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AND
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Text Books:
1. Irrigation Engineering and Hydraulic Structures. S K Garg
2. Irrigation and Water Power Engineering. B C Punmia, Pande B B Lal,

Ashok Kumar Jain and Arun Kumar Jain
3. Irrigation Engineering. Gurucharan Singh
4. Theory and Design of Irrigation Structures Volume I and II. R S Varshney, S

C Gupta and R L Gupta

Internal Evaluation: 20 Marks
i) Class Attendance – 2 Marks
ii) Assignment/Tutorial - 5 Marks
iii)Field Visit - 3 Marks

a. Attendance – 1 Mark
b. Report Submission – 2 Marks

iv) Written Examination – 10 Marks
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INTRODUCTIONINTRODUCTION

Introduction
•Three basic requirements of agricultural production are soil, seed, and
water.
• In addition, fertilizers, insecticides, sunshine, suitable atmospheric
temperature, and human labour are also needed.
•Of all these, water is most important
requirement of agricultural production.
•The moisture available in the root-zone
soil, either from rain or from
underground water
•Deficiency of moisture may be either
for the entire crop season or for only part
of the crop season reduces for optimum
plant growth
• Therefore, it becomes necessary to
make up the deficiency by adding water
to the root-zone soil.
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Irrigation:

 Artificial application of water to the soil for raising crops
 Science which pertains to the planning, designing,

controlling and maintenance of irrigation works so that
available water resources may be used in the best manner

 Irrigation projects are sanctioned on the basis of benefit
cost ratio (BCR); BCR>1.5

Objectives of Irrigation:
 To supply water partially or totally for crop need
 To cool both the soil and the plant
 To leach excess salts
 To improve groundwater storage
 To facilitate continuous cropping
 To enhance fertilizer application

Purposes of Irrigation:
 Providing insurance against short duration droughts
 Reducing the hazard of frost (increase the temperature of the plant)
 Reducing the temperature during hot spells
 Washing or diluting salts in the soil softening tillage pans and clods
 Promoting the function of some micro organisms
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 Development of agriculture in the desert areas: in the desert, area
where the rainfall is very scanty, irrigation is required for the
development of agriculture.

 Uneven distribution of rainfall: when the rainfall is not evenly
distributed during the crop period or throughout the cultivable area,
the irrigation is extremely necessary.

 Improvement of perennial crops yield: some crops such as sugarcane
etc. require water through out the major parts of the year but the
rainfall fulfills the demand during the rainy season only. Therefore,
for remaining part of the year irrigation is necessary.

 Insurance of drought: irrigation may not required during the normal
rainfall condition and can be necessary during drought

Necessity of Irrigation:
 Insufficient rainfall: when the seasonal rainfall is less than the

minimum requirement for the satisfactory growth of crops, the
irrigation system is essential.

 Dissolves chemicals, manures and renders them plant growth; thus
water acts as a nutrient carrier.

Function of Irrigation:

 Supplies moisture to the soil which is essential for the life of bacteria
which are beneficial to plant growth.

 Supplies moisture which is essential for the metabolism within the
plant leading to plant growth.

 Reduces the concentration of the harmful salts in the soil.
 Saves plants from harmful effects of frost during intensive cold.
 Lowers the temperature of the soil and atmosphere during summer;

thus creating a healthy environment for plant growth.
 Softens the tillage pans.
 Helps in bringing up ground water table (GWT).
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 Increase of food production
Advantages or Benefits:
 Protection against famine
 Modify soil or climate environment
 Increase income and national cash flow
 Increase labor employment
 Increase standard of living
 Increase value of land
 Inland navigation in large canals
 Improve communication
 Domestic and industrial water supply
 Improve ground water storage

 Generation of hydro-electric power with multi-purpose project or
from canal fall

 Plantation of canal banks
 Mixed cropping is eliminated, which is generally not accepted

Disadvantages or Ill-effects:
 High initial cost
 Water logging and water pollution problem
 Damp and cold climate
 Salinity and alkalinity of land
 Ill aeration of soil
 Loss of valuable lands
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Status of Irrigation Development in Nepal:
 Before 1922, operated and maintained by farmers called Farmers

Managed Irrigation System (FMIS)
 From 1922 to 1957, Government made little effort (Chandra Nahar,

Juddha Nahar, Jagadispur Jalasraya (Banganga), Phewa Bhadh)
 Irrigation infrastructure development has got high priority since 1957
 The minor irrigation program was introduced in the second three-

year development plan 1962-1965 to provide low-cost-irrigation
facilities

 The Third Plan Period (1966-1970) saw the countrywide
implementation of the minor irrigation program

 The government investment in irrigation development – especially in
the large-scale irrigation systems in the Terai increased tremendously
from 1970 onwards

Status of Irrigation Development in Nepal:

 Improved management of government-operated irrigation systems
from 1985 onwards; implementation of a number of management-
oriented projects in 1985-1989: the United States Agency for
International Development (USAID)-funded Irrigation Management
Project (IMP) in 1985, the Irrigation Line of Credit (ILC) in 1988
financed by the World Bank, the irrigation Sector Project (ISP) in
1988 financed by the ADB, and the Irrigation Sector Support Project
(ISSP) in 1989 under the co-financing of the UNDP, the World Bank
and the Asian Development Bank (ADB)

 Until the middle of 1980s, irrigation development by the government
focused largely on the construction of physical infrastructure of
canals and structures rather than effective management of the
completed systems

 Introduction of the Basic Needs Program (BNP) in 1987, the working
Policy on Irrigation Development for the fulfillment of ‘Basic Needs’
was formulated in the early 1989
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Status of Irrigation Development in Nepal:

 Irrigation Regulations gave water users, for the first time, a legal
mandate to form water users’ associations in accordance with the
1976 Association Registration Act

 Promulgation of the Irrigation Regulations (IR) in April 1989:
emphasis on the greater collaboration with water users in all phases
of irrigation projects – planning, construction, operation and
maintenance

 In 1989, the participatory management of large irrigation systems
were formulated

 Promulgation of Water Resources Act and Irrigation Policy in 1992
with the clear vision of irrigation development; this policy was
amended in 1997 and now Irrigation Policy 2004 is in practice

 Irrigation Master Plan 1990, Agriculture Perspective Plan 1995,
Water Resources Strategy 2002 and National Water Plan 2005 are
other few documents which guide irrigation development in Nepal

Status of Irrigation Development in Nepal:
 At present, DoI is involved in the development of many irrigation

projects (Sikta, Ranijamara Kulariya, Mahakali III, Babai, IWRMP,
CMIASP and MIP are few examples of major activities in the
implementation)

 DoI is equally responsible for development of new irrigation projects
and O&M of developed schemes

 For the last couple of years, DoI has been working with marginalized
farmers in remote areas under the program of Non-conventional
Irrigation Technology Project (NITP)

 DoI has given high priority to IWRM principles while planning and
developing new projects

 DoI has realized the importance of year round irrigation, and
underway to start multipurpose inter basin water transfer project
(Bheri Babai diverion project is the first one to be implemented)
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Need of Irrigation Development in Nepal:
 Agriculture is Nepal’s primary economic sector, with about 80% of

the population dependent upon it
 Agricultural growth is essential for attaining broad-based growth and

improving the livelihoods of most Nepalese
 Agriculture in Nepal depends largely on monsoon rains from June to

September (75% of annual rainfall occurs), and regulated and
controlled irrigation is therefore critical to improving agricultural
productivity

 Total area of Nepal = 14.7 million hectare; 2.6 million hectare area is
arable and 1.8 million hectare land is irrigable; 76% of potential
irrigable area lies in the Terai Region; the remaining 0.40 million
hectare is in river valleys, upland valleys, and terraces on hills and
mountains

Need of Irrigation Development in Nepal:
 70% of the command areas of surface water irrigation infrastructure

is actually irrigated, with only 38% of irrigated land irrigated year
round

 The incidence of poverty in irrigated areas is half that in rain-fed
areas and that access to irrigation water mitigates poverty

 Once irrigation is available, for low-income households, higher
production will increase household food security and cash incomes
through the sale of small quantities of cash crops
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Crops, their seasons and periods (Cropping
pattern & intensity)
Principal crop seasons:

1. Kharif (Mansoon/Summer) and 2. Rabi (Winter)
1. Kharif
 Starts on 1st April and ends on 30th September
 The principal crops of these seasons are paddy, millet, cotton,

groundnut, etc.
2. Rabi
 Starts on 1st October and ends on 31st March
 The principal crops of these seasons are barley, wheat, peas, gram,

oilseeds, etc.
Note:
 Sugarcane covers both seasons
 Cotton eight months crop
 Kharif and Rabi seasons dates are not rigid; may vary up to 1-3

months on either sides

Crops, their seasons and periods (Cropping
pattern & intensity)
Crop classifications:
1. Agricultural classification:

i) Field crops – wheat, rice, maize, barley, gram, pulses, potato, etc.
ii) Plantation crops – tea, coffee, rubber, coconut, etc.
iii) Commercial crops – oilseed, mustard, groundnut, sugarcane,

sesame, cotton, tobacco, hemp, etc.
iv) Horticulture crops – fruit crops, vegetables
v) Forage crops and Grass fodder
vi) Miscellaneous crops – silk, medicinal crops, etc.

2. Classification based on irrigation requirement:
i) Wet crops – irrigation water requires
ii) Dry crops – irrigation water does not require
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Crops, their seasons and periods (Cropping
pattern & intensity)
Crop classifications:
3. Classification based on crop seasons:

i) Kharif crops – rice, maize, cotton, millet, etc.
ii) Rabi crops – wheat, barley, gram, peas, potato, tobacco, mustard, etc.
iii) Perennial crops – sugarcane, fruits, some vegetables, etc.

4. Classification based on consumption of foods:
i) Food crops – rice, maize, wheat, barley, etc.
ii) Cash crops – sugarcane, tobacco, hemp, tea, cotton, etc.

Cropping pattern:
The crop planting sequences practiced in an area is termed as cropping
pattern. It changes over space and time.
The cropping pattern depends mainly following factors: i) availability of
water, ii) type of soil, iii) climatic condition, iv) value of crops, and v)
socio – economic condition.
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Crop Rotation:
Crop rotation is the systematic planting of different crops in a particular
order over several years in the same growing space.
Necessity:
 To obtain the effect of fallow land
 To help to battle against the forces of erosion
 To check the crop diseases and insect pests
 To increase nitrogen content (if leguminous crop introduced)
 To get better utilization of soil

Crops, their seasons and periods (Cropping
pattern & intensity)
Cropping intensity:
Cropping intensity is the ratio between total cultivation areas to the total
command area within a year.
It is the ratio of net area sown to the total cropped area.
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Crops, their seasons and periods (Cropping
pattern & intensity)
Crop Development Stages:
The total growing period is divided into four growth stages.
1. Initial stage: This is the period from sowing or transplanting until the
crop covers about 10% of the ground.
2. Crop development stage: This period starts at the end of the initial
stage and lasts until the full ground cover has been reached (ground
cover 70-80%); it does not necessarily mean that the crop is at its
maximum height.
3. Mid-season stage: This period starts at the end of the crop
development stage and lasts until maturity; it includes flowering and
grain-setting.
4. Late season stage: This period starts at the end of the mid season
stage and lasts until the last day of the harvest; it includes ripening.

Crops, their seasons and periods (Cropping
pattern & intensity)



5/2/2019

13

Crops, their seasons and periods (Cropping
pattern & intensity)

Gross command area (GCA):
The total area lying between drainage boundaries which can be
commanded or irrigated by a canal system. The boundary is usually
defined by the drainage on either side across which irrigation cannot be
extended economically.

Command Areas and Irrigation Intensity
Command area (CA):
The total area which can be irrigated by a canal system.

In the formulation of projects and schemes CCA is roughly taken as 80-
90% of GCA.

Culturable command area (CCA):
The GCA less the area of unculturable land laying within the gross area.
The residential area, ponds, reserve forests, etc. are excluded but pasture
and undeveloped fellow lands are included.

Command Areas and Irrigation Intensity
CCA can be classified as
i) Culturable cultivated area

Crop is grown at a particular time or crop season.
ii) Culturable uncultivated area

Crop is not grown at a particular time or crop season.
The crop is kept without cultivation due to following reasons:
 To increase the fertility of the soil which has been reduced due to

intense cultivation
 To provide pasture land for animals
 The crop to be sown has a different crop season
 To protect the land from possible danger of water logging
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Net command area (NCA):
The CCA excluding also pasture and undeveloped fellow lands.

Command Areas and Irrigation Intensity

Irrigation Intensity (II):
The ratio of irrigated area during a crop season to CCA (percentage of
CCA proposed to be irrigated seasonally).
Area to be irrigated = CCA×II
Annual Irrigation Intensity:
The ratio of actually irrigated area during the entire year to CCA.

