)

(i)/ Silt Excluders:

Silt excluders are those works which are constructed on the bed of the river, upstream of the

head regulator. The clearer water enters the head regulator and silted water enters the silt

excluder.

floor of undersluice pocket.

Weir axis
> A

t ~

Excluder width, B,

+ wall thickness

o
-
-
-
e

ST AR

Plan

v Pond level

Tunnel depth =—Undersluice gate
nel de — i
P4 | \@s of undersluice
Pond level Section through a tunnel
— Crest of head regulator
~ S
Section A-A '
[ Fig.7.7 Typical layout of a sedi
e~ 7.7 Typ ayout of a sediment excluder
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(i) Silt ejectors or extractors:

e Silt ejectors are those devices w.hich extralcit the
has travelled a certain distance In the offtake C | |
These works are constructed on the bed of the canal and a little distance downstream fon

head regulator.

anal.

silt from the canal water after the gjjq q

Wty

the

e Siltejectors consists of horizontal diaphragm slab a little above the canal bed (which SePary

out the bottom layer)

e  Underthe diaphragm slab, there are tunnels to eject the heavily laden silt bottom water intog

escape channel.

*  The ejectors consists of a diaphragm, tunnels, control structure and an escape channg| (or

outfall channel)

i Main canal ~ Edge of i
' —Splay__ 1 diaphragm Origin of | !
! Transition for wider ellipse o
= v ch channel . —HA——
g* i ipp ri = -Axis /D'aph’ag
el TX'A“;‘ O ] e S
«——————Canal bed —> SH Rl | K]
: Approach " L
v T channel Y-Axis oyt s
Edge of 1 Pier nose . i<
\_diaphragm: Enlarged detail at A v Ed
T T v Sl
LAY PR TR AN v Y R =] prte)
\\\\\Q\ \\\:\_\\\‘ ‘:\5\\\\ \‘:\.\\\\ N — r/—l : %
RN RS i O
X * RN S —— : (a] E
P 'l: = X LN
~~~~~ ]
' ]
: i :
31
By :
[TH "
ey
I . .
Plan at dua;;:ll'fgm ITVTI | ’;25: Emergency gate
su eve 7 [ .
S e AL I Min. head 1 m
i 4~ Diaphragm |
] : ’ 1 H
Tunnels
. Regulati
Section x-x g ng gate
Fig.7

Efficiency of silt excluder and ejectors
Efficiency, |

-8 Typical layout of g sediment ejector

Tunnels-J
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k Return Wall ]
' D/S Wing Wall Slope
Pitching
= 111
? D/S Glacis Cistern ™~
_, Deflector pa
u(O_ Wall
111
U/S Wing Wall
| ]
Fig.6.7

* The glacis type of falls utilizes the standing wave phenomenon for dissipation of energy
* The glacis type of falls are mainly of two types

(i) Straight glacis type

(i)  Parabolic glacis type (Montague type falls)

* Inglis fall: A straight glacis fall when added with a baffle platform and a baffle wall. In this cas
formation of hydraulic jump takes place on the bafile platform.

6.4 Canal Regulators

* Acanal obtain its share of water from the pool behind a barrage

through a structure called the canal head regulator.

* Acanal head regulator is located just upstream of barrage

* Canal regulators include the cross regulator and the distributary
head regulator structures for controlling the flow through a parent

canal and its off taking distributary

* Canalhead regulator helps to maintain the water level in the canal

on the upstream of the regulation.

6.4.1 Purpose of Providing a Canal Head Regulator

() toregulate the discharge flowing in the off taking channel.
(i) to control the entry of sediment into the channel.

Head
regulator

-~

Fig.6.8

1

NOTE: The best alignment of off take is when the off take channel makes zero angle with the pare

and then separates out along transition curves.
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cross Re
Head Regulators

Cross regulator and distributary head
regulator areé provided to regulate the
supplies of the parent channel and off
taking channel respectively.

A cross regulator is provided on the
main canal (or the parent canal) at the
downstream of the off take to head up
the water level and enable the off taking ; Canal Drop or Fall
channel to draw the required supply.

. Adistributary head regulator is provided
at the head of the off taking channel (or Fig.6.9 Canalstructures for flow regulationand control
distributary) to control the supplies

entering the off taking channel.

gulator and Distributary
642

Functions of Cross regulator:

() Effective regulation of the whole canal system.

(i) Helps to feed the off taking channels by raising the water level of the upstream during the
periods of low discharges in the parent channel.

(i) Helps in closing the supply to the downstream of the parent channel for the purposes of repairs
etc.

(iv) Helps in absorbing fluctuations in various section of the canal system and in preventing the