Methods of Field Irrigation and Their Suitability

Methods of Irrigation

Free Flooding
(or Ordinary Flooding)

Boarder Strip 
Method

Check 
Flooding

Basin 
Flooding

Contour 
Laterals

Zig-zag 
Method

Flooding Method Contour Farming Furrow Irrigation

Surface
Irrigation

Sub-surface Irrigation
(or Sub Irrigation)

Sprinkler Irrigation
(or Overhead Irrigation)

Drip Irrigation
(or Trickle Irrigation)

Wild Flooding
(or Uncontrolled Flooding) Controlled Flooding

Shallow Furrow 
Medium-depth 
Furrow 
Deep Furrow 

Depending upon availability of water, cultural practices within the
community and ability of farmers to afford to the installations, there are
many irrigation methods in practices.
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Methods of Field Irrigation and Their Suitability
1. Surface Irrigation:
It is most common type of irrigation. Water is applied in the field in the
varied quantities and different times with the flow over the land surfaces.
Generally one-half of the water released reaches plants.
It may be classified as follows:
I) Flooding Method
II) Contour Farming
III) Furrow Irrigation
I) Flooding Method:
In flooding irrigation, water is allowed to cover the surface of land in a
continuous sheet. The water standing just long enough in the field for the
soil to absorb the water applied to refill the root zone.
It may be classified into
i) Wild Flooding (or Uncontrolled Flooding), and
ii) Controlled Flooding

Methods of Field Irrigation and Their Suitability
i) Wild Flooding (or Uncontrolled Flooding):
This is earliest and the primitive method of application of water to the
land, and the most inefficient of irrigation methods. In this method the
water is applied by spreading it over the land prior to the application of
water, and no land preparations is done in the form of border or field
ditches. The water is allowed to flow the natural slope of the land.
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Methods of Field Irrigation and Their Suitability
i) Wild Flooding (or Uncontrolled Flooding):
Suitability
Suitable for inundation irrigation system or pastures or forage crops
where water is available in abundance at the highest elevation and is
inexpensive.
Advantages
 Very low level of expertise is sufficient
 Low cost
 Does not interfere with tillage
Disadvantages
 Inefficient use of water
 Non-uniform distribution of water
 Excessive soil erosion on steeper slopes
 Require drainage arrangement to reduce ponding
 Irregular crop responses
 Over irrigation and large percolation losses

Methods of Field Irrigation and Their Suitability
ii) Controlled Flooding:
In controlled flooding methods irrigation water is applied by spreading it
over the land to be irrigated with proper control on the flow of water as
well as the quantity of water applied. All the methods of control flooding
require prior preparation of the land. The land is properly graded &
agricultural fields are divided into small units by levees.
The various methods of controlled flooding are:
a) Free Flooding
b) Contour Laterals
c) Border Strip Method
d) Check Flooding
e) Basin Flooding
f) Zig-zag Method
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Methods of Field Irrigation and Their Suitability
a) Free Flooding
It is the commonly adopted method where irrigation water is in
abundance and cheap. The land is divided into plots of suitable size
depending on porosity of soil. Water is supplied to these plots at the
higher end and the supply is cut off as soon as this water reaches the
lower part of the plot with sufficient depth of water.

Methods of Field Irrigation and Their Suitability
Suitability
Most suitable for soils of medium texture and with moderate slopes.
b) Contour Laterals
This is a special case of free flooding in which the field channels or
laterals are aligned approximately along the contour lines. In this
method, irrigation is possible only on side of the laterals. The spacing of
laterals may vary from 15 to 50 m.
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Methods of Field Irrigation and Their Suitability
Suitability
Suitable on close growing crops on sloping or rolling lands not subjected
to any degree of levelling necessary for other methods of irrigation.
Advantages
 Low cost
 Can be used in all types of soil
Disadvantages
 Inefficient use of water
 Very uneven distribution of water
 Excessive soil erosion on steeper slopes
 Irregular crop responses can be seen
 Over irrigation and large percolation losses

Methods of Field Irrigation and Their Suitability
c) Border Strip Method
In this method a field is divided into number of strips. The width of strip
varies from 10 to 20 m and length varies from 100 to 400 m. The water is
diverted from the field channel into the strips. The water flows slowly
towards lower end, wetting the soil as it advances. The surface between
two embankments should essentially be level. It helps in covering the
entire width of the strip. There is a general surface slope from opening to
the lower end. The surface slope from 2 to 4 m/1000 m is best suited.
When the slope is steeper, special arrangement is made to prevent
erosion of soil.
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Methods of Field Irrigation and Their Suitability
Suitability
This method is suitable for all close growing crops, some row crops and
orchard where topography and soil are suitable.
Advantages
 Utilizes large water streams safely
 Requires less labor
 Provides uniform wetting and efficient use of water
Disadvantages
 Requires proper levelling
 High initial cost
 A large supply of water is needed

Methods of Field Irrigation and Their Suitability
d) Check Flooding
In this method, the farm is divided into small check areas. These are
surrounded on all sides by low, flat levees. The checks are square,
rectangular or irregular plots. If the ground has initial slope, levees may
follow the contours.
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Methods of Field Irrigation and Their Suitability
Suitability
This method is suitable to irrigate grain and fodder crops in heavy soils
where water is absorbed very slowly.
Advantages
 High irrigation efficiency can be achieved
 Unskilled labor can be employed as there is no danger of erosion
Disadvantages
 High labor required
 Levees impose restrictions in the use of modern farm machinery
 Use is generally restricted to relatively smooth lands because of the

expenditure involved in levelling the plots

Methods of Field Irrigation and Their Suitability
e) Basin Flooding
This method is special form of check flooding and is adopted specially
for orchard trees. One or more trees are generally placed in the basin and
the surface is flooded as in the check method. This method is also used
extensively to irrigate rice.
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Methods of Field Irrigation and Their Suitability
Suitability
This method is suitable for close growing crops and orchards on medium
to coarse textured soils.
Advantages
 Provides efficient use of water
 Involves less labor and low maintenance cost
Disadvantages
 Requires expert levelling and layout
 High initial cost
 Large quantity of water is needed

Methods of Field Irrigation and Their Suitability
f) Zig-zag Method
In this method, the agricultural area is sub-divided into small plots by
low bunds in a zig-zag manner. The water is supplied to the plots from
the field channel through the openings. The water flows in a zig-zag way
to cover the entire area. When the desired depth is attained, the openings
are closed.
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Methods of Field Irrigation and Their Suitability
II) Contour Farming
Contour farming is the practice of tillage, planting, and other farming
operations performed on or near the contour of the field slope. This
method is most effective on slopes between 2 and 10%. Tillage and
planting operations follow the contour line to promote positive row
drainage and reduce ponding.
Farming on the contour reduces sheet and
rill erosion and the resulting sediment
deposition at the foot of the slope or off-
site. It can increase water infiltration,
thereby reducing the transport of nutrients
and organics to surface water and
increasing water storage in the soil profile.

Methods of Field Irrigation and Their Suitability
III) Furrow Irrigation
Furrow irrigation is a type of surface irrigation in which trenches or
“furrows” are dug between crop rows in a field. The dimension of
furrows depend on the crop grown, equipment used and soil type. Water
in furrows contacts only one half to one fifth of the land surface. Farmers
flow water down the furrows (often using only gravity) and it seeps
vertically and horizontally to refill the soil reservoir. In heavy soils
furrows can be used to dispose the excess water.



5/2/2019

23

Methods of Field Irrigation and Their Suitability

Advantages
 Relatively high water efficiency reducing evaporation losses and

pudding requirement
 Labour requirement for land preparation and irrigation is reduced
 No wastage of lands in field ditches
 Furrows serve as drainage ways for surface runoff in areas of heavy

rainfall
Disadvantages
 Requires skill in developing furrow
 Silts from the furrows should be regularly removed
 Adequate drainage provision should be made at the end of each row

Suitability
 Suitable for wide spaced row crops including vegetables that would be

damaged by direct inundation by water (maize, sugarcane, cotton,
tobacco, groundnut, potatoes, beans, etc.)

 Suitable to most soils except sand

The furrow irrigation can be further subdivided into
1. Shallow furrow
2. Medium-depth furrow, and
3. Deep furrow

Methods of Field Irrigation and Their Suitability

1. Shallow furrow
Shallow furrows are 10 to15 cm deep and 30 to 35 cm wide on the top.
These furrows are used for crops with narrow row-spacing and for band
sowing.
2. Medium-depth furrow
Medium-depth furrows are 15 to 20 cm deep and 40 to 45 cm wide on
the top. These furrows, which are trenched with a row-spacing of 60-70
cm.
3. Deep furrow
Deep furrows are made with a wide row-spacing (80 to 90 cm). Their
depth is 20 to 25 cm and at off-season irrigation come up to 30 cm. Such
furrows have a large volume of filling, but poor water yield.
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Methods of Field Irrigation and Their Suitability
2. Subsurface Irrigation:
In subsurface irrigation, water is applied beneath the ground by creating
and maintaining an artificial water table at some depth, usually 30-75 cm
below the ground surface. The idea is to raise the water by capillary
movement.
It may be classified into
i) Natural subsurface irrigation, and
ii) Artificial subsurface irrigation
i) Natural subsurface irrigation
Natural subsurface irrigation is applicable to low laying lands where an

impervious layer exists below the root zone. Water is allowed in to series
of ditches dug up to the impervious layer, which then moves laterally and
wets root zone.Advantage
 Offers most economical means of raising cropsDisadvantage
 May develop water logging conditions

Methods of Field Irrigation and Their Suitability
ii) Artificial subsurface irrigation
In artificial sub surface irrigation, perforated or porous pipes are laid out

underground below the root zone and water is led into the pipes by
suitable means.
Advantages
 Minimum water requirement for raising crops
 Minimum evaporation and deep percolation losses
 No wastage of land
 No interference to movement of farm machinery
 High crop yield
Disadvantages
 Requires a special combination of natural conditions.
 Danger of water logging
 Possibility of choking of the pipes lay underground.
 High cost
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Methods of Field Irrigation and Their Suitability
3. Sprinkler Irrigation:
In sprinkler irrigation, water is sprinkled into the air and allowed to fall
on the ground surface just like rainfall. The spray is done by the flow of
water under pressure through small orifices or nozzles. The pressure is
generally obtained by pumping. Through proper selection of nozzle
sizes, operating pressure and sprinkler spacing the amount of irrigation
water required to refill the crop root zone can be applied almost uniform
at the rate to suit the infiltration rate of soil.
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Methods of Field Irrigation and Their Suitability
Suitability
 Suitable for areas having uneven topography and where erosion

hazards are great
 Suitable for almost all crops except crops such as paddy and jute
 The dry crops, vegetables, flowering crops, orchards, plantation crops

like tea, coffee are all suitable
The system comprises four main parts
i. Power generator
ii. Pump
iii. Pipeline and
iv. Sprinkler

Methods of Field Irrigation and Their Suitability
Advantages
 No conveyance loss.
 Suitable to all types of soil apart from heavy clay.
 Saves water
 Higher water application efficiency (about 80%)
 Increases in crop yield.
 Mobility of system
 May also be used for undulating area
 Saves land as no bunds and canal systems are required
 Areas located at a higher elevation than the source can be irrigated
 Possibility of using soluble fertilizers and chemicals.
 Less problem of clogging of sprinkler nozzles due to sediment laden

water
 The overall cost of labour is generally reduced
 Erosion of soil cover can be reduced
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Disadvantages
 Initial cost of implementation is high
 High and constant energy requirement for operation
 Under high wind condition and high temperature distribution and

application efficiency is poor
 Highly saline water causes leaf burning when temperature is higher

than 35ºC
 When lands have been already levelled and developed for surface or

other irrigation methods sprinkler irrigation is not so economical.
 There is loss of water due to evaporation from the area during

irrigation
 Not suitable for crops requiring frequent and larger depth of irrigation,

and plantation crops as well
 Can not be used on fine textured and heavy clay soils
 Use of marginal (recycled sewage) water is restricted
 Nozzles need screened water supply, otherwise likely to be plugged

Methods of Field Irrigation and Their Suitability

Disadvantages
 Physical damage to crops by application of high intensity spray
 Pipe system has to be assembled and dissembled frequently

Methods of Field Irrigation and Their Suitability

Problems of Sprinklers
 Silt and debris in the source of water
 Problems in the operation of the pump
 Problems in the leakage in the pipe lines
 Sprinkling problem due to strong wind
 Pipe network assembling and dissembling
Classification of Sprinkler Systems
a) Permanent system
b) Semi-permanent system
c) Portable system
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Methods of Field Irrigation and Their Suitability
Classification of Sprinkler Systems
a) Permanent system
In this system, pipes are permanently buried in such a way that they do
not interfere with the farming operations.
b) Semi-permanent system
In this system, the main and sub-main lines are buried while the laterals
are portable so as to move from farm to farm.
c) Portable system
In this system, the main, sub-mains and laterals are portable so as to
move from farm to farm.

Methods of Field Irrigation and Their Suitability
4. Drip Irrigation:
It involves slow application of water to the root zone. The drip irrigation
system consist of
i) Head,
ii) Main line and sub line,
iii) Lateral lines, and
iv) Drip nozzles
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Methods of Field Irrigation and Their Suitability
The head consists of a pump to lift water and produce the desired
pressure (about 2.5 atmosphere) and to distribute water through nozzles.
A fertilizer tank for applying fertilizer solution directly to the field along
with the irrigation water and filter which cleans the suspended impurities
in irrigation water to prevent the blockage of holes and passage of drip
and nozzles.
Mains and sub mains are normally of flexible material such as black
PVC pipes. Laterals or drip lines are small diameter flexible lines
(usually 1 to 1.25 cm diameter black PVC tubes) taking off from the
mains or sub mains. Laterals are normally laid parallel to each other.
Lateral lines can be up to about 50 meters long and are usually 1.2 cm
diameter black plastic tubing. There is usually one lateral line for each
crop row. By laying the main line along the center line of the field, it is
possible to irrigate either side of the field alternately by shifting the
laterals. A pressure drop of 10 percent is permitted between the ends of
lateral.

Methods of Field Irrigation and Their Suitability
Drip nozzles are also known as emitters or valves and are fixed at regular
intervals in the laterals. These PVC valves allow water to flow at the
extremely slow rates, ranging from 2 to 11 liters per hour. The spacing
between laterals is controlled by the row-to-row spacing of the crop to be
irrigated. Drip laterals laid on soil surface or buried underground at the
depth of 5 to 10 cm.
Suitability
 Suitable for any topography
 Suitable for the soil with different texture
Advantages
 Less requirement of irrigation water
 Water supply at optimum level
 Water logging avoided
 High yield
 Cultivation of cash crops
 No over irrigation
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Methods of Field Irrigation and Their Suitability
 Variation in application rate
 Weed control
 Increase in net irrigable area
 Nutrients preservation
 Reduced labour cost
 No soil erosion
 Suitable for saline soils
 Maintenance of high soil temperature
Disadvantages
 High initial cost
 Not suitable for close growing crops
 Danger of blockage of emitters
 Pipe laid beneath may interfere with the cultivation
 Can not adopt by ordinary farmers

Each of the irrigation methods has some advantages and disadvantages,
and the selection of the method depends on the following factors:

Selection of Field Irrigation Method

(i) Size, shape, and slope of the field,
(ii) Soil characteristics,
(iii) 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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Principal Criteria for the Design of a Suitable Irrigation Method
(i)Store the required water in the root-zone of the soil,
(ii) Obtain reasonably uniform application of water,
(iii) Minimise soil erosion,
(iv) Minimise runoff of irrigation water from the field,
(v) Provide for beneficial use of the runoff water,
(vi) Minimise labour requirement for irrigation,
(vii) Minimise land use for ditches and other controls to distribute water,
(viii) Fit irrigation system to field boundaries,
(ix) Adopt the system to soil and topographic changes, and

Planning of Irrigation Projects
The preparation of plans of an irrigation project is a complicated task and
needs the expertise of specialists.
The process of planning of an irrigation project can be divided into the
following two stages:
1. Preliminary planning, and
2. Detailed planning
1. Preliminary planning
 Collecting and analyzing all available data for the current study
 Securing additional data needed for preparing preliminary plans
 Determining the feasibility of the proposed development by making

the preliminary study of major features in sufficient detail

(x) Facilitate use of machinery for land preparation, cultivating,
furrowing, harvesting, and so on.
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Planning of Irrigation Projects
2. Detailed planning
 Accurate data on all aspects of the proposed irrigation project are

required to work out the detailed plans and designs of various
engineering works and to determine their economic site locations

 Physical data needed for detailed planning are collected by
topographic and location surveys, land and soil investigations and
geological explorations (surfaces as well as subsurface) at the sites of
major engineering works

 Hydrological data are usually determined by extensive studies of all
available records and collecting additional data, if possible

 Photographic records of pre-construction (and also during
construction) condition at locations of all engineering works and aerial
surveys for dams and reservoir sites must be supplemented by
accurate ground surveys

Factors to be considered while planning:
 Type of project and general plan of irrigation works,
 Location, extent and type of irrigable lands,
 Irrigation requirements for profitable crop production,
 Available water supplies for the project,
 Irrigable (culturable) areas which can be economically supplied with

water,
 Types and locations of necessary engineering works,
 Needs for immediate and future drainage,
 Feasibility of hydroelectric power development,
 Cost of storage, irrigation, power and drainage features,
 Evaluation of probable power, income and indirect benefits,
 Method of financing the project construction,
 Desirable type of construction and development,
 Probable annual cost of water to the farmers,
 Cost of land preparations and farm distribution systems, and
 Feasible crops, costs of crop production, and probable crop returns
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Basic information for planning and design
To adequately plan and design an irrigation system, certain basic
information is needed. This data includes:
1. Field Information
2. Soil and Water Data
 Soil profile and texture classification,
 Soil depth,
 Water intake rate, and
 Soil water holding capacity or available soil moisture
3. Plant Data
 The type of cropping system,
 Crop rotation plans, and
 Peak rate of water use by crops
4. Water Availability
5. System Design
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IRRIGATION 
WATER 

REQUIREMENTS
IRRIGATION 

WATER 
REQUIREMENTS

Crop Period and Base Period:
Relation between Duty, Delta and Crop PeriodsRelation between Duty, Delta and Crop Periods

The time period that start from the instant of its sowing to the instant of
its harvesting is called the crop period.
The time between the first watering of a crop at the time of its sowing to
its last watering before harvesting is called the base period.
The crop period is the total period during which the crop remains on the
field, whereas the base period is the total period during which irrigation
is done. Generally crop period is slightly greater than the base period.
Kor Watering, Kor depth and Kor Period:
•The distribution of water during the period of crop is not uniform.
•Crops require maximum water during first watering after the crops have
grown few centimeters.
•During the subsequent watering the quantity of water needed by crops
gradually decreases and is least when crop gain maturity.
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Kor Watering, Kor depth and Kor Period:
The first watering is known as kor watering, the depth applied is known
as kor depth. The portion of the base period in which kor watering is
needed is known as kor period.

Duty and Delta of a Crop:
Delta: The total quantity of water required by the crop for its full growth
may be expressed in hectare-meter or simply as depth to which water
would stand on the irrigated area if the total quantity supplied were to
stand above the surface without percolation or evaporation.
This total depth of water is called delta (Δ).
Duty (D): It may be defined as the number of hectares of land irrigated
for full growth of a given crop by supply of 1 m /s of water continuously
during the entire base of that crop. Duty is the capacity of water to
irrigate land. Simply we can say that, the area (in hectares) of land can
be irrigated for a crop period (in days) using one cubic meter of water.

3

Paleo: It is defined as the first watering before sowing the Crop.



5/13/2019

3

Overlap allowance
It might happen that the crop of one season may sometimes overlap the next
crop season for some period. During such a period of overlapping, irrigation
water is required to be supplied simultaneously to the crops of both the seasons.
Thus there is extra demand of water during this period and thus the water
supply must be increased by some amount. The extra discharge that has to be
supplied for this purpose is known as Overlap allowance.

Outlet factor
The duty of water at the outlet is known as the outlet factor.
Capacity factor
The is the ratio of the mean supply discharge to the full supply discharge
of a canal.
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Hence                 Δ for wheat = 37.5 cm    Ans.
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∴ The design discharge, to meet the peak demand, will be 1.271x 1.20 = 1.52 cumecs.
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1. Soil Characteristics:
If the soil of the canal bed is porous and coarse grained, it
leads to more seepage loss and consequently low duty. If it
consists of alluvial soil, the percolation loss will be less and
the soil retains the moisture for longer period and consequently
the duty will be high.

Factors affecting Duty

2. Climatic Condition:
When the temperature of the command area is high the
evaporation loss is more and the duty becomes low and vice
versa.
3. Rainfall:
If rainfall is sufficient during the crop period, the duty will be
more and vice versa.

Factors affecting Duty
4. Base Period:
When the base period is longer, the water requirement will be
more and the duty will be low and vice versa.
5. Type of Crop:
The water requirement for various crops is different. So the
duty varies from crop to crop.
6. Topography of Agricultural Land:
If the land is uneven the duty will be low. As the ground slope
increases the duty decreases because there is wastage of water.
7. Method of Ploughing:
Proper deep ploughing which is done by tractors requires
overall less quantity of water and hence the duty is high.
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Factors affecting Duty

9. Water Tax:
If some tax is imposed the farmer will use the water
economically thus increasing the duty.

8. Methods of Irrigation:
The duty of water is high in case of perennial irrigation system
as compared to that in inundation irrigation system.

Importance of Duty
It helps us in designing an efficient canal irrigation system.
Knowing the total available water at the head of a main canal,
If we know the crops area required to be irrigated and their
duties, we can work out the discharge required for designing
the channel.
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Water requirements of a crop mean the total quantity and the way in
which a crop requires water from the time it is sown to the time it is
harvested. It is the quantity of water utilized by the plant during its life
time. This water may be supplied either entirely by rainfall, entirely by
irrigation or by a combination of both.

Crop Water RequirementsCrop Water Requirements

Reference Crop Evapotranspiration (ETo): 
The rate of evapotranspiration from an extensive surface of 8 to 15 cm
tall, green grass cover of uniform height, actively growing, completely
shading the ground and not short of water is known as reference crop
evapotranspiration (ETo)
Crop Water Requirement (CWR) or Crop Evapotranspiration (ETc
or ETcrop):
It is the depth of water need to meet the water loss through
evapotranspiration of a disease free crop, growing in large field without
restriction in soil conditions including water and fertility, having good
production potential with particular growing environment.
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Crop Co-efficient (kc): 
The ratio of crop evapotranspiration (ETc) to the reference
crop evapotranspiration (ETo) is called Crop co-efficient (kc).
kc = ETc/ETo
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The commonly used methods are two:
i. Experimental methods, using the experimentation data from
evaporation pan.
ii. Theoretical methods using empirical formulae, that take into account,
climatic parameters

Estimation of reference crop ETO

i) Experimental method
Estimation of ETo can be made using the formula

ETo = Kpan x Epan
where, ETo = the reference crop evapotranspiration in mm/day,

Kpan = a coefficient called pan coefficient, and
Epan = the evaporation in mm/day from the pan.

The factor Kpan varies with the position of the equipment (say, whether
placed in a fallow area or a cropped area), humidity and wind speed.
Generally, the details are supplied by the manufacturers of the pan. For
the US Class A evaporation pan, Kpan varies between 0.35 and 0.85,
with an average value of 0.7.

i) Experimental method
It may be noticed that finding out ETc would involve the following
expression

ETc = Kcrop x ETo = Kc x Epan x Kpan
If instead, Kcrop x Kpan is taken as a single factor, say K, then ETc may 
directly be found from Epan as under: 
ETc =K x Epan, where K may be called the crop factor

Estimation of reference crop ETO

Class A Pan
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Estimation of reference crop ETO
ii) Theoretical methods
The important methods that have been proposed over the years take into
account, various climatic parameters. The most commonly used methods
are as follows.
a) Blanney-Criddle formula:
This formula gives an estimate of the mean monthly values of ETo,
which is stated as

ETo = p ( 0.46 Tmean + 8.13)
where, Tmean = the mean daily temperature in degree centigrade over the

month considered and may be taken as ½ (Tmax + Tmin)
for a particular month;

p = the mean daily percentage of annual day time hours and has
been estimated according to latitude

Estimation of reference crop ETOb) Radiation method:
ETO = c(W Rs )

where ETO = reference crop evapotranspiration (mm/day)
Rs = solar radiation in equivalent evaporation (mm/day)
c = adjustment factor which depends on the mean humidity and

day-time wind conditions;
W = weighting factor which depends on temperature and altitude

c) Penman method:
ETO could be calculated from Doorenbos and Pruitt (1977) version of
Penman equation, known as Penman modified formula, as follows:

ETO =C[w Rn +(1−w).f(u).(ea − ed)]where ETO = reference crop evapotranspiration (mm/day)
C = adjustment factor to compensate for the effect of day and 

night weather conditions
w = temperature related weighting factor
Rn = net radiation in equivalent evaporation (mm/day)
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Estimation of reference crop ETO
c) Penman method:

f(u) = wind related function
ea = actual vapor pressure at mean air temperature (mbar)
ed = saturation vapor pressure at mean air temperature (mbar)

d) Penman-Monteith method:
This method suggests that the value of ETo may be evaluated by the
following formula:

where ETo = reference evapotranspiration [mm day-1],
Rn = net radiation at the crop surface [MJ m-2 day-1],
G = soil heat flux density [MJ m-2 day-1],
T = mean daily air temperature at 2 m height [°C],

Estimation of reference crop ETO
u2 = wind speed at 2 m height [m s-1],
es = saturation vapour pressure [kPa],
ea = actual vapour pressure [kPa],
es – ea = saturation vapour pressure deficit [kPa],
Δ = slope vapour pressure curve [kPa °C-1],
g = psychrometric constant [kPa °C-1]

d) Penman-Monteith method:

iii) Computer software
CROPWAT is a decision support tool developed by the Land and Water
Development Division of FAO. CROPWAT 8.0 for Windows is a computer
program for the calculation of crop water requirements and irrigation
requirements based on soil, climate and crop data. In addition, the program
allows the development of irrigation schedules for different management
conditions and the calculation of scheme water supply for varying crop
patterns. CROPWAT 8.0 can also be used to evaluate farmers’ irrigation
practices and to estimate crop performance under both rainfed and irrigated
conditions.
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The following are the factors which affect on the water requirements 
of the crops:
1.Climate
In hot climate the evaporation loss is more and hence the water
requirement will be more and vice versa.
2. Type of crop
Different crops require different amount of water for maturity
3. Water table
If the water table is nearer to the ground surface, the water requirement
will be less & vice versa.
4. Ground Slope
If the slope of the ground is steep the water requirement will be more due
to less absorption time for the soil.

Factors Affecting Crop-water Requirements

5. Intensity of Irrigation
It is directly related to water requirement, the more the intensity greater
will be the water required for a particular crop.
6. Conveyance Losses
Conveyance Losses take place from barrage/weir to the field (outlet).
Major loss of water in an irrigation channel is due to absorption, seepage
or percolation and evaporation. The absorption losses depend upon a)
type of soil, b) subsoil water, c) age of canal, d) position of FSL with
respect to NSL, e) amount of silt carried by canal, and f) wetted
perimeter.
7. Method of Application of water
In sprinkler method less water is required as it just moist the soil like
rainwater whereas in flood more water is required.
8. Method of Ploughing
In deep ploughing less water is required and vice versa.
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9. Crop Period
The longer the crop period greater will be the water required for a
particular crop.
10. Base Period:
The longer the base period greater will be the water required for a
particular crop.
11. Delta of a crop:
The higher the delta greater will be the water required for a particular
crop.

1. In Canal System
i) Canals ≈ 17% (vary between 15-20%)
ii) Distributaries ≈ 8% (vary between 6-8%)

Canal Losses

2. In water courses ≈ 20% (vary between 17-22%)

3. In the field ≈ 27%

Water Losses due to Seepage and EvaporationWater Losses due to Seepage and Evaporation
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1. Water Conveyance Efficiency (ηc):It is defined as the ratio of the irrigation water supplied at
outlets to the field Wf and the irrigation water supplied at
diversion (river or reservoir) Wr . It accounts the conveyance
or transit losses into account.

ηc = Wf / Wr

Efficiency is the ratio of the water output to the water input,
and is usually expressed as percentage. Input minus output is
nothing but losses, and hence, if losses are more, output is less
and, therefore, efficiency is less. Water is lost in irrigation
during various processes and, therefore, there are different
kinds of irrigation efficiencies, as given below:

Irrigation EfficienciesIrrigation Efficiencies
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2. Water Application Efficiency (ηa): It is defined as the ratio of amount of irrigation water stored
into the root zone of the crop Ws to the amount of of water
supplied to the field Wf. It may also be termed as farm
efficiency, as it takes into account the water lost in the farm.

ηa = Ws / Wf = [Wf – (Rf +Df )]/ Wfwhere, Rf is the surface runoff and
Df is the deep percolation

5. Water Storage Efficiency (ηs): It may be defined as the
ratio of amount of water stored in the root zone during
irrigation Ws to the amount of water needed in the root zone
for irrigation (i.e., field capacity – existing moisture content)
Wn. ηs = Ws / Wn

4. Water Use Efficiency (ηu): It may be defined as the ratio
between amount of water beneficially used including leaching
Wu to the amount of water delivered to the field Wf.ηu = Wu / Wf

6. Consumptive Use Efficiency (ηcu): It may be defined as
the ratio between normal consumptive use of the water Wcu to
the net amount of water depleted from the root zone of soil
Wd. ηcu = Wcu / Wd
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The water distribution efficiency represents the extent to
which the water has penetrated to a uniform depth, throughout
the field. When the water has penetrated uniformly throughout
the field, the deviation from the mean depth is zero and water
distribution efficiency is 1.0.