possibilities of breaches in the tail reaches.

(v) Facilitates communication works (like bridges)

(vi) Help to control discharge at an outfall of canal into another canal of lake.

Functions of distributary head regulator:
() Regulates the supplies to the off taking channel from the parent channel.
(i) Serve as a meter for measuring the discharge entering into the offtaking canal.
(i) Regulates the entry of silt in the offtaking channel.
(iv) Shuts off the supply when it is not needed in the off taking channel or when th
channel is required to be closed for repairs.

e off taking

6.
5 Canal Escapes

C i e
anal escapes are structure constructed on an irrigation canal for the purpose of rele
Water from a canal

asing €xcess

Funct;
nc'tlons of canal escapes:
| i .
() Provides protection to the canal against damage due to excess supplies

i : . i osited in
(i E]mptynng the canal for repairs and maintenance and removing @ partof sediment depost
€ canal
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T (b) Section of a pitched island

Fig.8.14

o Pitchedisland gradually draw the main river current towards itself, thus, relieving attack on marginal
bunds, guide banks, river bends etc.

8.6 Cross Drainage Works

Tributaries

» Across drainage work is a structure carrying the
discharge of a natural stream across a canal
intercepting the stream.

* Aligning a canal on watershed is necessary so
that water from canal can flow by gravity to fields
on both sides of the canal.

When a canal is to be taken to the watershed, it
Crosses a no. of natural streams in the distance
between the reservoir to the watershed.

Across drainage work is a costly item so it should
be avoided wherever possible by

() Diverting one stream into another

(i) Changing the alignment of the canal so that it
Crosses below the junction of two stream

River

Tributaries

OBDEF — Watershed
ABDF — Canal alignment

Fig.8.15
TYPes of CD Works
Thecp
A o Works can be classified under three broad categories:
. g canal over the drainage

In thi .
. this type of arrangement, canal is carried over the natural drain.
Canalis aboye the
* D

D works carryin

ground and hence is open to inspection.
aMage done by floods is rare.
Canal water i t

T aken across the drain in a trough supported on rivers.

canal ent s constructed when the drain is very big in comparison to the section of the

Structure that fall un
(i) AQuedyct

(i) s
: Yph
7 ht

der this category are:
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SRRty

_1__ Road EsL  []

_ﬁ/ ] \_
[~— Bank HFL {11 - N ||

(i) Aqueduct

HFL of the drain is much below the bottom of the canal.
So, the drainage water flows freely under gravity.

Canal

Drain x
—_—
Canal

Connections ——
" Drain
(a) Plan of crossing (b) Aqueduct
Road ] F.S.L [—
HFL ' Zr
D;in i

TR S S K TOR R e s R R e
SRR e R A

(c) Syphon aqueduct

Fig.8.16

(ii) Syphon Aqueduct

HFL of the drain is much higher above the canal bed (on canal bottom)
Water runs under syphonic action through the aqueduct barrels.
Water surface level of the flood is depressed when it passes under the canal trough

Bed of the drain is also lowered.

CD works carrying drainage over the canal
In this type of arrangement, drainage is carried over the canal. and
he ¢

[ ]
e Major advantage s that the CD works are less liable to damage than the earthwork oft o8
e  Major disadvantage is that the perennial canal is not open to inspection or maintenan®
these are not easily accessible,
e Structure that falls under this category are:
(i) Super passage
(i) Canalsyphon -
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7 guper passage .
(i) 7 psL(full supply level) of canal is lower than the underside of the stream trough.
Canal water runs under gravity.

) Canal syphon _

, FsLofthe canal is much above the bed level of the drainage trough.

, Canalruns under syphonic action under the stream trough.
Canal bed is lowered and a ramp is provided at the exit to minimize trouble of silting.
For siphoning small discharges, precast RCC pipes are adopted.
. Forsiphoning higher discharges, horse shoe shaped rectangular or circular barrels are adopted. i

(i

\ Drlain J —

)
-
m
r
T S T B )

P A EAT ARV
Fraiatiaddg

(a) Crossing (plan)

— — e = - - B A e —

SCRGRRIRA 0 it e depwe ooy ATer TOME SRR SR ERS KFS o 1
RSP PR TR T BRI Kot M2k Dol ol R

(c) Syphon

Fig.8.17

C
- COw .
o orlfs admitting the drainage water into the canal |
N thistype of work, canal water and drainage water are permitted to intermingle Wi

Thi i
. IS has a low initial cost.