6. Uniformity Coefficient or Distribution Efficiency (ηd):The effectiveness of irrigation may also be measured by its
water distribution efficiency (ηd), which may be expressed
mathematically as

ηd = (1-y/d)
where, y = average numerical deviation in depth of water

stored from average depth stored during the irrigation
d = average depth of water stored during the irrigation

Overall efficiency is the product of all efficiencies and takes
into account total amount of losses incurred.

Project Efficiency or Overall Efficiency(ηo):It may be defined as the irrigation water evapotranspirated by
the crop Wcu to the irrigation water supplied at the diversion
point Wr. ηo = Wcu / Wr
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Effective Rainfall (Re): 
Precipitation falling during the growing period of a crop that is available 
to meet the evapotranspiration needs of the crop is called effective 
rainfall. 
It is that part of rainfall which is available to meet ET needs of the crop.
Re = R – Rr – Dr 
where, R = Precipitation 
Rr = Surface runoff 
Dr = Deep percolation 

Generally a percentage of total 
rainfall is taken as effective 
rainfall 

Effective RainfallEffective Rainfall
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Irrigation Water RequirementsIrrigation Water Requirements
Operational water requirement:
It is the water used for land preparation, percolation losses in flooded
paddy fields. For irrigation water requirement, it must be supplied in
addition to the crop water requirement.
Field water requirement:
It is the sum of crop water requirement and the operational water
requirement.
Consumptive Irrigation Requirement (CIR):
It is defined as the amount of irrigation water that is required to meet the
evapotranspiration needs of the crop during its full growth.
CIR = Cu - Re
where Cu is the consumptive use of water.

Net Irrigation Requirement (NIR):
It is defined as the amount of irrigation water required at the plot to meet
the evapotranspiration needs of water as well as other needs such as
leaching etc.
NIR= Cu - Re + Water lost in deep percolation for the purpose of
leaching etc.
Field Irrigation Requirement (FIR): 
It is the amount of water required, to meet net irrigation requirements,
plus the water lost in percolation in the field water courses, field
channels and in field applications of water.
FIR = NIR + water application losses = NIR/ηawhere ηa is the water application efficiency.
Gross Irrigation Requirement (GIR):
It is the sum of water required to satisfy the field irrigation requirement
and the water lost as conveyance losses in distributaries up to the field.
GIR = FIR + Conveyance loss = FIR/ηcwhere ηc is the water conveyance efficiency.
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Flow Chart to Estimate Crop Water Requirement:
Step-1: Decide future cropping pattern
Step-2: Calculate 10/15 days ETo values using standard method
Step-3: Calculate 10/15 days Kc (crop coefficients) from standard table
Step-4: Calculate ETc for 10/15 days basis
Step-5: Allow for land preparation (rice only)
Step-6: Allow for deep percolation (rice only)
Step-7: Calculate evaporation from land preparation (rice only)
Step-8: Calculate total crop water requirements
Step-9: Calculate effective rainfall
Step-10: Calculate net crop water requirements

Flow Chart to Estimate Irrigation Requirement:
Step-1: Decide future cropping pattern
Step-2: Calculate 10/15 days ETo values using standard method
Step-3: Calculate 10/15 days Kc (crop coefficients) from standard table
Step-4: Calculate ETc for 10/15 days basis
Step-5: Allow for land preparation (rice only)
Step-6: Allow for deep percolation (rice only)
Step-7: Calculate evaporation from land preparation (rice only)
Step-8: Calculate total crop water requirements
Step-9: Calculate effective rainfall
Step-10: Calculate net crop water requirements
Step-11: Allow for field efficiency
Step-12: Calculate field crop water requirements
Step-13: Calculate canal system efficiency
Step-14: Calculate intake water requirements
Irrigation Water Need = ETc + Land Prepration + Evaporation + Deep
Percolation – Effective Rainfall
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Soil-Moisture-Irrigation RelationshipSoil-Moisture-Irrigation Relationship

1. Gravitational or free water:
This form of water is loosely held in the soil and could be easily lost by
gravitational force.

Forms of soil water (Availability of soil water)Forms of soil water (Availability of soil water)

2. Capillary water
This form of soil water is held in the soil by capillary action (force) that
is less than atmospheric pressure. It is the water available for plant
growth.
3. Hygroscopic water
This is a form of soil water that is present not only in the pores but also
on the surface of the soil particle. It is tightly held in the soil and cannot
be removed except by oven drying at 105°C. It is the water not available
for plant growth (unavailable water)

Soil Moisture Content
It is the amount of water in the soil (usually expressed in %).

Water-retaining properties of the soilWater-retaining properties of the soil

Saturation Capacity/Level
When all pores of soil are filled with water, then it is called the saturation
capacity of that particular soil. It is also called maximum moisture
holding capacity.
Field Capacity (FC)
It is the moisture content of the soil when downward movement of water
has vertically ceased. This condition usually exists in a well-drained soil
about two or three days after rain or irrigation. It is closely related to soil
texture and is influenced by the organic matter content, types of minerals
present and soil structure.
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Wilting Point (WP)
It is the moisture content beyond which plants can no longer extract
enough moisture and remain wilted unless water is added to the soil. The
moisture tension at wilting is about or often equal to 15 atmosphere. It
represents the lower limit of available moisture. It is also called
permanent wilting point (PWP).

1. Temporary Wilting Point (TWP)
It is the moisture content at which plants wilt during hot windy day but
recover in the cooler portion of the day (say night) or when water is
added to the soil.
2. Ultimate Wilting Point (UWP)
It is the moisture content at which plants wilt and fail to regain life even
after addition of water to the soil.

Two stages of wilting points are recognized

Wilting Coefficient
It is the level of soil moisture at which water becomes unavailable to
plants and permanent wilting ensues.

Hygroscopic Coefficient
It is the percentage of water remaining in an air-dry soil.
Available Moisture (AM)
It is the moisture holding capacity of a given undisturbed soil sample
between FC and PWP (i.e., FC-PWP).
Readily Available Moisture (RAM)
It is the portion of AM which can be easily extracted by plants. It is
generally 75-80% of AM.
Soil moisture deficiency (Field moisture deficiency)
It is the water required to bring the soil moisture content of a given soil
to its FC.
Optimum Moisture Content (OMC)
It is the moisture content in the soil corresponding to which optimum
growth of plant takes place.
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Water can exist in either of the following forms in the soil.
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Root zone depth (d)
It is the depth below the ground surface in which crops develop roots
system to derive water for growth.

Depth and Frequency of IrrigationDepth and Frequency of Irrigation

Consumptive use (Cu)
It is the total amount of water used by the plant in transpiration and
evaporation from adjacent soils or levees in a specified time. Cu may be
different for different crops, and may be different for same crop at
different time and place.
Frequency of Irrigation (fw)
It is the time lag between the two adjacent supply of water to soil in
order to ensure sufficient irrigation of the given crop
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Estimating depth and frequency of irrigation on the basis of soil 
moisture regime concept 
Water or soil moisture is consumed by plants through their roots. It,
therefore, becomes necessary that sufficient moisture remains
available in the soil from the surface to the root zone depth.

The irrigation water should be supplied as soon as the moisture falls
up to this optimum level and its quantity should be just sufficient to
bring the moisture content up to its field capacity,
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Optimum Utilization of 
Irrigation Water 
• Yield is going to vary with 
the application of different 
quantities of water. 
•The yield increases with 
water, reaches maximum value 
and then falls down. 
•The quantity of water at 
which the yield is maximum, is 
called the optimum water 
depth. Optimum utilization of 
irrigation generally means, 
getting maximum yield with 
any amount of water. 
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Consumptive Use (Cu)
The consumptive use of irrigation water is the quantity of actually water 
required by the plant. The combine process of Evaporation and 
transpiration (Evapotranspiration) is a consumptive use. It is use of water 
by a crop is the depth of water consumed by evaporation and 
transpiration during crop growth.
Frequency of irrigation is calculated by dividing the amount of soil 
moisture which may be depleted (i.e., allowable depletion below field 
capacity and well above permanent wilting point) within the root-zone 
soil by the rate of consumptive use. 
Thus, Frequency of irrigation = Allowable soil moisture depletion / Rate 
of consumptive use

Irrigation Schedule:
It is a decision making process involving: 
When to irrigate? 
How much water to apply each time? 
How to apply (method of irrigation)? 
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Effective depth of root zone
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CANAL IRRIGATION 
SYSTEM

CANAL IRRIGATION 
SYSTEM

Canals are usually open channels through earth or rock
formations, and have a trapezoidal, rectangular, triangular
cross-section.

Canal:
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.

A. Classification of canals based on the function of canal

Classification of Canals

Classification of canals on the basis of their functions are 
given below:
1. Irrigation canal
2. Navigation canal
3. Power canal
4. Water supply canal

5. Sanitary canal
6. Carrier canal
7. Link canal
8. Feeder canal
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1. Irrigation canals:
These are the canals which carry water to the fields.

Classification of Canals

2. Navigation canal:
These are the canals which are used to provide transport and
voyage facility.
3. Power canal:
These are the canals which are constructed to supply water for
the purpose of generating electric power.
4. Water supply canal:
These are the canals which are constructed to supply water for
public demand such as drinking purpose.

Classification of Canals

7. Link canal:
These are the canals which are constructed to transfer water to
the other conveyance structure which contains in-sufficient
quantity of water.
8. Feeder canal:
These are the canals which are constructed with the idea of
feeding two or more canals.

6. Carrier canal:
These are the canals which besides doing irrigation carry water
for another canal.

5. Sanitary canal:
These are the canals which are constructed to supply water for
sanitation purpose.
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Classification of Canals

1. Productive canal:
The canal which yields net revenue to the nation after full
development of the irrigation in the area is known as
productive canal.

B. Classification of canals based on financial output
1. Productive canal 2. Protective canal

2. Protective canal:
The canal which is constructed with idea of protecting a
particular area from famine is termed as protective canal.
C. Classification of canals based on nature of source
1. Permanent canal 2. Inundation canal

Classification of Canals
1. Permanent canal:
A canal is said to be permanent when provision of a regular
graded channel and masonry works for regulation and
distribution is justified by a well assured source of supply. The
canal which get water throughout the year are called
permanent canal. It is taken from the source which is dry for
the part of the year is called seasonal permanent canal.

C. Classification of canals based on nature of source

2. Inundation canal:
They draw their supply form the river when there is high stage
in the river. They are not provided with any head works for
diversion of river water to the canal.
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Classification of Canals
D. Classification of canals based on discharge and its
relative importance
1.Main canal (MC)
2.Branch canal (BC)
3.Distributary canal (DC)
4.Water courses (WC) or Field channels (FC)
1. Main Canal (MC):
A main canal carries discharge directly from river. It carries
large amount of water and cannot be used for direct irrigation.
Main canal supplies water to the branch canals.
2. Branch Canal (BC):
Canals having discharge not less than 5 cumecs are called as
branch canals. These are the branches of main canal in either
direction at regular intervals.

Classification of Canals
D. Classification of canals based on discharge and its
relative importance
Branch canals also do not carry out direct irrigation but
sometimes direct outlets are provided. Branch canals are
actually the feeders for major and minor distributaries.
3. Distributary canal:
These are the canals taking off from main or branch canal or
from another distributary. These are feeders for another
distributary or water courses for irrigation.
They are further divided into two types:
i) Major Distributary or Distributary
ii) Minor Distributary or Minor
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Classification of Canals
D. Classification of canals based on discharge and its
relative importance
3. Distributary canal:
i) Major Distributary
These canals discharge varies from 5 - 0.25 cumecs.
ii) Minor Distributary
These canals have discharge less than 0.25 cumecs.
4. Water courses or Field channels:
These are the small channels which ultimately feed water to
the irrigation fields. The discharge in water courses is less than
0.25 cumecs. Depending upon the extent of irrigation, a field
channel may take off from a major distributary or minor.
Sometimes, it may even take off water from the branch canal
for the field situated very near to the branch canal.

Classification of Canals
E. Classification of canals based on alignment
1. Contour canal
2. Watershed (Ridge) canal
3. Side slope canal
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Classification of Canals
E. Classification of canals based on alignment
1. Contour canal:
A contour canal is aligned almost parallel to the contours of
the terrain. It can irrigate land only on one side because the
land on the other side is higher. There are large number of
cross drainage works because all the drainage are at right
angles to the contour.
2. Watershed (Ridge) canal:
The canal which is aligned along a watershed or ridge is called
watershed canal. It can irrigate on both sides of the ridge by
gravity, and, therefore, it has a large commanded area. Most of
the drainages originate from the ridge and do not cross the
canal, therefore number of cross drainage works is minimum.

Classification of Canals
E. Classification of canals based on alignment
3. Side slope canal:
A side slop canal is a canal aligned at right angle to the
contour line along the side slopes of the terrain. It does not
normally intercept drainages, and therefore, no cross drainage
work is required
F. Classification of canals based on canal surface
1. Lined canal
2. Unlined canal
1. Lined canal:
If the bed and sides of a canal are lined with impervious or
fairly impervious material to cut down seepage losses, then it
is called lined canal.
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Classification of Canals
F. Classification of canals based on canal surface
2. Unlined canal:
If the bed and sides of a canal are made up of existing natural
material through which it traverses, then it is called unlined
canal. The unlined canals may be further subdivided into the
following type
i) Alluvial canal
ii) Non-alluvial canal
i) Alluvial canal
The soil which is formed by transportation and deposition of
silt over a course of time is called the alluvial soil. The canals
when excavated through such soils are called alluvial canals.

Classification of Canals
F. Classification of canals based on canal surface
2. Unlined canal:
ii) Non alluvial canal
Mountainous regions may go disintegrating over a period of
time, resulting in the formation of a rocky plain area, called
non-alluvial area. It has an uneven topography, and hard
foundations are generally available. The rivers, passing
through such areas, have no tendency to shift their courses,
and they don’t pose much problems for designing irrigation
structures on them. Canals passing through such areas are
called non-alluvial canals.
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Components of the Canal Irrigation System

Factors to be considered for the alignment of
a canal
1. An irrigation canal should be aligned in such a way that
maximum area is irrigated with least length of canal.
2. Cross drainage works should be avoided as far as possible,
such that the cost is reduced.
3. The off taking point of the canal from the source should be
on a ridge, such that the canal must run as a ridge canal and
irrigate lands on both sides.
4. Sharp curves in canals must be avoided.
5. In hilly areas, when it is not possible to construct ridge
canals, the canal must be made to run as a contour canal.
6. The canal should be aligned such that the idle (blind) length
of the canal is minimum.
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Factors to be considered for the alignment of
a canal
7. The alignment should be such that heavy cutting or heavy
filling are avoided. If possible balanced depth of cutting and
filling is achieved.
8. It should not be aligned in rocky and cracked strata.
9. The alignment should avoid villages, roads, places of
worship and other obligatory points.

Assessment of Irrigation Water
The fixation of some nominal charges as levy on the farmers
for using irrigation water is called assessment of irrigation
water.
The charges must be levied for the following reasons:
 To recover the cost of construction of the irrigation project
 To recover the maintenance cost
 To collect some revenue for the nation
 To check the cultivators against uneconomical and careless

use of water
 Planning for new canal



5/21/2018

10

Assessment of Irrigation Water
Assessment of irrigation water charges can be done in one of
the following ways:
(i) Assessment on area basis
(ii) Volumetric assessment
(iii) Assessment based on outlet capacity
(iv) Permanent assessment
(v) Consolidated assessment
(i) Assessment on area basis
In the area basis method of assessment, water charges are
fixed per unit area of land irrigated for each of the crops
grown. The rates of water charges depend on the cash value of
crop, water requirement of crop and the time of water demand
with respect to the available supplies in the source.

Assessment of Irrigation Water
Since the water charges are not related to the actual quantity of
water used, the farmers (particularly those whose holdings are
in the head reaches of the canal) tend to over irrigate their
land. This results in uneconomical use of available irrigation
water beside depriving the cultivators in the tail reaches of the
canal of their due share of irrigation water.
(ii) Volumetric assessment
In the volumetric assessment, the charges are in proportion to
the actual amount of water received by the cultivator. This
method, therefore, requires installation of water meters at all
the outlets of the irrigation system.
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Assessment of Irrigation Water
This method results in economical use of irrigation water and
is, therefore, an ideal method of assessment. But it has several
drawbacks. This method requires installation and maintenance
of suitable devices for water measurement. Further, there is a
possibility of water theft by cutting of banks or siphoning over
the bank through a flexible hose pipe. Also, the distribution of
charges among the farmers, whose holdings are served by a
common outlet, may be difficult.
(iii) Assessment based on outlet capacity
Assessment of canal water charges based on outlet capacity is
a simple method and is workable if the outlets are rigid or
semi-modular and the channel may run within outlet’s
designed range of parameters.

Assessment of Irrigation Water

(v) Consolidated assessment
In the consolidated assessment method, both the land revenue
and the water charges are combined, and the cultivators are
accordingly charged.

(iv) Permanent assessment
In some regions, artificial irrigation, though not essential, has
been provided to meet the water demand only in drought
years. Every farmer of such a region has to pay a fixed
amount. The farmers have to pay these charges even for the
years in which they do not take any water.
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Canal Distribution System

Canal Standards and Balancing Canal Depth
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in filling, then the initial berm width
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The straight saturation gradient line may be drawn with the following slopes.
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Design of Canals
Design Capacity of Canals
Many procedures have been developed for the hydraulic design
of open channel sections.
The development of Chezy equation was based on the
dimensional analysis of the friction equation under the
assumption that the condition of flow is uniform.
V = C (RS)

The Manning equation has proved to be very reliable in practice.
The Manning equation is determination of flow velocity based on
the slope of channel bed, surface roughness of the channel, cross-
sectional area of flow, and wetted perimeter of flow.

Design Capacity of Canals
For the calculation of the capacity of canals by above equation, flow of
canal is assumed uniform. The two types of canals are considered
(1) lined or non-erodible;
(2) unlined, earthen, or erodible.
Basic data required for design
1. Shape of the cross section of the canal.
2. Side slope of the canal. 3. Longitudinal bed slope.
4. Permissible velocities - Maximum and Minimum.
5. Roughness coefficient. 6. Free board.
From the above data we can easily calculate the capacity of canal by
Manning’s and Chezy’s equation by assuming neither scouring nor
silting velocity (permissible velocity)
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Sediment Transport in Canals
When the average shear stress o on the bed of an alluvial channel
exceeds the critical shear c, the sediment particles start moving in
different ways depending on the flow condition, sediment size, fluid and
sediment densities, and the channel condition.
At relatively low shear stresses, the particles roll or slide along the
bed.
The particles remain in continuous contact with the bed and the
movement is generally discontinuous.
Sediment material transported in this manner is termed contact load.
On increasing the shear stress, some sediment particles lose contact
with the bed for some time, and ‘hop’ or ‘bounce’.
The sediment particles moving in this manner fall into the category of
saltation load.

This mode of transport is significant only in case of non-cohesive
materials of relatively high fall velocities
it is difficult to distinguish between saltation load and contact load, the
two are grouped together and termed bed load,
which is transported on or near the bed.
With further increase in the shear stress, the particles may go in
suspension and remain so due to the turbulent fluctuations.
The particles in suspension move downstream. Such sediment material
is included in the suspended load.
The material for bed load as well as a part of the suspended load
originates from the bed of the channel and, hence, both are grouped
together and termed bed-material load.
Irrigation channels carrying silt-laden water and flowing through
alluvial bed are designed to carry certain amounts of water and sediment
discharges.

Sediment Transport in Canals
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This means that the total sediment load transport will affect the design
of an alluvial channel.
 The product of erosion in the catchment is appropriately called wash
load. The transport rate of wash load is related to the availability of fine
material in the catchment and its erodibility and is, normally,
independent of the hydraulic characteristics of the stream.
As such, it is not easy to make an estimate of wash load.
Method of estimation of total load is to determine bed load, suspended
load, and wash load individually and then add these together.
The wash load is usually carried without being deposited and is also
not easy to estimate. This load is, therefore, ignored while analysing
channel stability.

Sediment Transport in Canals

Mechanics of Sediment Transport
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The approximate maximum unit tractive force on the bottom isbm = 0.97γwRS and on the sides is sm = 0.76γwRS.
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Tractive force Approach of Canal Design
A method of design of stable channels in coarse non-cohesive material
carrying clear water has been developed by the United States Bureau of
Reclamation as reported by Lane (1955), which is commonly known as
the Tractive Force Method. Figure 1 below shows schematically shows
such a situation where the banks are inclined to the horizontal at a given
angle θ.

Unlined alluvial canals in clear water 

It is also assumed that the particles A and B both have the same physical
properties, like size, density, etc. and also possess the same internal
friction angle Φ. Naturally, the bank inclination θ should be less than Φ,
for the particle B to remain stable, even under a dry canal condition.
When there is a flow of water, there is a tendency for the particle A to be
dragged along the direction of canal bed slope, whereas the particle B
tries to get dislodged in an inclined direction due to the shear stress of
the flowing water as shown in Figure 2.

1
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2

The particle A would get dislodged when the shear stress ‘τ’ is just able
to overcome the frictional resistance. This critical value of shear stress is
designated as ‘τc’ may be related to the weight of the particle ‘W’ as

τcb = W tanø (1) 
For the particle B, a smaller shear stress is likely to get it dislodged,
since it is an inclined plane. In fact, the resultant of its weight component
down the plane ‘W Sinθ’ and the shear stress (designated as τc′) would
together cause the particle to move. Hence, in this case,

(τcs) + (W Sinθ)  = W cosθ tanø (2) 
In the above expression it must be noted, that the normal reaction on the
plane for the particle B is W cosθ.

22



5/28/2018

7

Eliminating the weight of the particles W from equations (1) and (2), one
obtains,

(3)

i.e.,  k =

is known as tractive force ratio or reduction factor, 
denoted by k.

The ratio

With simplification,
k = sin

sin

(4)

(5)

The equation (3) shows that τcs < τcb, which means that the shear stress
required moving a grain on the side slope is less than that required to
move on the bed.
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The values for the critical stresses at bed and at sides are the limiting
values. One does not wish to design the canal velocity and water depth in
such a way that the actual shear stress reaches these values exactly since
a slight variation may cause scouring of the bed and banks. Hence, adopt
a slightly lower value for each.
Hence, in order to avoid motion of particles;
allowable critical shear stress (or limiting shear stress) for bed,

τbl ≈ 0.9 τcb and
allowable critical shear stress (or limiting shear stress) for sides,

τsl ≈ 0.9 τcs ≈ 0.9 k τcb
Non scouring condition:

τbm ≤ τbl and
τsm ≤ τsl

For Re > 400, Fs = 0.056 (Constant)
Re > 400 is found when d > 6 mm

**
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Fs =

for deff > 6mmeff where deff is in meters
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Design of Non-alluvial Channels
Usually design of non-alluvial channels is dine by Manning’s
or Chezy’s equation.
The mean velocity for a uniform flow as given by Manning’s
is given by
v = (1/n) R2/3 S1/2

where v = velocity of flow in m/s
n = Manning’s coefficient, the value depends upon the

bed and side material of the channel
R = hydraulic mean depth of the channel in m
S = bed slope of the channel

Design of Non-alluvial Channels
The mean velocity for a uniform flow as given by Chezy’s is
given by
v = C √ ( RS )
where v = velocity of flow in m/s

C = Chezy’s coefficient
R = hydraulic mean depth of the channel in m
S = bed slope of the channel

From Bazin’s equation
C = 87 / [1+(K / √ R)]

where, K = Bazin’s coefficient, depends upon the type of
surface
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Design of Non-alluvial Channels
From Kutter’s equation

C =

where, n = Kutter’s roughness factor (coefficient of rugosity)

Design of Alluvial Channels
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Coarse
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z

z 2

z
A=B + z D2

For the Design of Channel Kennedy’s theory can be used in two
different cases:
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Problems
1. Design and sketch an irrigation channel to carry 5 cumecs. The channel is to

be laid on a slope of 0.2m per kilometer. Assume N=0.025 and m=1
Solution:
1. Assume a trial depth D equal to 1.0m

z
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ܸ = 42.85 √0.84 (0.2 /1000) = 0.555m/s
7. Ratio of velocities found in step 6 and step2
= 0.555/0.55 = 1.009= 1.0
Hence assumed d is satisfactory.

2. Determine the dimensions of the irrigation canal for the
following data B/D ratio = 3.7, N= 0.0225, m=1.0 and S= 1/ 4000
side slopes of the channel is ½ H : 1V. Also determine the
discharge which will be flowing in the channel.
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Canal Lining

Necessity of Canal Lining:
 To minimize seepage losses
 To increase the discharge in canal section by increasing the

velocity
 To prevent erosion of bed and side due to high velocities
 To reduce maintenance of canal.

An impermeable layer is provided at the bed and sides of
canal to improve the life and discharge capacity of canal
known as canal lining. Generally seepage can result in
losses of 30 – 40 % of irrigation water in canals, so we can
reduce the effect of seepage by providing lining to the canal.

Advantages of Canal Lining:
 Prevents seepage losses
 Reduces the problem of water logging
 Provide smooth surface and increase velocity of flow
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Disadvantages of Canal Lining:
 Requires heavy initial investment
 Difficult to shift outlets very often
 Difficult to repair the damaged lining
 Berms are not provided in lined sections therefore 

additional safety for pedestrians and vehicles is absent

Advantages of Canal Lining:
 Higher velocity minimize loss due to evaporation
 Higher velocity helps to provide narrow cross section
 Higher velocity helps to provide flatter hydraulic gradient and

flatter bed slope
 Higher velocity prevents silting of channel
 Makes the banks more stable, Prevents weed growth
 Reduces maintenance costs, Reduces breaching, Provides

stability
 Assures economical water distribution
 Prevents water to come in contact with harmful salts

Requirements of  good  Lining 
Suitability of lining
 The lining material should provide complete water 

tightness.
 The lining material should have a low coefficient of 

rugosity.
 The lining material should be strong and durable.
 The lining should not have a very high initial cost.
 The lining material should be able to resist growth of 

weeds and attack of burrowing animals
 The lining material should withstand high velocity
 The lining material should permit construction of 

required slope easily.
 The lining material should be unaffected by tramping of 

cattles
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Types of Lining
The following are the important types of concrete lining.

a) Hard surface type lining
i. Cement concrete lining
ii. Shotcrete lining
iii. Precast concrete lining
iv. Cement mortar lining
v. Brick lining
vi. Stone blocks or undressed stone block lining
vii. Asphaltic lining

b) Earth type lining
i. Soil cement lining
ii. Clay puddle lining
iii. Sodium carbonate lining

c) Buried and protected membrane type lining
i. Prefabricated light membrane lining
ii. Bentonite soil and clay membrane lining
iii. Road oil lining

Design of Lined CanalsDesign of Lined Canals
A lined canal is a rigid boundary channel. It can withstand
with much higher velocity as compared to an unlined, non-
alluvial or alluvial channel. The design is similar to the design
of non-alluvial channels. However, the maximum permissible
velocity is relatively high. Generally Manning’s equation is
used in the design.
For the most economic section, the hydraulic radius R should
be a maximum. Theoretically, a semi-circular section is the
best section for an open channel.
From the practical considerations, a channel of trapezoidal
section or triangular section is usually selected.
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Figure below
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Economics of Canal LiningEconomics of Canal Lining

= Rs.

= Rs.

= Rs.

= Rs. pR2
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Rs. C
Rs. C/Y

Rs. C/2(r/100)

Rs.

Rs.

Rs.
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Rs. 1

Rs. 1,880

Rs. 752
Rs. 22,400Rs. (21,648 + 752)

Rs.