th each other.

d stream (carrying

he : i
Y are usually provided when a large sized canal crosses @ large siz€ hibitory

e ar i H i
(.. 9¢ discharge during high floods) and when siphoning of either of the two is P10
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e Structures falling under this category are:
() Levelcrossing, (i) Inletsand outlets

Drainage
_cr =
Canal Crest ] Canal
™ Cross Bank Pitching
] Regulator
T
Regulator
Drainage
(a) Level Crossing (b) Inlet

Fig.8.18

(i) Level crossing 7
*  Canal and stream meet each other at practically the same level.

° Siphoning is prohibited mainly based on two considerations
(@) economy

(b) non permissibility of head loss through siphon barrels

In this type of work, drainage water is passed into the canal and then taken out of the opposite
bank.

(ii) Inlets and Outlets

Canal inlet is constructed when drainage flow is small and its water may be absorbed intothe
canal without causing appreciable rise.

In this case, it is made sure that river should be relatively silt free.

Inlet is a structure consisting of an opening in canal bank, suitably protected to admit upland
stream water into the canal.

_*  Inlets do not have aregulator and hence the stream bed should be higher than canal Fst(
e If the stream taken into the canal by inlet is apprecnab[e in quantity, |t is allowed to flow?
_ atasuitable site downstream of the inlet.

Ml

e Outlet are constructed, if the canal is small.
» Additional discharge entering into the canal is allowed to flow out through outlet.

_——-—/

NOTE: () Outletis generally combined with other structures or are not prowded
(i) In general, there may be one outlet for two to three inlets. :
Factors which affect the selection of the suitable type of cross drainage work are:

(i) Relative bed level and water levels of the canal and the drainage.

(“) Stze of the canal and the dralnage :

\.

NOTE

T
..-\/‘
—TET N taRty

|

cn s e e P PN Bt IO D e moen e
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Dams, Spillways,
Energy Dissipation and Spillway Gate

\

9.1 Dams and its Classification

9.1.1 Dams

Dam is a hydraulic structure constructed across a rive

rin order to store water on its upstream side
or divert water from river.

Dam is an impervious or fairly impervious barrier

put across a natural stream so that a reservoir is
formed.

This stored water is utilized when it is needed for various purposes.

Due to construction of dam, a large area may get submer
Dams are constructed mainly for irrigation or wate
other conveyances systems to the place of use,

ged on the upstream side.

I POwer generation, diverting water into canals or
acting as a flood controlled reservoir.

Basis of Clas_sification

Type

(a) Classification according to use (i) Storage dam

(b) Classification by hydraulic design | (i) Overflow dam

(c) Classification by materials (i) Rigid dams

Common Examples

'Gravity dam, Earth dam, Rockfill dam, Arch dam
Weir, Barrage

Dike, Debris dam

(ii) Diversion dam
(iii) Detention dam

Spillway

(i) Non overflow dam Gravity dam, Earth dams, Rockfill dam

Gravity dam, Arch dam, Buttress dam, Steel dam

(i) Non rigid dams

Earth dam, Rockfil| dam __,J
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ugN BUNDS AND DS

gAR o4, What are the structural failures in a earth dam ?
Q. 7%

failure are as under:
‘lure of upstream and downstream slopes.

(if) Due 1O sliding of foundation.
(jif) Failure by spreading. |
;v Failure due to flow slide : Due to presence of loose sand or silt
; in the dam it collapses.

(v) Due to uneven settlement of foundation.

(vi) Failure due to damage caused by burroughing animals.

(vii) Failures caused due to earthquakes.
(viii) Failure due to damage caused by water soluble materials in the

water.

Q. 705. Describe methods of Improvements of a dam ?
Ans. Following are the methods of improvcmcnts of a dam:

(/) Embankment should be made safe against overtopping by
providing sufficient spillway. -

(i) A sufficient free board should be provided.

(iii) Design of dam should be such that seepage flow is controlled.

(iv) Pervious materials may not be used in the construction.

(v) U7S and D/S slopes should be properly designed and protected.

(vi) DIS slope should be strong enough to resist gullying due to
rains,

(vii) UIS slope should be protected against wave and toe erosions.

g (viif) l:rcl)per blending of soil to be done to provide uniform bearing
‘!‘ alue,

\
)
;

; (zx) Proper stabilising of the soil should be done.
| *) Compaction should be done properly.