Rs.
= Rs. = Rs. 3,33,000   

Rs. (3,33,000)/40 = Rs. 8,325

= Rs. 8,325
Rs. (8,325 + 8,325) = Rs. 16,650
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DIVERSION HEADWORKSDIVERSION HEADWORKS

Diversion Headworks:The works, which are constructed at the head of the canal, in
order to divert the river water towards the canal, so as to
ensure a regulated continuous supply of silt-free water with a
certain minimum head into the canal, are known as diversion
heads works.
A diversion headworks must be differentiated from storage
work or dam.
On the other hand, diversion headworks are constructed on
perennial rivers, which have adequate flow. Therefore, there is
no necessity of creating a storage reservoir or very little
storage, if any.
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 To rise the water level at the head of the canal
 To form a storage by constructing dykes (embankments) on

both the banks of the river so that water is available
throughout the year

 To control the entry of silt into the canal and to control the
deposition of silt at the head of the canal

 To control the fluctuation of water level in the river during
different seasons

Objectives/Purposes of Diversion Headworks

Classification of Diversion Headworks
(i) Temporary
(ii) Permanent

Temporary Diversion Head Works
For temporary diversion headworks, spurs or bunds are
constructed across the source river. Since floods in the source
river can damage such bunds, it may be necessary to repair
such bunds rather frequently, and construct them after every
flood that occurs in the source river.
Permanent Diversion Head Works
Permanent headworks have a permanent structure in the form
of a weir (or a barrage) constructed across the river. Most of
the headworks of important canal systems are of permanent
type.
Sometimes temporary headworks are constructed in the
beginning and they are replaced by permanent headworks
when the demand for irrigation has developed sufficiently.
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Ideal Site for diversion Head works
 The river section at the site should be narrow and well-

defined
 The river should have high; well-defined, ineradicable and 

non-submersible banks so that the cost of river training 
works are minimum

 The site should be such that the canal commands maximum 
irrigable areas, with moderate earth works

 There should be suitable arrangement for the diversion of 
river during construction

 The site should be such that the weir (or barrage) can be 
aligned at right angles to the direction of the river flow

 There should be suitable locations for the under sluices, 
head regulator and other components of the diversion head 
works

Ideal Site for diversion Head works
 Good foundation should be available at the site
 The required materials of construction should be available 

near the site
 The site should be easily accessible
 The overall cost of the project should be minimum one
Weir and Barrage
It is a barrier constructed across the river to raise the water
level on the upstream side of the obstruction in order to feed
the main canal.
The ponding of water can be achieved either only by a raised
crest across the river or by a raised crest supplemented by
gates or shutters, working over the crest.
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Weir and Barrage

Weir
If the major part or the entire ponding of water is achieved by
a raised crest and a smaller part or nil part of it is achieved by
the shutters, then this barrier is known as a weir.

Fig: A typical cross-section of a modern concrete weir
Classification of Weir
A) Classification Based on Functions
i) Storage weir
ii) Waste weir

iii) Pickup weir
iv) Diversion weir
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Classification of Weir

C) Classification Based on Construction Material
i) Masonry weir with vertical drop
ii) Rock-fill weir with sloping aprons
iii) Concrete weir with sloping glacis
A) Classification Based on Functions
i) Storage weir
It is a weir permanently constructed for storage of water. It is also termed
as low dam.
ii) Waste weir
It serves as spillway to escape floods which cannot be stored in the pond.
It is constructed to ensure safety of the weir proper. Waste weir comes
into operation when water level in the pond rises above the designed
pond level.

B) Classification Based on Design Aspects
i) Gravity weirs
ii) Non- Gravity weirs

iii) Pickup weir
A weir constructed at the offtake of a canal across the river to raise the 
water level for feeding the canal. The term is generally applied to a weir 
across the river on which there is a storage reservoir or a dam upstream. 
It is constructed as an adjunct to a reservoir.

A) Classification Based on Design Aspects
i) Gravity weir
When the weight of the weir (i.e. its body and floor) balances the uplift
pressure caused by the head of the water seeping below the weir, it is
called a gravity weir.
ii) Non- Gravity weir
If the weir floor is designed continuous with the divide piers as
reinforced structure, such that the weight of concrete slab together with
the weight of divide piers keep the structure safe against the uplift then
the structure may be called as a non-gravity weir.

iii) Diversion weir
It is constructed as a constituent part of the headworks to raise water 
level in the river and divert supplies into the offtaking channel.



6/26/2018

6

Classification of Weir
B) Classification Based on Construction Material
i) Masonry weir with vertical drop
Masonry weir wall is constructed over the impervious floor. Cut-off
walls are provided at both ends of the floor. Sheet piles are provided
below the cut off walls. The crest shutters are provided to raise the water
level, if required. The shutters are dropped down during flood. The
masonry weir wall may be vertical on both face or sloping on both face
or vertical on downstream face and sloping in upstream face.

ii) Rock-fill weir with sloping aprons
It consists of masonry breast wall which is provided with adjustable crest
shutter. The upstream rock-fill portion is constructed with boulders
forming a slope of 1 in 4. The boulders are grouted with cement mortar.
The downstream sloping apron consists of core walls. The intermediate
spaces between the core walls are filled up with boulders maintaining a
slope of 1 in 20. The boulders are grouted properly with cement mortar.

Classification of Weir
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iii) Concrete weir with sloping glacis
Now-a-days, the weir is constructed with reinforced cement concrete.
The impervious floor and the weir are made monolithic. The cut off walls
are provided at the upstream and downstream end of the floor and at the
toe of the weir. Sheet piles are provided below the cut-off walls. The
crest shutters are also provided which hare dropped down during the
flood.

Classification of Weir

Barrage
If most of the ponding is done by gates and a smaller or nil
part of it is done by the raised crest, then the barrier is known
as a barrage or a river regulator.

Fig: A typical cross-section of a barrage



6/26/2018

8

Afflux
The rise in the highest flood level (HFL) upstream of the weir 
due to construction of the weir across the river is called afflux.
In case of weir, the afflux caused during high floods is quite
high. But in case of a barrage, the gates can be opened during
high floods and the afflux will be nil or minimum.
Choice between a weir and a barrage
The choice between a weir and a barrage is largely governed
by cost and convenience in working.
 A shuttered weir will be relatively cheaper but will lack the

effective control possible in the case of a barrage.
 A barrage type construction can be easily supplemented

with a roadway across the river at a small additional cost.
Barrages are almost invariably constructed now-a-days on
all important rivers.
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Layout of a Diversion Headworks and its Components

Component parts of Weir/Barrage 

Under-sluices:
The under sluices are the openings provided at the base of the weir or
barrage. These openings are provided with adjustable gates. Normally,
the gates are kept closed. The crest of the under-under sluice portion of
the weir is kept at a lower level (1 to 1.5 m) than the crest of the normal
portion of the weir. The suspended silt goes on depositing in front of the
canal head regulator. When the silt deposition becomes appreciable the
gates are opened and the deposited silt is loosened with an agitator
mounting on a boat. The muddy water flows towards the downstream
through the scouring sluices. The gates are then closed. But, at the period
of flood, the gates are kept opened.
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Under-sluices:
The main functions of under-sluices are:
 To maintain a well defined deep channel approaching the canal head

regulator
 To ensure easy diversion of water into the canal through the canal

head regulator even during low flow
 To control the entry of silt into the canal
 To help scouring and of the silt deposited over the under-sluice floor

and removing towards the downstream side
 To help passing the low floods without dropping the shutters of the

weir
The divide wall:
The divide wall is a masonry or concrete wall constructed at right angle
to the axis of the weir. It extends on the upstream side beyond the
beginning of the canal head regulator; and on the downstream side, it
extends up to the end of the loose protection of the under-sluices. The
divide wall is a long wall constructed at right angles in the weir or
barrage, it may be constructed with stone masonry or cement concrete.

The divide wall:
The main functions of the divide wall:
 It separates the ‘under-sluices’ with lower crest level from the ‘weir

proper’ with higher crest level.
 It helps in providing a comparatively less turbulent pocket near the

canal head regulator, resulting in deposition of silt in this pocket and,
thus, to help in the entry of silt-free water into the canal.

 It helps to keep cross-current, if any, away from the weir.
Fish Ladder:
It is device by which the flow energy can
be dissipated in such a manner as to
provide smooth flow at sufficiently low
velocity, not exceeding 3 to 3.5 m/s. A
narrow opening including suitable baffles
or staggering devices in it is provided
adjacent to the divide wall. The fish ladder
is provided just by the side of the divide
wall for the free movement of fishes.
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Fish Ladder:
In general, the tendency of fish is to move from upstream to downstream
in winters and from downstream to upstream in monsoons. This
movement is essential for their survival. Due to construction of weir or
barrage, this movement gets obstructed, and is detrimental to the fishes.
The width, length and height of the fish ladder depend on the nature of
the river and the type of the weir or barrage.
Canal Head Regulator or Head sluices:
A structure which is constructed at the head of the canal to regulate flow
of water is known as canal head regulator. It consists of a number of
piers which divide the total width of the canal into a number of spans
which are known as bays. The piers consist of number tiers on which the
adjustable gates are placed. The gates are operated form the top by
suitable mechanical device. A platform is provided on the top of the piers
for the facility of operating the gates. Again some piers are constructed
on the down stream side of the canal head to support the roadway.

Canal Head Regulator or Head sluices:
Functions of Canal Head Regulator:
 It regulates the supply of water entering the canal
 It controls the entry of silt in the canal
 It prevents the river-floods from entering the canal
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Canal Head Regulator or Head sluices:
The water from the under-sluice pocket is made to enter the regulator
bays, so as to pass the full supply discharge into the canal. The maximum
height of these gated openings, called head sluices will be equal to the
difference of Pond Level and Crest Level of the regulator.
 The entry of silt into the canal is controlled by keeping the crest of the

head regulator by about 1.2 to 1.5 meters higher than the crest of the
under-sluices.

 If a silt-excluder is provided, the regulator crest is further raised by
about 0.6 to 0.7 meter.

 Silt gets deposited in the pocket, and only the clear water enters the
regulator bays.

 The deposited silt can be easily scoured out periodically, and removed
through the under-sluice openings.

Canal Head Regulator or Head sluices:

A typical section through a Canal Head Regulator (CHR) 
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River Training Works:
River training works are required near the weir site in order to ensure a
smooth and an axial flow of water, and thus, to prevent the river from
outflanking the works due to a change in its course.

(a) Guide Bank
When a barrage is constructed across a river which flows through the
alluvial soil, the guide banks must be constructed to help to secure a
suitable river approach to flow axially through the barrage.

The river training works required on a canal headwork are:
(a) Guide banks
(b) Marginal bunds
(c) Spurs or Groynes

Guide bank serves the following purposes:
 It protects the barrage from the effect of scouring and erosion
 It provides a straight approach towards the barrage
 It controls the tendency of changing the course of the river
 It controls the velocity of flow near the structure

(b) Marginal Bunds
The marginal bunds are earthen embankments which are constructed
parallel to the river bank on one or both the banks according to the
condition. The top width is generally 3 m to 4 m. The side slope on the
river side is generally 1.5: 1 and that on the country side is 2:1.
The marginal bunds serve the following purposes:
 It prevents the flood water or storage water from entering the

surrounding area which may be submerged or may be water logged
 It retains the flood water or storage water within a specified section
 It protects the towns and villages from devastation during the heavy

flood
 It protects valuable agricultural lands
(c) Spurs or Groynes
They are the structures constructed transverse to the river flow. They
extend from the bank into the river.
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(c) Spurs or Groynes
They serve the following purposes:
 Protect the river bank by keeping the flow away from it
 Create still pond along a particular bank with the aim of silting up the

area in the vicinity
 Train the river to flow along a desired course by attracting, deflecting

or repelling the flow
 Contract the wide river channel for improving the navigation depth

Causes of Failure of Weir or Barrage on Permeable Foundation
1. Failure due to Subsurface Flow

(a) Failure by piping or undermining
(b) Failure by direct uplift

2. Failure due to Surface Flow
(a) By hydraulic jump
(b) By scouring during floods

1. Failure due to Subsurface Flow
(a) Failure by piping or undermining
The water from the upstream side continuously percolates through the
bottom of the foundation and emerges at the downstream end of the weir
or barrage floor. The force of percolating water removes the soil particles
by scouring at the point of emergence. As the process of removal of soil
particles goes on continuously, a depression is formed which extends
backwards towards the upstream through the bottom of the foundation. A
hollow pipe like formation thus develops under the foundation due to
which the weir or barrage may fail by subsiding. This phenomenon is
known as failure by piping or undermining.
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Causes of Failure of Weir or Barrage on Permeable Foundation

1. Failure due to Subsurface Flow
(b) Failure by direct uplift
The percolating water exerts an upward pressure on the foundation of the
weir or barrage. If this uplift pressure is not counterbalanced by the self
weight of the structure, it may fail by rapture.

Remedies:
 Decrease Hydraulic gradient i.e. increase path of percolation by

providing sufficient length of impervious floor
 Providing curtains or piles at both upstream and downstream

Remedies:
 Providing sufficient length of the impervious floor
 Providing impervious floor of appropriate thickness at various points
 Providing pile at upstream end to reduce uplift pressure downstream

Causes of Failure of Weir or Barrage on Permeable Foundation
2. Failure due to Surface Flow
(a) By hydraulic jump
When the water flows with a very high velocity over the crest of the weir
or over the gates of the barrage, then hydraulic jump develops. This
hydraulic jump causes a suction pressure or negative pressure on the
downstream side which acts in the direction uplift pressure. If the
thickness of the impervious floor is insufficient, then the structure fails
by rapture.
Remedies:
 Providing additional thickness of floor to counterbalance the extra

pressure due to hydraulic jump
 Constructing the floor thickness in one concrete mass instead of in

masonry layers
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Causes of Failure of Weir or Barrage on Permeable Foundation
2. Failure due to Surface Flow
(b) By scouring during floods
By scouring during floods, the gates of the barrage are kept open and the
water flows with high velocity. The water may also flow with very high
velocity over the crest of the weir. Both the cases can result in scouring
effect on the downstream and on the upstream side of the structure. Due
to scouring of the soil on both sides of the structure, its stability gets
endangered by shearing.
Remedies:
 Taking the piles at upstream and downstream ends of the impervious

floor, much below the calculated scoured level
 Providing suitable length and thickness of launching apron at

upstream and downstream sides, so that stones of the aprons may
settle in the scour holes

Bligh’s, Lane’s and Khosla’s Seepage Theory
1. Bligh’s Creep Theory
According to Bligh’s Theory, the percolating water follows the outline of
the base of the foundation of the hydraulic structure. In other words,
water creeps along the bottom contour of the structure. The length of the
path thus traversed by water is called the length of the creep. Further, it is
assumed in this theory, that the loss of head is proportional to the length
of the creep.

L = B + 2(d1 + d2 + d3)

HL
HL

HLd1 d3

2d1HL/L

2d3HL/L
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Bligh’s, Lane’s and Khosla’s Seepage Theory
1. Bligh’s Creep Theory

If HL is the total head loss between the upstream and the downstream,
and L is the length of creep, then the loss of head per unit of creep length
(i.e. HL/L) is called the hydraulic gradient. Further, Bligh makes no
distinction between horizontal and vertical creep.

HL

Bligh called the loss of head per unit length of creep (HL/L) as
percolation coefficient. The reciprocal, (L/HL) of the percolation
coefficient is known as the coefficient of creep C.

Bligh’s, Lane’s and Khosla’s Seepage Theory
1. Bligh’s Creep Theory
(i) Safety against piping or undermining:
According to Bligh, the safety against piping can be ensured by
providing sufficient creep length, given by

L = C.HL,
where C is the Bligh’s Coefficient for the soil.

Different values of C for different types of soils:

Note: The hydraulic gradient i.e. HL/L is then equal to 1/C. Hence, it
may be stated that the hydraulic
gradient must be kept under a safe limit in order to ensure safety against
piping.
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Bligh’s, Lane’s and Khosla’s Seepage Theory
1. Bligh’s Creep Theory
(ii) Safety against uplift pressure
The ordinates of the HGL above the bottom of the floor represent the
residual uplift water head at each point. Say for example, if at any point,
the ordinate of HGL above the bottom of the floor is 1 m, then 1 m head
of water will act as uplift at that point. If h′ meters is this ordinate, then
water pressure equal to h′ meters will act at this point, and has to be
counterbalanced by the weight of the floor of thickness say t.

Uplift pressure = γw ×h′ [where γw is the unit weight of water]
Downward pressure = (γw ×G).t [Where G is the specific

gravity of the floor material]
For equilibrium,
γw ×h′ = γw ×G. t
h′ = G × t

Bligh’s, Lane’s and Khosla’s Seepage Theory
1. Bligh’s Creep Theory
(ii) Safety against uplift pressure

Subtracting t on both sides, we get
(h′ – t) = (G×t – t) = t (G – 1)
t = (h′ – t)/ (G – 1) = h/ (G – 1)
where, h′ – t = h = Ordinate of the HGL above the top of the floor

G – 1 = Submerged specific gravity of the floor material
Assumptions:
 Hydraulic slope or gradient is constant throughout the impervious

length of the apron.
 The percolating water creep along the contact of the base profile of

the apron with the sub soil losing head enroute, proportional to length
of its travel. The length is called creep length. It is the sum of
horizontal and vertical creep

 Stoppage of percolation by cut off (pile) possible only if it extends up
to impermeable soil strata.
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Bligh’s, Lane’s and Khosla’s Seepage Theory
1. Bligh’s Creep Theory
Limitations of Bligh's theory:
1. This theory made no distinction between horizontal and vertical

creep.
2. Did not explain the idea of exit gradient - safety against undermining

cannot simply be obtained by considering a flat average gradient but
by keeping this gradient will be low critical.

3. No distinction between outer and inner faces of sheet piles or the
intermediate sheet piles, whereas from investigation it is clear, that
the outer faces of the end sheet piles are much more effective than
inner ones.

4. Losses of head does not take place in the same proportions as the
creep length. Also the uplift pressure distribution is not linear but
follow a sine curve.

5. In case of two piles the spacing greater than twice the head or the
piles depth are not effective.

Bligh’s, Lane’s and Khosla’s Seepage Theory
2. Lane’s Weighted Creep Theory
Bligh, in his theory, had calculated the length of the creep, by simply
adding the horizontal creep length and the vertical creep length, thereby
making no distinction between the two creeps. However, Lane, on the
basis of his analysis carried out on about 200 dams all over the world,
stipulated that the horizontal creep is less effective in reducing uplift (or
in causing loss of head) than the vertical creep. He, therefore, suggested
a weightage factor of 1/3 for the horizontal creep, as against 1.0 for the
vertical creep.

L = (1/3)B + 2(d1 + d2 + d3)

HL HL

HLd1 d3

2d1HL/L

2d3HL/L
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2. Lane’s Weighted Creep Theory
To ensure safety against piping, according to this theory, the creep length
Ll must no be less than C1HL, where HL is the head causing flow, and
C1 is Lane’s creep coefficient given in table below.

Bligh’s, Lane’s and Khosla’s Seepage Theory

Values of Lane’s Safe Hydraulic Gradient for different types of Soils

Bligh’s, Lane’s and Khosla’s Seepage Theory
3. Khosla’s Theory and Concept of Flow Nets
The main principles of this theory are summarized below:
 The seepage water does not creep along the bottom contour of pucca

floor as started by Bligh, but on the other hand, this water moves
along a set of stream-lines. This steady seepage in a vertical plane for
a homogeneous soil can be expressed by Laplacian equation:

where, ϕ = Flow potential = Kh;
K = the co-efficient of permeability of soil as defined by Darcy’s law,

and h is the residual head at any point within the soil.
The above equation represents two sets of curves intersecting each other
orthogonally. The resultant flow diagram showing both of the curves is
called a Flow Net.
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Bligh’s, Lane’s and Khosla’s Seepage Theory
3. Khosla’s Theory and Concept of Flow Nets

Bligh’s, Lane’s and Khosla’s Seepage Theory
3. Khosla’s Theory and Concept of Flow Nets
 The streamlines represent the paths along which the water flows

through the sub-soil.
 Every particle entering the soil at a given point upstream of the work,

will trace out its own path and will represent a streamline.
 The first streamline follows the bottom contour of the works and is the

same as Bligh’s path of creep.
 The remaining streamlines follows smooth curves transiting slowly

from the outline of the foundation to a semi-ellipse.



6/26/2018

22



6/26/2018

23

The simple profiles which are most useful in analysis are:
 A straight horizontal floor of negligible thickness with a sheet pile 

line on the upstream end and downstream end.
 A straight horizontal floor depressed below the bed but without any 

vertical cutoffs.
 A straight horizontal floor of negligible thickness with a sheet pile 

line at some intermediate point.
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11.3 5+11.3
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Silt Excluder
 If silt  is not controlled from entering the canal, then it reduces 

the capacity of the structures
 Concentration of silt particles is greater in lower layer as 

compared to upper layer.
 Hence device is designed to separate upper and lower layer   

without any disturbance. 
Silt Excluder is a device by which silt is excluded from water 

entering the canal
It is constructed in the bed in front of head regulator
The top water is then led towards the canal while the bottom 
water containing high silt charge is washed. 

Silt Excluder
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Design Criteria for Silt Excluders:
(i) The approach to the excluder should be straight in which the silt can
settle into lower layers of flow. Artificial curves to the river flow should
be avoided because it may cause turbulence and disturb bed
concentration. The slope of approach channel bed should be flattest
enough to carry the heaviest grade of silt likely to approach the work.
(ii) If the flow is concentrated near head regulator better efficiency can
be achieved in silt exclusion. The excluder tunnels may cover
appropriate number of scouring sluice bays of the barrage.
(iii) Usually 4 to 6 tunnels may be provided for excluders. The number of
tunnels is, however, governed by conditions of approach, length of canal
regulator, discharge of the canal and the discharge to be escaped through
the tunnels.
(iv) Sizes of the tunnels may be fixed to escape 25 to 30% of the canal
discharge at not less than 3 m/sec velocity of flow. Height of the tunnel is
fixed considering depth of flow available in the pocket. A common size
of tunnel could be 2 m wide and 3 m high if other conditions are
fulfilled.

Silt Ejectors (Silt Extractor)
 These are the devices which extract the silt from the canal-water after the silted water has travelled

a certain distance in the off take canal 
 These structures are constructed on the bed of the canal & a little distance d/s from the head regulator 
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Silt Ejector (Silt Extractor)

Silt Ejector (Silt Extractor)
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Design Criteria for Silt Ejectors or Silt Extractors:
(i) Approach to the ejector should be straight and the bed should be
flattest enough to carry the heaviest grade of silt to the tunnel entrance.
(ii) Approach channel should be lined for a length of 3 to 4 times depth
of flow in the channel upstream of the tunnel entrance.
(iii) Where possible the bed of the channel may be depressed by about 30
cm gradually.
(iv) The tunnel entrance should be so designed that there is no
disturbance at entry point.
(v) To prevent silting in the tunnels velocity of flow in the tunnel can be
increased by subdividing the tunnel into convenient compartments.
(vi) Velocity of flow in the tunnel to evacuate the silt laden flow has to
be higher and should be around say 3 m/sec.
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4.75

(1.2 to 1.4) P, where;
(0.8 to 1.0) P
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Canal Escapes:
An escape is a side channel constructed to remove surplus
water from an irrigation channel into a natural drain.
Function of Escapes:
 Helps to overflow the extra surplus water from the canal

safely
 Prevents the damage and defection of irrigation canal
 Prevents the damage of the farming land

Types of canal escapes:
1. Weir type escape
2. Regulator/Sluice type escape

1. Weir type Escape:
Crest level = FSL of the canal
Water escapes if WL > FSL
The crest of the weir wall is kept at R.L equal to canal FSL.
When the water level rises above FSL, it gets

Canal Escapes:
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2. Regulator/Sluice type Escape:
The sill of the escape is kept at canal bed level and the flow
can be used for completely emptying the canal. They may be
constructed for the purpose of scouring off excess bed silt
deposited in the head reaches from time to time.

Canal Escapes:

Outlets/Modules:
A canal outlet or module is a small structure built at the head
of the water course so as to connect it with a minor or a
distributary channel.
Function of Outlets:
 To take water from minor or distributary channel
 To distribute water in required proportions in fields
 To draw water safely from distributary channel
Types of outlets/modules:
1. Non-modular module
2. Semi-modular module or Semi-module or Flexible module
3. Modular outlet or Rigid module



6/26/2018

61

Outlets/Modules:
1. Non-modular module:
Non-modular modules are those through which the discharge
depends upon the head difference between the distributary and
the water course. Lowering of the bed of the water course will
draw extra discharge. Thus equitable distribution of discharge
may not be possible.
Examples are Open sluice, Drowned pipe outlet, etc.
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Outlets/Modules:
2. Semi-modular module:
Semi-modules or flexible modules are those through which the
discharge is independent of the water level of the water course
but depends only upon the water level of the distributary so
long as a minimum working head is available. The common
examples are pipe outlet, venture flume, open flume and
orifice semi-module.
Due to construction, a super-critical velocity is ensured in the
throat and thereby allowing the formation of a jump in the
expanding flume. The formation of hydraulic jump makes the
outlet discharge independent of the water level in water
course, thus making it a semi-module.
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Outlets/Modules:
3. Rigid module:
Rigid modules or modular outlets are those through which
discharge is constant and fixed within limits, irrespective of
the fluctuations of the water levels of either the distributary or
of the water course or both. An example is Gibb’s module.
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Outlets/Modules:
Performance Criteria:
(a) Flexibility, F:
Flexibility is defined as the ratio of the rate of change of
discharge of the outlet to the rate of change of discharge of the
distributary channel.

Outlets/Modules:
Performance Criteria:
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Outlets/Modules:
Performance Criteria:

A change in water depth of the distributary (dy) would result in an equal
change in the head working on the outlet (dH), so that

Outlets/Modules:
Performance Criteria:
(b) Proportionality:
The outlet is said to be proportional when the rate of change of
outlet discharge equals the rate of change of channel
discharge.
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Outlets/Modules:
Performance Criteria:

(c) Setting:
It is the ratio of the depth of the sill level of the outlet below
the FSL of the distributary, to the full supply depth of the
distributary.
Setting = H/y

Outlets/Modules:
Performance Criteria:

For a weir type outlet, the discharge is proportional to H3/2
Hence, the setting for a combination of a weir type outlet and a
trapezoidal channel = m/n = (3/2)/(5/3) = 9/10 = 0.9
Thus an orifice or a weir type outlet shall be proportional, if the outlet is
set at 0.3 and 0.9 times depth below the water surface respectively.

For proportional outlet, setting = y/H = n/m
For a wide trapezoidal channel, the discharge is proportional to y5/3
So n = 5/3
Discharge through an orifice type outlet is proportional to H1/2
So m = ½
Thus, setting = H/y = m/n = (1/ 2)/(5/3) = 3/10 = 0.3
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Outlets/Modules:
Performance Criteria:
(d) Sensitivity, S:
It is defined as the ratio of the rate of change of discharge
through the outlet to the ratio of change of water level of the
distributary.
S = (dq/q)/(dG/y)
where dG = Gauge reading at the outlet

Outlets/Modules:
Performance Criteria:

For rigid modules, the discharge is fixed, and hence sensitivity is zero.
The greater the variation of discharge through an outlet for a given rise
or fall in water level of the distributary, the larger is the sensitivity of the
outlet.

Relation between Sensitivity and Flexibility:
F = (dq/q)/(dQ/Q)
But, dQ/Q = (n/y)×dy
Therefore, F = (dq/q)/((n/y)×dy) = (1/n)×(dq/q)/(dy/y)
Since, dG = dy,
So, F =(1/n)×S
Thus, S = n×F
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Canal Fall/Drop:
Whenever the available natural ground slope is steeper than the designed
bed slope of the channel, the difference is adjusted by constructing
vertical 'falls' or 'drops' in the canal bed at suitable intervals, as shown in
Figure below.

Canal fall/drop is a structure designed to secure lowering of the water
surface in a canal and to dissipate safely the surplus energy so liberated,
which otherwise scour the bed and banks of the canal

Such a drop in a natural canal bed will not be stable and, therefore, in
order to retain this drop, a masonry structure is constructed. Such a
pucca structure is called a canal fall or a canal drop.

Canal Fall/Drop:
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Necessity of Canal Falls:

Necessity of Canal Falls:
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Necessity of Canal Falls:

Canal Fall/Drop:
1. Ogee fall:
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Canal Fall/Drop:
1. Ogee fall:

2. Rapid fall:
Canal Fall/Drop:
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2. Rapid fall:
It is provided with long sloping floor having gentle slope in
the range of 1 in 10 to 1 in 20.