! (xi) By ‘Providing and im

(xii : proving the drainage facility:
') By providing high b

9 ank and thus avoiding moisture variations.
i 2 : 706. what iS a snlid Cravitey Nans 9 .
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/ﬁ| TEarth dams are made of locally available soils and
0

gravels and hence are most common
L_, types of dams used upto moderate heights. L .
(i) Arockfill damis an embankment which uses variable sizes of rock to provide stability and
: impervious membranes to provide water tightness. : )
- (ifi) Earth and rockfill dams cannot be used as overflow dams

. 80, separate spillways has to
be provided. i : 7

6.2 selection of Site for Dam

921 Factors governing selection of type of dam

() Topography

(i) Geology and foundation conditions
(i) Materials of construction

(iv) Spillway size and location

(v) Lengthand height of dam

(vi) Life of a dam

922 Requirement of good site for construction of dams

() Suitable foundation should be available at the dam site.

(i) Length of dam should be as small as possible from economic point of view and for a given height it
should store a large volume of water.

(ii) River cross-section at the dam site should preferably be narrow to reduce the length of the dam.
However it should open out upstream to provide a large basin for reservorr.

(v) Major portion of the dam should be on a high ground (reduces cost and facilitates drainage)

V) A suitable site for spillway should be available in the vicinity of the dam.

V) Bulk of construction materials should be available at or near the dam site.

(vii)

Value of property and land submerged in the reservoir created by the proposed dam should be low.
(\./m) Reservoirs should not get frequently silted.
) 1tis preferable to select a site which is connected by road or rail.
: OTE: : (') s In case of earth or rockfill dam, spillway is located separately from the dam.
)" In case of gravity dam, spillway may be located at the middle of the dam.

9.3
Gra"ity Dams

Slravity dam is a masonry structure which increases stability against all applied loads by its weight
one (without depending on arch or beam action)

GraV'lty dam is a permanent type of dam.
Gravity dam ig mostly

Low dams: Dams upt
Moderate height da

straight in plan and approximately triangular in cross-section.
0 100 ft. (30.48 m) in height.

m: Dams of heights between 100 ft. (30.48 m) and 300 ft. (91.44 m)
. High damg;

R Co s Dams higher than 300 ft. (91.44 m)

N Pyrighy R O
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(i) Overturning

* Ifresultantof all the force acting on a dam at any of its sections cuts the b:se oé t?sedtzm downstream
of the toe (i.e., outside the body of dam), the dam shall rotate and overturn €.

*  On the other hand, if the resultant cuts the base within the body of the dam, there will be nq
overturning.

*  For stability requirements, dam should be safe against overturning.

= restoring moment @ toe (anticlockwise) — ZMg
FOS (against overturning) = = overturning moment @ toe (clockwise) ~ ZM,

* FOS against overturning should not be less than 1.5.
(i)  Sliding

A dam will fail in sliding at its base or at any other level, if the horizontal forces causing sliding are
more than the resistance developed at that level.

* Theresistance against sliding may be
(a) due to friction alone
(b) friction and shear strength of the joint
* FOSagainst sliding (shear strength not taken into account)
v
FSS = %_,—
where, L = coefficient of friction (varies from 0.65 to 0.75)
XV = net vertical forces :
XH = sum of horizontal forces causing sliding
FOS against sliding (shear strength taken into account)
SFF = %2& » (for unit length of dam)
where, g = average cohesion or shear strength of the joint
b = width of the joint :
SFF = shear friction factor

Horizontal
joints

External forces
—— ~YH

v

1
; ; Hee R
' uZV:Déveloped friction // PAia

Fig.9.3

Tail wate;
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cgheal =t o dams, itis duetoi e o TTVTSSHAWO Interfaces bar

g (gssion O crushing
0 1 £2il in compression or crushin - i
f 5 dam will fail t:) . j g b}l tr?e failure of jtg Mmaterial i.e., maxi
' (165585 produced should exceed the permissible compressive Stresse; IMum compressive
ertical direct stress distribution at the base is given by following equation
TV 14 Ge
Pmax/min. = B ——5
where, €= eccentricity of the resultant force from the centre of the dam
sV = total vertical force
B = base width
, P =direct stress + bending stress
Resultant
pAZ force
Y
Heel -
MR
—82—<—gi2
if +ve _L
/ ;I; p,
.7 Compf max +ve
”I i - 4 |
if —ve Tension \I ]:p"""
. Fig.9.4
g Maximun stress i : , b he resultant
Tension Sie., p, . will be provided at the end which is nearer to the f :

M
d:S‘Onry and co

I

Ncrete gravity dam are not able to withstand tensile stresses. Hence, they are
Ay 1o avoid tension anywhere in the structure.
dtension anywhere in the structure, p,,;, should be zero.

TV ’ 6e '
Prin = —B—' "'g .
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Aspilway is a water W
remote from the dam) f

ay provided in a dam (either through the dam, above the dam or somewhere

or carrying the surplus flood water from a reservoir safely to a downstream river.

s = T 2 N
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® Spillway acts as a safety valve of the dam (as many failures cOinc)jam have been causeq by the
- improperly designed spillways or spillways of lnSUﬁ"C'ent Gapashy). 2 .
* Spillway can be constructed either as part of the main dam such as in overflow section of 5 dam,
as a separate structure altogether. T |
Sufficient capacity of spillway is of paramount importance especially in earth and rockij damg
where overtopping may be very dangerous.

*  Aspillway must have the capacity to discharge major flood without damage to.the dam <?r any appurtenan; -
structures, at the same time keeping the reservoir below some predetermined maximum leve|,

* Designflood discharge required to be passed over the spillway can be determined by flood routing,

9.8.1 Essential requirement of spillway
()  Must have sufficient capacity.
(i) Mustbe hydraulically and structurally adequate.
(iii) Must be so located that it provides safe disposal of water.
(iv) Bonding surfaces of the spillway must be erosion resistant to avoid scouring actions.
(v) Energy dissipating devices are required on the downstream side.

9.8.2 Typesofspillway

() Based on their utility, spillway can be of following types:
() Mainspilway (i) Emergency spillway
(i) Mainspillway : :

e Main spillway i‘s'the first to come into operation.

* Itis designed to pass entire design flood of a spiilway.

* ltis also known by another name “service spillway”.
(i) Emergency spillway; v ‘

i “
W L £ SV _Emergency

“spillway

=3
3
[ 4]
<
Main river <—

Fig.9.8

S ~ Itis provided in addition to the main spillway ang i
~* . Some of the emergency situations may pe
(@  enforced shutdown of the outlet works

tcomes into operation only during emergency-

R
MADE ERSsy
swaamsawmiemnan f et e Uirg
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=94 Spillyqy Gates
’d b) malfunctioning of spillway gates

149
(¢) ~osccurrence of flood greater than design floog |
@ emergen.cy S?lflewzj are provid'ed for earth Or rockfij; dams g
W) BZTSJ’SSzgf?éﬁzrforfmws;  Pereng o varioys ¢ "PONENt of Spillyay, 1 spil
5‘ straight drop spillway (free overfa)| spillway) i

i ogee spillway (overflow spillway)
(i) side channel spillway

(v) chutespillway (open channel or trough spillway)
() shaftspillway (morning glory spillway)
(i) siphonspillway
) Straight drop Spillway
» Itisthe simplesttype of spillway, constructed inthe form of 4 low hej '
eigh i
face vertical or nearly vertical. Sntweir having downstream
«  Water flowing over the crest of this spillway dropsasafree|
: [t clearly away from th d
face of the spillway. d ® downstream
The underside of the falling nappe is ventilated sufficiently to prevent a pulsating, fluctuating
jet.
Occasionally, the crest is extended in the formof an overhanging lip to direct the small discharge
away from the face of the overfal| section.
If artificial protection is not provided on the downs

tream side of the overfall section, the falling
jet will cause the scouring of the stream bed and

will form a deep plunge pool.
This type of spillway is most commonly used for low earth dam (or earthen bunds)

This type of spillway is not suitable for high drops on yielding foundations.

Itis used where hydraulic drops from head pool to tail water are not in excess of about 6 m.

(@) Spi i
) Spillway Without D/S protection

; ; otection work
(b) Spillway with overhanging lip  (c) Spillway with D/S pr

Fig.9.9

i : ity dam.
This is the most common type of spillway provided on gravity
L I . '
The profilg of the spillway is 'S’ shaped. 4 orofle of the spilay 0 that the
. Overﬂowing wéter is guided smoothly over the cr9§‘tl \jgy Sgrface.
°Vefﬂowing watsf doss ot break contact With 12 S-p | aration and cavitation may occur.
this is not assumed, a vacuum may form atthe point of s€p
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