Canal Fall/Drop:

3. Stepped fall:
Canal Fall/Drop:



6/26/2018

75

3. Stepped fall:
Canal Fall/Drop:

4. Trapezoidal notch fall:
Numbers of notches are constructed in a high crested wall
across the channel with a smooth entrance and a flat circular
tip projecting downstream from each notch to spread out the
falling jet.

Canal Fall/Drop:
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4. Trapezoidal notch fall:
Canal Fall/Drop:

There would neither be drawdown nor heading of water, as the
channel approaches the fall. These falls remained quite
popular, till simpler, economical, and better modern falls were
developed.

5. Well type falls or Cylinder falls or syphon well drops:
Canal Fall/Drop:
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5. Well type falls or Cylinder falls or syphon well drops:
Canal Fall/Drop:

6. Vertical fall (Sarada type fall):
A crest wall is constructed to create a vertical drop a cistern is
provided to dissipate the surplus energy of water leaving the
crest.

Canal Fall/Drop:
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7. Straight glacis fall:
This is modern type fall where, slope of 2:1; is provided after
a raised crest. The hydraulic jump is made to occur on the
glacis causing sufficient energy dissipation.

Canal Fall/Drop:

7. Straight glacis fall:
Canal Fall/Drop:
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Canal Fall/Drop:
8. Monatague type fall:
It is the improvement over straight glacis gall by replacing the
straight glacis by a parabolic glass.

Canal Fall/Drop:
8. Monatague type fall:
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9. Inglis fall or Baffle fall:
It is modified form of glacis fall by providing a baffle wall of
a certain height at some distance downstream of toe of the
glacis.

Canal Fall/Drop:

9. Inglis fall or Baffle fall:
Canal Fall/Drop:
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Comparison of Different Types of Falls
(i) Vertical drop falls are quite suitable for discharges upto 15 cumecs and drops up to 1.5 m. But

this type of fall should not be flumed.
(ii) Straight glacis type falls work satisfactorily for all conditions, if unflumed ; but in that case
they become costly. Even then, they can be adopted suitably for discharges up to 60 cumecs and
drops up to 1.5 m, and can even be flumed.
(iii) Baffle fall or Englis fall may be used for all discharges when drop is more than 1.5 m. This
type off all functions very satisfactorily, either flumed or unflumed, so long as it is undrowned.
(iv) Well type falls are suitable and economical for high drops and very low discharges. They can
hence be easily used, as tail escapes of small channels.

Selection of Site for a Fall:
Following points are given due consideration while selecting the site for a fall:
 So far as possible the fall should be combined with a rail or road bridge. The obvious reason is

then abutments, wing walls and foundation are common to both the structures. Such
combination makes a project economical.

 For achieving economy, a fall should be combined with a regulator which is required for
bifurcating the canal.

 The site for a fall on the distributaries and minors should be selected in such a way that the
command is not sacrificed in process of lowering the bed. Actually when the falls are provided
the FSL below the fall goes below natural surface level for some length. Then it becomes
necessary to provide outlet on the upstream side of the fall to command the area which ties
immediately below the fall.
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10 m
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(103.77-101.5)
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RIVER TRAINING 
WORKS

RIVER TRAINING 
WORKS

River Training Works
It implies various measures adopted on a river to divert and
guide river flow, to train and control river beds, and to
increase depth of flow.
Objectives (or Necessities):
 To pass flood discharge safely and quickly
 To transport sediment load (suspended and bed) efficiently
 To prevent bank erosion and degradation of river bed
 To sustain the water depth up to minimum draft required

for navigation purpose
 To guide or divert the flow through specified direction
Purpose:
 To establish the channel along a certain alignment
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(Inglis 1947)
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•Repelling spurs: They force the flow away from themselves.
•Deflecting spurs: They change the direction of flow without repelling
it. They are generally short and used for limited, local protection.
•Attracting spurs: They serve to attract the stream flow toward
themselves and not repel the flow toward the opposite bank. They tend to
maintain deep current close to the bank.
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a/y1
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CROSS-DRAINAGE 
STRUCTURES

CROSS-DRAINAGE 
STRUCTURES

CROSS DRAINAGE WORKS
• when the network of main canals, branch canals,

distributaries, etc. are provided, then these canals may
have to cross the natural drainages like rivers, streams,
nallahs, etc. at different points. The crossing of the canals
with such obstacle cannot be avoided. So, suitable
structures is constructed at the crossing point for the easy
flow of water of the canal and drainage in the respective
directions. These structures are known as cross-drainage
works.
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• Irrigational Canals while carrying water have to cross few
natural drainage streams, rivers, etc.. To cross those
drainages safely by the canals, some suitable structures are
required to construct. Works required to construct, to cross
the drainage are called Cross Drainage Works (CDWs). At
the meeting point of canals and drainages, bed levels may
not be same. Depending on their bed levels, different
structures are constructed and accordingly they are known
by different names.

CROOS DRAINAGE WORKS

NECESSITY OF CDWs
• The water-shed canals do not cross natural drainages. But in

actual orientation of the canal network, this ideal condition
may not be available and the obstacles like natural drainages
may be present across the canal. So, the cross drainage
works must be provided for running the irrigation system.

• At the crossing point, the water of the canal and the
drainage get intermixed. So, far the smooth running of the
canal with its design discharge the cross drainage works are
required.

• The site condition of the crossing point may be such that
without any suitable structure, the water of the canal and
drainage can not be diverted to their natural directions. So,
the cross drainage works must be provided to maintain their
natural direction of flow.
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TYPES OF CDWs
(1) Type I (Irrigation canal passes over the drainage) 

(a) Aqueduct
(b) Siphon aqueduct 

(2) Type II (Drainage passes over the irrigation canal) 
(a) Super passage
(b) Siphon or Canal siphon or Inverted siphon

(3) Type III (Drainage and canal intersection each other of the 
same level) 

(a) Level Crossing
(b) Inlet and outlet

• Aqueduct
The hydraulic structure in which the irrigation canal is taken
over the drainage (such as river, stream etc..) is known as
aqueduct. This structure is suitable when bed level of canal
is above the highest flood level of drainage. In this case, the
drainage water passes clearly below the canal.
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• Siphon Aqueduct
In a hydraulic structure where the canal is taken over the
drainage, but the drainage water cannot pass clearly below
the canal. It flows under siphonic action. So, it is known as
siphon aqueduct. This structure is suitable when the bed
level of canal is below the highest flood level.

• Super Passage
The hydraulic structure in which the drainage is taken over
the irrigation canal is known as super passage. The structure
is suitable when the bed level of drainage is above the full
supply level of the canal. The water of the canal passes
clearly below the drainage.
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• Canal Siphon
The hydraulic structure in which the drainage is taken over
the irrigation canal, but the canal water passes below the
drainage under siphonic action is known as canal siphon.
This structure is suitable when the bed level of drainage is
below the full supply level of the canal.

 Level Crossings
When the bed level of canal and the stream are
approximately the same and quality of water in canal and
stream is not much different, the cross drainage work
constructed is called level crossing where water of canal and
stream is allowed to mix. With the help of regulators both in
canal and stream, water is disposed through canal and
stream in required quantity. Level crossing consists of
following components (i) crest wall (ii) Stream regulator
(iii) Canal regulator.
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 Inlet and Outlet
When irrigation canal meets a small stream or drain at
same level, drain is allowed to enter the canal as in inlet.
At some distance from this inlet point, a part of water is
allowed to drain as outlet which eventually meets the
original stream. Stone pitching is required at the inlet and
outlet. The bed and banks between inlet and outlet are also
protected by stone pitching. This type of CDW is called
Inlet and Outlet.
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WATER LOGGING AND 
DRAINAGE

WATER LOGGING AND 
DRAINAGE

Water Logging:
An agricultural land is said to be water logged if its productivity gets
affected by the high water table. In fact, productivity decreases when
root zone of the plant get flooded with water.
Causes of waterlogging:
 Excessive amount of rains
 Not enough of natural drainage
 Obstruction to the natural drainage
 Obliteration of the natural drainage
 Obstruction of natural subsurface flow
 Water seepage through canal
 Development of reservoir
 Over and intensive irrigation
 Flood submergence
 High textured soil and black cotton soil
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Effects of water logging:
 Inhabiting activity of soil bacteria
 Reduction in availability of capillary water
 Fall in soil temperature
 Rise of salts (alkaline salts)
 Defective air circulation
 Difficulties in cultivation
 Crop yields reduce
 Growth of wild flora
 Adverse effect on community health
Preventive (Remedial) Measures:
 Effective drainage system establishment
 Use of water in optimum quantity
 Crop rotation
 Lining of canals and watercourse

Preventive (Remedial) Measures:
 Introduction of intercepting drain
 Removing obstruction in natural drainage
 Utilization of underground water for irrigation by pumping
 Introduction of drip or sprinkler irrigation method
Drainage:
The process of removing and controlling excess water either
on the surface or in the root zone beneath the soil by some
engineering approach is called drainage.
Objectives
 To increase crop production to sustain high yields
 To prevent accretion of objectionable quantities of salts
Importance
 For satisfactory growth of crops as irrigation
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Benefits of Drainage
 Improves soil structure and increases and perpetuates the

productivity of soil
 Water logged lands can be reclaimed
 Leads to early ploughing and planting
 Lengthens crop growing seasons of the year
 Reduces water table in the area
 Increases depth of root zone soil and provides more

available plant food
 Increases soil ventilation
 Favors growth of soil bacteria
 Assures high soil temperature
 Decreases soil erosion and gullying by increasing water

infiltration into soil
 Excess soil salt can be leached out

Types of Drainage:
1. Land Drainage
2. Field Drainage
1. Land Drainage
This is large scale drainage where the objective is to drain
surplus water from a large area by such means as excavating
large open drains, erecting dykes and levees and pumping.
2. Field Drainage
This is the drainage that concerns in agriculture. It is the
removal of excess water from the root zone of crops.
Types of Field Drainage:
1. Surface Drainage (or Open Drainage)
2. Sub-surface Drainage (or Tile Drainage)
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1. Surface Drainage (or Open Drainage)
The removal of excess rainwater falling on the field or the
excess irrigation water applied to the field by shaping,
grading, or management of the land surface to provide gradual
removal or diversion of water off of the land surface.
Surface drainage is accomplished by smoothing out small
depressions (land smoothing) or re-grading an undulating land
surface to a uniform slope, and directing water to a natural or
improved, constructed channel.
Ridge tillage is a form of surface drainage, providing excess
water that accumulates between the ridges can flow away.

1. Surface Drainage (or Open Drainage)
Surface drainage is most advantageous on flat lands where
slow infiltration, low permeability, or restricting soil layers
prevent the ready infiltration of high intensity rainfall.

a) Shallow surface drains
Shallow surface drains are very useful in quick disposal of
excessive water applied to the field or storm water, and thus
prevent water percolating in the soil. The purpose of these
drains is to counteract water logging rather than relieving
water logged land.

The surface drainages are classified as
a) Shallow surface drains
b) Deep surface drains
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b) Deep surface drains
Deep surface drains are deeper than shallow surface drains and
used in draining out the water logged area. These drains
interfere with the agricultural operation and occupy
considerable land.
Advantages of surface drainage
 Effectively dispose the rain water and excess irrigation water
 Economical
Maintenance is easy
Disadvantages of surface drainage
Minimal affect on reducing the saturated subsoil occuring as a result 
of high water table conditions
 Phosphorus and many herbicides may be transported in the surface 
drainage water
 Requires cross-drainage works at the crossing of canals
 Reduce cultivation area
 Regular silt clearance is required

Surface-Drainage Systems
• Surface drainage involves the removal of excess water from

the surface of the soil.
• This is done by removing low spots where water

accumulates by land forming or by excavating ditches or a
combination of the two.
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Surface-Drainage Systems
• Land forming is mechanically changing the land surface to

drain surface water.
• This is done by smoothing, grading, bedding or leveling.
• Land smoothing is the shaping of the land to a smooth

surface in order to eliminate minor differences in elevation
and this is accomplished by filling shallow depressions.

• There is no change in land contour. Smoothing is done using
land levelers or planes
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Estimation of Design Floods
1.  Slope Area Method

...22
211

1 5.0
02

3/25.0
01

3/2  SRN
ASRN

AQ
2. Rational Method
Maximum flood discharge is given by the following rational formula

where, Qp = Maximum flood discharge in m3/s
f = Dimensionless run-off coefficient
r = Intensity of rainfall within the time of flood concentration in

mm/h
A = Catchment area in km2

6.3
ArfQP 

Design of External Drainage:
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Time of Flood Concentration
The Time of flood concentration is derived from following formula:

where, L = Stream length in km
h = Vertical Distance in m

385.03 )87.0( h
LT

Modified Dicken’s Method
Dicken’s method is an empirical, where the peak discharge is given by

where, Ct for the return period T is given by
Ct = 2.342 log(0.6T) log(1185/p) + 4
with p = 100 ( As +6) / A
As is snow covered area out of total catchment area A in km2.

75.0ACQ tt 
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2. Sub-surface Drainage (or Tile Drainage)
The removal or control of salts and groundwater by means of
drainage channel located at suitable depth below the ground
surface, with the aim of lowering or controlling the water table
depth below the crop root zone, is called sub-surface drainage.
Subsurface drainage is usually implemented with the use of
buried corrugated (and perforated) plastic or clay (tile)
conduits, but it can be done also by creating an unlined pore
(mole drain), constructing blind (or French) drains,
excavating deep open drains, or by the use
of tubewells (shallow groundwater wells).
Advantages
 Drain the sub-soil water and help to control the raise of water
 Land above drains can be used for cultivation
 Reduce soil erosion
 Increase yield of crops

Disadvantages
 High initial cost
 Requires skilled supervision in construction and maintenance
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Depth and Spacing of Tile Drains:
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Layout of Tile Drains
The tile drains may be aligned in different fashions, depending
on the topography of the area. Generally, laterals (branch
drains) run through the most of the drainage area and join the
mains, which in turn, discharge through the outlets into deep
open drains. Various possible alternative layouts for the tile
drainage are discussed below.
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